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ABSTRACT

Objectives: Despite intensive research, the therapeutic options in extensive-stage small cell lung cancer (SCLC)
are still limited. Data from routine clinical practice, so-called “real-world data”, are centrally important to assess
and improve the standard of care. We present prospectively documented data on systemic first-, second- and
third-line treatment, number of treatment lines and outcome parameters of patients treated by medical oncol-
ogists in Germany.

Materials and methods: This is a descriptive analysis on 432 patients with extensive-stage SCLC enrolled at start
of first-line therapy into the prospective German clinical cohort study TLK (Tumour Registry Lung Cancer).
Patients were recruited by 87 sites between February 2010 and December 2013 and followed-up individually for
3 years.

Results: The majority of patients (93%) received a first-line platinum-based combination therapy. Carboplatin
plus etoposide was documented more frequently than cisplatin plus etoposide (46 vs. 35%); patients receiving
carboplatin were older (68 vs. 63 years) and more often presented with poorer performance status (17 vs. 11%
ECOG = 2). Both regimens yielded similar response and survival rates. Median first-line overall survival (OS)
was 10.2 months (95% confidence interval [CI] 8.6-12.3) for carboplatin plus etoposide and 12.2 months (95%
CI 10.1-14.7) for cisplatin plus etoposide. Most patients (77%) would have been eligible for participation in a
clinical trial. 50% of the patients received a second and 22% a third line of treatment. Median second-line OS
was 5.8 months (95% CI 4.8-7.5), median third-line OS 5.7 months (95% CI 3.8-7.0).

Conclusion: To our knowledge, this is the first study of prospectively documented patients with extensive-stage
SCLC in routine clinical practice. We present treatment algorithms as well as outcome parameters for a large
cohort in first-, second- and third-line treatment. The survival times and response rates reported in this routine
setting correspond to the respective measures from large prospective trials.

1. Introduction

neuroendocrine markers accounting for approximately 15% of all lung
cancer cases [2]. In contrast to the more common non-SCLC (NSCLC),

Lung cancer is one of the most common malignancies and the the histologic subtype of 85% of all lung cancer cases, SCLC is char-
leading cause of cancer related deaths in Germany; 59.900 new diag- acterised by rapid proliferation, early metastatic spread and initial high
noses are expected in 2020 [1]. Small cell lung cancer (SCLC) is a sensitivity to chemo- and radiotherapy. Virtually all patients have a
poorly differentiated tumour with immunohistochemical expression of history of smoking. The majority of patients with SCLC are diagnosed at
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advanced stages (extensive-stage) and median overall survival (OS)
ranges between 8 and 12 months [3-5].

Clinical practice guidelines in the US and Europe recommend a
platinum-based chemotherapy with etoposide for the first-line treat-
ment of extensive-stage SCLC [6,7]. After an initial response, almost all
patients relapse with chemotherapy-resistant disease and those who are
eligible for second-line treatment mostly receive topotecan. Although
numerous studies on new therapeutic targets have been conducted, no
significant improvement in survival has been demonstrated and thus,
no new substance has been approved in the past two decades (reviewed
in Refs. [8-11]). In 2016, checkpoint inhibitors and targeted agents
showed promising results in early trials (reviewed in Ref. [8]), kindling
hope in their potential to expand the standard treatment strategies in
the future.

However, patients with lung cancer often present with comorbid-
ities, high age and low performance status. Inclusion criteria of clinical
trials often exclude these patients, leaving many questions unanswered:
What is the main treatment choice and how many patients receive a
second or third line of treatment? Are the majority of patients eligible
to receive standard platinum-based combination therapy? What are the
outcome expectations overall and of patients receiving second- or third-
line chemotherapy?

The prospective, clinical cohort study TLK (Tumour Registry Lung
Cancer) set out to answer most of these questions. We have shown
before that the patients with advanced NSCLC in routine care had
markedly different clinical characteristics compared to patients en-
rolled in randomised clinical trials [12,13]. Furthermore we showed
that there was no difference in outcome or health-related quality of life
for patients receiving the platinum compounds cisplatin or carboplatin
in first-line treatment of advanced NSCLC in routine care [14].

In this article, we present comprehensive “real world” data from the
TLK on 432 patients with extensive-stage SCLC treated by office-based
medical oncologists and clinics in Germany from 2010 until 2016. We
present treatment algorithms as well as outcome parameters, e.g. pro-
gression-free survival (PFS), OS and response rates for the first, second
and third line of treatment. We look at the proportion of patients who
would have been deemed ineligible for participation in a clinical trial
and relate the outcome results from our cohort to previously published
data.

2. Materials and methods
2.1. Data source

The TLK was an open, longitudinal, multicentre, observational,
prospective cohort study which started in 2010 and was closed in 2016.
The TLK was reviewed by the responsible ethics committee and is re-
gistered as Tumour Registry Lung Cancer at ClinicalTrials.gov
(NCT01192919). Written informed consent was obtained from all pa-
tients. Patients were enrolled from February 2010 until December 2013
from all over Germany, and followed for up to three years or until
death, loss to follow-up or withdrawal of consent. The TLK has pre-
viously been described in detail [14].

2.2. Cohort definition

During the recruiting phase, 2509 patients with NSCLC, SCLC, and
mixed histology had been recruited into the project. The present ana-
lysis focuses on 432 patients with metastatic or locally advanced, in-
operable SCLC (extensive-stage), recruited from 87 sites, who received
at least one palliative line of treatment. Second-line (third-line)
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chemotherapy was defined as the systemic treatment administered after
discontinuing first-line (second-line) chemotherapy, either for intoler-
ance or for progressive/recurrent disease as documented by the re-
spective physician. Re-challenges with the same or similar che-
motherapy were considered a subsequent line of treatment if
documented as such by the respective physician. In order to avoid an
overestimation of survival times due to retrospective data collection,
we included only prospectively enrolled patients (n = 338) into the
analysis of response, PFS and OS (all patients, who had signed informed
consent no longer than 42 days after start of first-line treatment).
Patient characteristics of the prospectively enrolled patients did not
differ from those of the whole cohort. The tumour response was
documented as best (clinical) response by the physician and not at
previously specified time points according to RECIST criteria.

2.3. Statistical analysis

OS was defined as the interval between start of first-line (second- or
third-line) treatment and the date of death from any cause. Patients
alive or lost to follow-up at data cut (January 31, 2016) were censored
at last contact according to the Kaplan-Meier method. To detect a po-
tential overestimation of outcome data, patients recruited before and
after start of first-line treatment were analysed in separate groups as
well as all together. PFS was defined as the interval between start of
first-line (second- or third-line) treatment and the date of progression or
death. Patients without such an event before start of second-line (third-
line or fourth-line) treatment were censored at either the start of
second-line (third-line or fourth-line) treatment or at last contact.
Kaplan-Meier estimates were calculated using SAS software, Version 9.4
of the SAS System for Windows. Copyright © 2002-2012 SAS Institute
Inc. SAS and all other SAS Institute Inc. product or service names are
registered trademarks or trademarks of SAS Institute Inc., Cary, NC,
USA. All other analyses were performed using STATISTICA (StatSoft,
Inc.) and IBM SPSS Statistics version 19.0.

3. Results
3.1. Patient, tumour and treatment characteristics

Table 1 presents the patient and tumour characteristics of the 432
patients with extensive-stage SCLC included into this analysis. Median
age at start of therapy was 66 years and at least 86% of the patients
were current or former smokers. 24% of the patients were in good
general condition (ECOG = 0), 17% reported a poorer performance
status (ECOG = 2).

Patients receiving a combination therapy with cisplatin and etopo-
side in first-line treatment were younger at start of therapy (median age
63 years) and presented less frequently with a poor performance status
(11% ECOG = 2) than patients receiving carboplatin combinations
(median age 68 years, 17% ECOG = 2, Table 1). Generally, patients
receiving platinum-combinations were younger and less often had a
poor performance status (ECOG = 2) than patients receiving platinum-
free chemotherapy. A total of 174 patients (40%) received at least one
cranial irradiation.

23% of our cohort (101 patients) could be considered as “trial-in-
eligible”, defined by the presence of at least one of the common ex-
clusion criteria in clinical trials at start of first-line treatment: prior
treatment, ECOG = 2, severe kidney disease, moderate or severe liver
disease, chronic heart failure, coronary heart disease, secondary or
metastatic secondary tumours. 87 (86%) of these patients received
standard platinum-based therapy.
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Table 1
Patient and tumour characteristics — first-line.
Characteristic Carboplatin + etoposide + X* Cisplatin + etoposide + X* Platinum-based” Platinum-free* All patients
(n = 219) (n = 154) (n = 30) (n=29) (n = 432)
Median Min-Max Median Min-Max Median Min- Median Min- Median Min-
Max Max Max
Age at start of therapy, 67.6 39-88 63.0 34-89 62.1 45-81 70.0 45-84 65.7 34-89
years
Mean StD Mean StD Mean StD Mean StD Mean StD

BMI at start of therapy, 26.4 5.0 25.9 5.1 27.8 12.6 24.9 4.7 26.2 5.9

kg/m?

Sex n % n % n % n % n %
Female 77 35.2 62 40.3 16 53.3 11 37.9 166 38.4
Male 141 64.4 92 59.7 14 46.7 18 62.1 265 61.3

Patients with comorbidity®
Any comorbidity® 171 78.1 103 75.9 26 86.7 22 75.9 322 74.5
cCcr=0' 134 61.2 98 63.6 16 53.3 15 51.7 263 60.9
CcCI =1' 85 38.8 56 36.4 14 46.7 14 48.3 169 39.1
Chronic lung disease 48 21.9 34 221 9 30.0 4 13.8 95 22.0
Diabetes mellitus 34 16.0 24 15.6 5 16.7 5 17.2 69 16.0
Hypertension 102 46.6 44 28.6 13 43.3 11 37.9 170 39.4

Haemoglobin < 10g/dL
Yes 21 9.6 12 7.8 5 16.7 9 31.0 47 10.9
No 191 87.2 140 90.9 25 83.3 19 65.5 375 86.8
Unknown 7 3.2 2 1.3 0 0.0 1 3.4 10 2.4

LDH > upper norm
Yes 105 47.9 63 40.9 13 43.3 16 55.2 197 45.6
No 85 38.8 79 51.3 13 43.3 11 37.9 188 43.5
Unknown 29 13.2 12 7.8 4 13.3 2 6.9 47 10.9

Calcium > upper norm
Yes 10 4.6 2 1.3 1 3.3 2 6.9 15 3.5
No 180 82.2 133 86.4 26 86.7 26 89.7 365 84.5
unknown 29 13.2 19 12.3 3 10.0 1 3.4 52 12.0

Performance status®
ECOG =0 48 21.9 38 24.7 9 30.0 8 27.6 103 23.8
ECOG =1 117 53.4 79 51.3 13 43.3 9 31.0 218 50.5
ECOG = 2 38 17.4 17 11.0 6 20.0 11 37.9 72 16.7
Missing 16 7.3 20 13.0 2 6.7 1 3.4 39 9.0

Metastasis at start of 15-line®
Yes 164 74.9 106 68.8 19 63.3 19 65.5 308 71.3
No 2 0.9 4 2.6 0 0 0 0 6 1.4
Missing 53 24.2 44 28.6 11 36.7 10 34.5 118 27.3

Trial eligibility”

Potentially trial- 167 76.3 125 81.2 24 80.0 15 51.7 331 76.6
eligible
Trial-ineligible 52 23.7 29 18.8 6 20.0 14 48.3 101 23.4

Smoking status®
Current Smoker 58 26.5 50 325 13 43.3 9 31.0 130 30.1
History of smoking' 129 58.9 85 55.2 12 40.0 14 48.3 240 55.6
Never Smoker 12 5.5 3 1.9 1 3.3 2 6.9 18 4.2
Unknown 20 9.1 16 10.4 4 13.3 4 13.8 44 10.2

Abbreviations: BMI, body mass index; LDH, lactate dehydrogenase; Max, maximum; Min, minimum; StD, standard deviation; X, any substance other than carbo-
platin, cisplatin or etoposide.

@ A third substance “X” (mostly vincristine) was given to 8.7% of the patients receiving carboplatin + etoposide and 1.3% of the patients receiving cisplatin +
etoposide.

b platinum-based: any regimen with cisplatin or carboplatin but without etoposide.
Platinum-free: any regimen without platinum-agent.

4" At enrolment.

¢ At least one comorbidity according to Charlson or additional concomitant diseases.

f Charlson Comorbidity Index (CCI) according to Quan et al. [28,29].

& 8 weeks before until 4 weeks after start of first-line treatment.

1 Trial-eligibility was defined by the presence of at least one of the following exclusion criteria: prior treatment, ECOG = 2, severe kidney disease, moderate or
severe liver disease, chronic heart failure, coronary heart disease, metastatic secondary tumours.

! former or ever smoker.

c

3.2. Choice of systemic treatment shown in Fig. 1A. 86% of the patients received a platinum agent
combined with etoposide in their first line of treatment; 10% of the

First-line treatments were started between May 2009 until patients additionally received a third substance (mostly vincristine).
November 2013. In total, 93% of the patients received a platinum-based Looking at the most frequently prescribed regimens, 46% of the patients
combination chemotherapy. The four main treatment strategies are received carboplatin with etoposide and 35% cisplatin with etoposide
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A First-line treatment 2009-2013

Car+EtotX

Cis+EtotX

Platinum-based 6.9%

Platinum-free 6.7%

(n=432)

0% 20% 40% 60%

C Top 5 second-line treatments 2009-2014

Topotecan

Cyc+Dox+Vic

Car+Eto
Cis+Eto 5.1%
Cyc+Epit+Vic 2.8%

(n=214)
0% 20%  40%  60%

E Number of treatment lines (n=432)

ODeath DOLost to follow-up
@ Potential B Therapy received

100%

80%

60%

40%

20%

0%

First- Second- Third-
line treatment

Fig. 1. Choice of systemic treatment in advanced SCLC.

(A) Distribution of first-line treatments from 2009-2013. A third substance “X” was given to 8.7% of the patients receiving carboplatin + etoposide and 1.3% of the
patients receiving cisplatin + etoposide. (B) Top 5 first-line treatments sorted by frequency (n = 432) from 2009-2013. *Car/Cis: patients switched from carboplatin
to cisplatin or vice versa within first-line treatment. (C) Top 5 second-line treatments sorted by frequency (n = 214) from 2009-2014. (D) Top 5 third-line treatments
sorted by frequency (n = 96) from 2009-2014. (E) Percentage of patients receiving a palliative second- or third-line treatment (n = 432). Potential: further treatment
possible (current line ongoing, therapy paused or documentation finished).

Abbreviations: Car, carboplatin; Cis, cisplatin; Cyc, cyclophosphamide, Dox, doxorubicin; Epi, epirubicin; Eto, etoposide; platinum-based, any regimen with cis-
platin or carboplatin but without etoposide; platinum-free, any regimen without platinum agent; Vic, vincristine; X, any other substance than carboplatin, cisplatin or

etoposide.
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B Top 6 first-line treatments 2009-2013

Car+Eto
Cis+Eto
Car+Eto+Vic
Car/Cis*+Eto

Cyc+Dox+Vic

Topotecan | 2.1% (n=432)
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D Top 5 third-line treatments 2009-2014

Topotecan
Cyct+Dox+Vic

Car+Eto

Cyc+Epi+Vic 6.3%

Paclitaxel 5.2% (n=96)

0% 10% 20% 30%
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Table 2
OS, PFS and best response of prospectively documented patients — first-line.

Lung Cancer 130 (2019) 216-225

Carboplatin + etoposide + X (n = 173)

Cisplatin + etoposide + X (n = 119)

Platinum-based (n = 22) Platinum-free (n = 24) All patients (n = 338)

Best response n % n % n % n % N %
CR/PR 103 59.5 69 58.0 11 50.0 10 41.7 193 57.1
SD 26 15.0 18 15.1 0 0.0 0 0.0 44 13.0
PD 15 8.7 12 10.1 5 22.7 5 20.8 37 10.9
Not evaluable 29 16.8 20 16.8 6 27.3 9 37.5 64 18.9
Number of Median IQR Median IQR Median IQR Median IQR Median IQR
cycles
6.0 2.0 6.0 3.0 4.0 3.25 3.5 3.75 5.0 3.0
PFS n % n % n % n % n %
Events 140 80.9 80 67.2 18 81.8 21 87.5 259 76.6
Median Months 95% CI Months 95% CI Months 95% CI Months 95% CI Months 95% CI
6.9 6.2-7.4 7.9 6.5-8.8 5.2 3.1-6.7 2.2 1.5-5.0 6.8 6.2-7.4
Survival rate % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI
6 months 60.2 52.3-67.1 64.9 54.9-73.2 38.4 18.5-58.1 29.2 13.0-47.6 58.1 52.4-63.3
12 months 19.2 13.2-26.0 25.3 16.8-34.6 11.0 1.0-34.6 12.5 3.1-28.7  20.3 15.7-25.3
0os n % n % n % n % n %
Events 141 81.5 88 73.9 18 81.1 20 83.3 267 79.0
Median Months 95% CI Months 95% CI Months 95% CI Months 95% CI Months 95% CI
10.2 8.6-12.3 12.2 10.1-14.7 9.3 5.1-14.5 6.5 1.7-10.7 10.7 9.3-11.8
Survival rate % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI
6 months 75.1 67.8-80.9 85.9 78.1-91.2 63.6 40.3-79.9 50 29.1-67.8 76.2 71.2-80.5
12 months 43.2 35.3-50.8 53.0 43.1-61.9 32.0 13.5-52.4 18.2 5.8-36.1 44.0 38.4-49.5

Abbreviations: CI, confidence interval; CR, complete response; IQR, interquartile range; OS, overall survival; PD, progressive disease; PFS, progression-free survival;
PR, partial response; SD, stable disease; StD, standard deviation; X, any substance other than carboplatin, cisplatin or etoposide.

(Fig. 1B). 3% of the patients switched from carboplatin to cisplatin or
vice versa within first-line treatment (Fig. 1B).

In second-line, most patients received topotecan monotherapy
(55%) or other platinum-free regimens (Fig. 1C). The top three second-
line regimens accounted for 76% of treatments. 47 patients (22% of all
patients receiving second-line treatment) were re-challenged with a
platinum agent. In third-line, the choice of treatments broadened: 25%
of the patients received topotecan and 23% a combination of cyclo-
phosphamide, doxorubicin and vincristine. A total of 18 patients (19%
of all patients receiving third-line treatment) were re-challenged with a
platinum agent in third line of treatment, 10% with carboplatin and
etoposide (Fig. 1D). Of all patients, who received a third line of treat-
ment, 61 (64%) received 3 distinct lines of treatment. Patients receiving
a third line of treatment were slightly younger (63.7 years vs. 65.7
years), more often female (46% vs. 38%) and in good overall condition
(ECOG = 0 35% vs. 24% at start of first-line) than the overall cohort of
patients starting first-line treatment.

In total, at least 50% of the patients (n = 214) received a second
line of treatment and at least 22% of the patients received a third line
(Fig. 1E). 39% of the patients died prior to a second-line and 61% prior
to a third-line treatment. Patients marked as “potential” were alive at
database closure and could potentially have received further treatment
(had either not completed the previous line of treatment or had finished
the previous line but not started a new one yet). In total, 13% of the
patients (n = 54) were lost to follow-up.

3.3. Outcome parameters for first-line treatment

For all prospectively documented patients (n = 338), response rates
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and outcome data according to the different treatment regimens are
shown in Table 2. Looking at the therapy cycles, patients received a
median of 3.5 (platinum-free) or 6.0 (Car + Eto + X and Cis + Eto
+ X) cycles (Table 2). Chemotherapy was successful in 70% of all
patients, as assessed by the disease control rate, covering complete or
partial response (CR/PR) and stable disease (SD). Similar disease con-
trol rates were observed for patients receiving platinum-etoposide
combinations, while the disease control rate was markedly lower in
patients receiving other platinum-based regimens (50%) or platinum-
free regimens (42%).

Median first-line PFS was 6.9 months and median OS 10.2 months
for combinations with carboplatin-etoposide. Median first-line PFS was
7.9 months and median OS 12.2 months for combinations with cis-
platin-etoposide. Median first-line PFS of all prospectively documented
patients was 6.8 months (Table 2, Fig. 2A) and median OS was 10.7
months (Table 2, Fig. 2B). First-line PFS and OS by treatment strategy
are shown in Supplemental Figure S1. Of note, patients receiving these
regimens differed in important sociodemographic and medical para-
meters (see Section 3.1 and Table 1). The survival times of potentially
trial-eligible and trial-ineligible patients did not differ significantly:
median PFS was 7.1 months (95% CI 6.4-7.8) and median OS 12.1
months (95% CI 10.9-13.3) for potentially trial-eligible patients
(n = 257), median PFS was 6.4 months (95% CI 5.1-7.7), median OS
8.9 months (95% CI 6.9-10.9) for trial-ineligible patients (n = 81).

3.4. Outcome parameters for second- and third-line treatment

Taking a closer look at all prospectively documented patients who
had received a second line of treatment (n = 155), median age at start
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Fig. 2. Progression-free and overall survival.
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(A) First-line PFS and (B) first-line OS of all prospectively enrolled patients (n = 338), (C) Second-line PFS and (D) second-line OS, (E) third-line PFS and (F) third-

line OS.
Abbreviations: CI, confidence interval; OS, overall survival; | Censored.

of second-line treatment was 64 years (Table 3). 22% of the patients
achieved a complete or partial response. Patients receiving topotecan
monotherapy in second-line were older (median age 66 years) than
patients receiving other treatment options (median age 61 years).
Median second-line PFS was 2.8 months (95% CI 2.1-3.5, Figure S1A),
and median second-line OS was 5.8 months (95% CI 4.8-7.5, Fig. 2C
and D).

Also, in third-line treatment (65 prospectively documented

patients), median age at start of treatment was 64 years (Table 4), with
patients receiving topotecan monotherapy being older (median age 70
years) than patients receiving other treatments (median age 63 years).
Median third-line PFS was 3.1 months (95% CI 2.4-4.7) and median
third-line OS was 5.8 months (95% CI 4.4-7.1, Fig. 2E and F).

18 patients (4%) subsequently received a fourth and 8 patients (2%)
a fifth line of treatment.
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Table 3
Patient characteristics and outcome parameter of all prospectively documented patients receiving a second-line treatment.
Topotecan” (n = 94) Platinum-based” (n = 31) Platinum-free® (n = 30) All patients (n = 155)
Median Min-Max Median Min-Max Median Min-Max Median Min-Max
Age, years 66.4 46-84 61.3 45-79 61.5 39-78 64.4 39-84
Sex n % n % n % n %
Female 31 33.0 16 51.6 11 36.7 58 37.4
Male 63 67.0 15 48.4 19 63.3 97 62.6
First-line treatment [months] Median IQR Median IQR Median IQR Median IQR
Duration® 3.5 0.85 2.4 2.4 3.5 1.7 3.5 1.4
Time to next treatment’ 8.0 4.27 6.6 8.3 6.2 5.9 7.8 5.3
Treatment-free interval® 4.2 4.3 4.2 6.57 2.3 4.0 4.0 5.0
n % n % n % n %
< 3 months 26 27.7 14 45.2 19 63.4 59 38.1
3-6 months 40 42.6 6 19.4 7 23.3 53 34.2
> 6 months 28 29.8 11 35.5 4 13.3 43 27.7
Best response n % n % n % n %
CR/PR 13 13.8 12 38.7 9 30.0 34 21.9
SD 13 13.8 3 9.7 4 13.3 20 12.9
PD 38 40.4 8 25.8 5 16.7 51 32.9
Not evaluable” 30 31.9 8 25.8 12 40.0 50 32.3
Number of cycles Median IQR Median IQR Median IQR Median IQR
3.0 3.0 3.0 3.0 4.0 4.0 3.0 3.5
PFS n % n % n % n %
Events 88 93.6 20 64.5 28 93.3 136 87.7
Median Months 95% CI Months 95% CI Months 95% CI Months 95% CI
2.3 1.8-29 4.5 2.9-10.2 3.4 1.4-51 2.8 2.1-3.5
0os n % n % n % n %
Events 80 85.1 22 71.0 25 83.3 127 81.9
Median Months 95% CI Months 95% CI Months 95% CI Months 95% CI
5.2 3.8-7.2 8.0 6.8-16.5 5.0 3.5-9.1 5.8 4.8-7.5

Abbreviations: CI, confidence interval; CR, complete response; IQR, interquartile range; Max, maximum; Min, minimum; OS, overall survival; PD, progressive
disease; PFS, progression-free survival; PR, partial response; SD, stable disease; StD, standard deviation; X, any substance other than carboplatin, cisplatin or
etoposide.

# Topotecan monotherapy.

b platinum-based: any regimen with cisplatin or carboplatin (1 patient received carboplatin and topotecan).

¢ Platinum-free: any regimen without platinum-agent or topotecan.

4 Second-line chemotherapy was defined as the systemic treatment administered after discontinuing first-line chemotherapy, either for intolerance or for pro-
gressive/recurrent disease.

¢ Time period between start of first-line treatment until end of first-line treatment.

f Time period between start of first-line treatment until start of second-line treatment.

& Time period between end of first-line treatment until start of second-line treatment.

" Due to the high number of ongoing treatments and assessment of response as per local site standard (non-interventional design without independent review), a
high percentage of responses is not evaluable.
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Table 4
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Patient characteristics and outcome parameter of all prospectively documented patients receiving a third-line treatment.

Topotecan” (n = 15)

Platinum-based” (n = 12)

Platinum-free® (n = 38) All patients (n = 65)

Median Min-Max Median Min-Max Median Min-Max Median Min-Max
Age, years 69.8 48.2-78.8 62.9 45.0-83.7 63.0 46.0-82.1 63.7 45.0-83.7
Sex n % n % n % n %
Female 7 53.3 3 25.0 20 52.6 30 46.2
Male 8 46.7 9 75.0 18 47.4 35 53.8
Best response n % n % n % n %
PR 1 6.7 2 16.7 2 5.3 5 7.7
SD 3 20.0 4 33.3 14 36.8 21 323
PD 4 26.7 1 8.3 12 31.6 17 26.2
Not evaluable © 7 46.7 5 41.7 10 26.3 22 33.8
PFS n % n % n % n %
Events 12 80.0 10 83.3 35 92.1 57 87.7
Median Months 95% CI Months 95% CI Months 95% CI Months 95% CI
1.8 1.1-5.4 5.6 2.0-10.6 3.5 2.8-4.7 3.1 2.4-4.7
oS n % n % n % n %
Events 12 80.0 9 75 33 86.8 54 83.1
Median Months 95% CI Months 95% CI Months 95% CI Months 95% CI
2.8 1.1-7.1 7.0 2.3-15.8 5.7 4.4-8.4 5.8 4.4-7.1

Abbreviations: CI, confidence interval; CR, complete response; Max, maximum; Min, minimum; OS, overall survival; PD, progressive disease; PFS, progression-free

survival; PR, partial response; SD, stable disease.
@ Topotecan monotherapy.

> Pplatinum-based: any regimen with cisplatin or carboplatin (1 patient received cisplatin and topotecan).

¢ Platinum-free: any regimen without platinum-agent or topotecan.

4 Third-line chemotherapy was defined as the systemic treatment administered after discontinuing second-line chemotherapy, either for intolerance or for pro-

gressive/recurrent disease.

¢ Due to the high number of ongoing treatments and assessment of response as per local site standard (non-interventional design without independent review), a

high percentage of responses is not evaluable.

4. Discussion

This study is the first of its kind evaluating data from a large pro-
spectively documented cohort of patients with extensive-stage SCLC in
German routine clinical practice. At least 50% of the patients received a
second- and 22% a third line of treatment. Platinum-based combination
chemotherapies accounted for 93% of all first-line treatments between
2009 and 2013. The two main treatment regimens were carboplatin or
cisplatin combined with etoposide (51% and 36%, respectively).
Patients receiving carboplatin-based combination therapy were older
and presented more frequently with a poorer performance status than
patients receiving cisplatin-based combinations. However, both regi-
mens yielded similar response rates, PFS and OS. The survival times and
response rates reported in our routine setting correspond to the re-
spective measures from large prospective trials, even though this cohort
comprised 101 patients (23%) who would have been ineligible for
participation in a clinical trial according to common exclusion criteria.

This study was designed to examine the treatment and outcome of
patients receiving systemic therapy. Therefore, results may not be
generalised to the small group of patients not receiving any systemic
treatment. The non-interventional design of this study (no randomisa-
tion) precludes causal conclusions on differences of effectiveness of the
different treatment strategies. In the TLK registry, there were no spe-
cifications as to the timing, frequency or criteria of tumour assessment
and thus PFS data should be considered as the best clinical approx-
imation and might not be identical to the PFS determined in clinical
trials. A distinct proportion of patients was re-challenged with a similar
regimen (22% of the patients in second- and 19% of the patients in
third-line treatment) and thus not all patients in third-line treatment
received three distinct chemotherapeutic agents. Strengths of this pro-
ject are the prospective data collection and the participation of oncol-
ogists all over Germany recruiting a large study cohort.

After more than 40 failed phase III trials in the past four decades,
the list of ineffective drugs for SCLC is long [13,14]. For those patients
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with a good performance status, a combination of cisplatin and eto-
poside is considered the gold standard [14]. In clinical practice, how-
ever, carboplatin is frequently used instead of cisplatin, especially in
older patients [15-17]. Also in our cohort, combinations based on
etoposide plus carboplatin were used more frequently than combina-
tions based on etoposide plus cisplatin (51 vs. 36%) and patients re-
ceiving carboplatin were older (median age 68 vs. 63 years). Several
studies have suggested that combination regimen with either cisplatin
or carboplatin are comparable regarding ORR, PFS, and OS in first-line
therapy: A meta-analysis of four randomised trials concluded that both
regimens were equally effective (median OS 9.6 months for cisplatin
and 9.4 months for carboplatin, with an overall response rate of 67%
and 66%, respectively) and differed only in their toxicity profiles [15].
Similarly, studies at population-level found no significant difference in
survival between combinations based on carboplatin or cisplatin
[17,18]. Karam and colleagues reported a median OS of 11 months for
carboplatin plus etoposide and 10 months for cisplatin plus etoposide
for patients with extensive-stage SCLC in British Columbia from 2004 to
2008 [17]. These survival times are comparable with the times ob-
served in our cohort, the median OS for carboplatin plus etoposide was
10.2 months and 12.2 months for cisplatin plus etoposide, the response
rate was 60% and 58%, respectively. Thus, the choice of platinum agent
in first-line therapy should primarily depend on expected toxicity,
performance status and comorbidities [19]. Interestingly, a recent large
randomised phase III trial specifically designed for extensive-stage
SCLC showed that the combination regimen cisplatin plus etoposide
failed to improve survival in comparison to an etoposide-containing
regimen without cisplatin [20], providing a valid alternative to pla-
tinum-based therapy.

A recent review numbered the median survival of patients with
extensive-stage SCLC between 7 and 10 months with a 1-year survival
rate of 20% to 40% [14]. The outcome of the patients with extensive-
stage SCLC in the TLK registry is at the upper end with a median OS of
10.7 months and a 1-year survival rate of 44%. In contrast to other
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malignancies such as renal cell carcinoma [21], most patients with
SCLC in routine care would be eligible for participation in a clinical trial
(77%), suggesting that the results from these trials are conferrable to
the majority of patients. Interestingly, 86% of the potentially trial-in-
eligible patients received standard platinum-based chemotherapy
anyway.

A special characteristic of SCLC is its responsiveness to initial
treatment, but most patients relapse with relatively resistant disease
and a median survival of 4-5 months [16]. Correspondingly, the
median second-line survival was 5.8 months in our cohort. The top
three regimens accounted for 76% of treatments, reflecting the lack of
individual alternatives. Indeed, topotecan is the only second-line drug
approved by the FDA (US Food and Drug Administration), but so far, it
has produced only modest anti-tumour effects with response rates of
5-24% and a median survival of roughly 6 months [9,22,23]. Also in
our cohort, the median OS for patients receiving second-line topotecan
was 5.2 months with a response rate of 14%. Due to the non-inter-
ventional design of this study, no causal conclusions can be drawn re-
garding the seemingly different survival times between the subgroups.
More in-depth analysis with appropriate methods would require a
higher number of patients or a specifically designed randomized clinical
trial.

There is no consensus on the treatment of SCLC in the third-line
setting, and only few patients actually go on to receive a third line of
therapy: a multicentre, retrospective review documented 120 patients
with third-line treatment over a period of 10 years; in their largest
contributing centre, only 6% of all SCLC patients went on to receive 3
lines of chemotherapy [24]. A single-institution retrospective analysis
reported 18% of the patients receiving third-line chemotherapy [25]. In
our prospectively documented cohort, 22% of the patients received a
third line of treatment. The previously reported survival times are in
line with our results (median third-line PFS 3.1 months, OS 5.8
months): Simos et al reported a PFS of 2.0 months and an OS of 4.7
months [24], De Jong et al reported an OS of 5 months [25]. There are
no guidelines on the choice of third-line treatment, as reflected in the
wide variety of regimens reported. Additionally, many patients are re-
challenged with a platinum-agent, in the report by Simos et al, only
20% of the patients received 3 distinct lines of chemotherapy [24];
compared to 64% of all patients receiving third-line treatment in our
cohort, underlining the urgent need for novel therapeutic options.

Just recently, encouraging results have been published with the
antibody-drug conjugate rovalpituzumab tesirine [23] as well as with
the checkpoint inhibitors ipilimumab and/or nivolumab [26], with
promising response rates in patients with recurrent SCLC [8]. Further-
more, the combination of first-line chemotherapy with the checkpoint
inhibitor atezolizumab showed promising survival data [27]. It will be
interesting to see the implementation of these new regimens in routine
clinical practice and they will hopefully start the urgently needed im-
provement in survival and quality of life. The successor cohort study
CRISP recruiting patients with lung cancer in Germany was started in
December 2015 (ClinicalTrials.gov NCT02622581) and will continue to
provide valuable insight into routine care of these patients.

5. Conclusion

This prospective cohort study shows that the majority of patients
with extensive-stage SCLC in routine clinical practice (93%) received
standard platinum-based combination therapy in their first line of
treatment. Both combination therapies of carboplatin or cisplatin plus
etoposide yielded similar response rates and survival times despite
differences in patient characteristics. 50% of the patients went on to
receive a second- and 22% a third-line treatment, mostly topotecan
(55% in second- and 25% in third-line), with a median OS of approxi-
mately 6 months in both treatment lines. With 1 in 5 patients receiving
a third line of treatment, guidelines as to the optimal choice of third-
line treatment are urgently needed.
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