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ABSTRACT

Objectives: This real-world study on small-cell lung cancer (SCLC) patients aimed to investigate treat-
ment patterns, outcome of re-challenge with platinum doublet chemotherapy (PDCT), and associations
between clinical characteristics and survival outcomes.

Material and methods: This retrospective single center cohort study was based on patients diag-
nosed with SCLC between 2008 and 2016 at the Karolinska University Hospital, Stockholm, Sweden.
Patients were divided into two subgroups; limited disease (LD), receiving concomitant chemo- and
radiotherapy and extensive disease (ED), receiving palliative PDCT. The progression-free survival (PFS)
was defined as the interval between the start of CT and the earliest date of documented progression.
‘Refractory relapse’ (Rr) and ‘Sensitive relapse’ (Sr) were defined as relapse occurring < or >180 days
after start of PDCT, respectively. The results for treatment patterns were reported as numbers and per-
centages of patients, and descriptive analyses including medians and 95% confidence intervals (Cls).
The Cox proportional hazards regression model was applied to assess the relationship between clinical
characteristics and overall survival (OS).

Results: The study included 544 patients; 408 with ED and 136 patients had LD. The median PFS and
OS for ED patients were 5.1 and 7.0, respectively. In the ED subgroup, Sr occurred in 169 patients
(41%), with a longer median OS when compared to Rr patients (10.8 vs. 3.6 months). Patients with LD
had a median PFS and OS of 12 and 24 months, respectively. Some LD patients did not show a sign
of relapse (22%). The majority of LD patients who relapsed had Sr (66%), with a longer median OS
when compared to patients with Rr (20.9 vs. 7.8 mo).

Conclusions: The survival outcomes for ED and LD SCLC patients correspond to historical data.
Patients with Sr after 1st line therapy might benefit from re-challenge with PDCT in the 2nd line
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Background

The current standard of care for limited disease (LD) small-
cell lung cancer (SCLC) patients is platinum doublet chemo-
therapy (PDCT) administered for four to six cycles with con-
comitant thoracic radiotherapy (CT+RT). The most
frequently used schedule for concomitant radiation therapy
consists of 1.5 Gy fractions, twice per day, up to a total dose
of 45Gy [1]. For extensive disease (ED), the standard of care
for 1st line treatment consists of the similar PDCT as in LD
but without the addition of concomitant RT. The treatment
options for ED have recently been enriched by the introduc-
tion of atezolizumab, an anti-programed death-ligand 1 (PD-
L1) inhibitor, which can be used together with PDCT in
patients with excellent performance status (PS) [2]. The prog-
nosis for SCLC patients receiving only best supportive care
(BSC) is 2-4 months [1]. Despite high initial treatment

responses to PDCT (70%), almost all patients inevitably
develop resistance and relapse [3]. Patients receiving PDCT
who have signs of relapse can be divided into refractory and
sensitive groups. The definitions of platinum ‘sensitive’ and
‘refractory’ disease vary between previous studies; either
with progression-free survival (PFS) of >or <180 days from
the start of 1st line treatment, or of >or <90 days after the
end of PDCT, respectively [3-5]. Patients without signs of
relapse after 1st line therapy are not included in these defini-
tions. The practical value of such definitions is to correlate
platinum sensitivity with prognosis and suggest secondary
treatment strategies. Hence, patients with ‘sensitive relapse’
(Sr) are recommended re-challenge with PDCT, while patients
with ‘refractory relapse’ (Rr) are recommended a non-plat-
inum based regimen as second line (2nd line). These recom-
mendations though, are not based on results from
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randomized clinical trials [5]. Topotecan, in fact, is the only
FDA-approved agent for 2nd line treatment in SCLC, based
on the results of three phase Il trials [6-8]. These trials com-
pared topotecan with anthracycline-based CT or BSC [6-9].
Monotherapy with nivolumab is the only FDA-approved drug
for 3rd line treatment, based on an open-labeled phase I/1I
study with a PFS rate of 17.2% at six months [10]. In add-
ition, few SCLC patients are still in adequate physical condi-
tion to receive 3rd line treatments [9]. For LD patients who
respond to CT + RT, prophylactic cranial irradiation (PCl) both
increases overall survival (OS) and decreases the incidence of
brain metastases [11]. However, the clinical benefit of PCl in
ED patients remains uncertain, since results from two
randomized clinical trials have shown conflicting results
[12,13]. The National Swedish guidelines recommend using
PCI for all LD patients with response to 1st line treatment
and for ED patients without signs of rapid progression after
1st line CT and with a good PS. Furthermore, patients aged
over 80 years or with cerebrovascular disease are not recom-
mended PCl [14,15].

Given this background, the aim of the present large retro-
spective study was to evaluate the treatment patterns for
SCLC patients in 1st, 2nd and 3rd line as well as the out-
comes of re-challenge with PDCT compared to previous
experiences [16,17]. The purpose was also to investigate if
there was an association between clinical characteristics and
outcomes in SCLC patients in a real-world setting.

Material and methods
Data collection

This was a non-interventional, retrospective, single-center
cohort study. The study included patients with a first-time
diagnosis of SCLC who had completed >1 cycle of PDCT
with or without concomitant RT between 1 January 2008
and 1 February 2016. All patients included in the study were
identified from the Swedish Lung Cancer Registry and had
been treated at the Karolinska University Hospital,
Stockholm, Sweden. All data regarding clinical characteristics,
treatment patterns and survival outcomes were manually
retrieved from each patient’s medical record by one of the
study authors (ST). Tumor stage was reclassified according to
the 8th TNM system for all patients [18]. However, for the
present analyses, cases were categorized according to the
Veterans Administration Lung Study Group (VASLG) classifica-
tion system (LD/ED) based on the treatment intention [19].
The last follow-up date was 30 June 2018.

Five hundred and sixty patients diagnosed with SCLC and
treated at the Karolinska University Hospital during the study
period were identified in the Swedish Lung Cancer Registry.
Patients with LD who interrupted their concomitant RT due
to toxicity or progression (n=4), as well as patients with ED
who were treated with concomitant CT+RT in the 1st line
were excluded (n=12). The final study cohort encompassed
544 SCLC patients.
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Treatment patterns

Subjects were divided into two groups depending on the
intention of 1st line treatment; palliative chemotherapy for
ED patients and curative intended CT-+RT for LD patients.
The RT scheduling followed local clinical guidelines; 45 Gy,
delivered in 30 fractions, twice daily, starting with the second
course of PDCT [15].

The most commonly used PDCT regimen was Carboplatin,
together with etoposide or irinotecan (EP/IP). The CT agents
used in monotherapy in 2nd line included topotecan (T), eto-
poside (E) and irinotecan (l). Patients received PCl according
to local guidelines [14,15].

Co-variates

The following clinical characteristics were included: PS, age,
gender, smoking status and TNM stage at the time of diag-
nosis. Smoking status was divided into current, previous or
nonsmoker, and was based on self-reporting from the
patients. The PS was retrieved prior to initiating 1st line
treatment. The following hematology and blood chemistry
values were obtained prior to 1st line treatment: hemoglo-
bin, C-reactive protein (CRP), lactate dehydrogenase, albumin
(Alb) and sodium (Na). The distribution of Hb (g/L) was rela-
tively large, with an interquartile range (IQR) of 100-1804g/L,
and therefore, in the uni- and multi-variate analyses, an
increase with 20 g/L was chosen. A log-transformed approach
was instead chosen for CRP and LDH since the distribution
of these lab values was skewed. These clinical and laboratory
characteristics were chosen since they are routinely obtained
at Karolinska University Hospital and previously have been
shown to be prognostically relevant in SCLC patients [20,21].

Definitions of outcomes

The index date was defined as the starting date of CT. The
PFS for 1st line therapy was the interval between the index
date and the earliest date of documented clinical or radio-
logical progression according to standard clinical practice, or
death. The PFS for 2nd and 3rd line therapy was defined
according to the index date of each line of therapy until
documented clinical or radiological progression according to
standard clinical practice, or death. Rr and Sr were defined as
relapse occurring within or later than 180 days from the start
of PDCT, respectively. We chose this cutoff, rather than
90 days after completion of treatment to minimize potential
bias originating from differences in CT schedules, with etopo-
side administered for three to 14 days, and in the total num-
ber of CT cycles due to toxicity or patient choice [1]. Patients
who did not have verified relapse were not included in the
Sr subgroup, but were instead classified as ‘no relapse’. Re-
challenge with the same CT agents after completion of a
planned course was considered as a subsequent line of treat-
ment. OS was defined as the interval between the index
date of each line of CT until death. Patients who did not
receive subsequent treatment despite tumor progression
were defined as BSC.
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Table 1. Baseline characteristics for extensive disease (ED) and limited disease
(LD) patients.

Table 2. Treatment patterns and survival outcomes for each line of chemo-
therapy for extensive disease (ED) and limited disease (LD) patients.

ED LD
(n=408) (n=136)

Age (years)

Median (IQR) 70.5 (63.7, 76.0) 67.2 (61.8, 72.4)
Gender

Men 155 (38%) 64 (47%)
Women 253 (62%) 72 (53%)
Performance status

0 92 (23 %) 76 (56%)
1 163 (40%) 49 (36%)
2 91 (22%) 9 (7%)
3 57 (14%) 1 (1%)
4 3 (1%) 0
Smoking status

Current 248 (61%) 85 (62%)
Former 145 (35%) 47 (35%)
Never 7 (2%) 1 (1%)
Stage of the disease

| 0 5 (4%)
Il 0 9 (7%)
1] 48 (12%) 122 (89%)
v 360 (88%) 0

PCI

No 334 (82%) 20 (15%)
Yes 74 (18%) 116 (85%)

IQR: interquartile range.

Statistical analysis

The data on baseline characteristics and treatment patterns
were summarized using frequency counts with percentages
and medians with 95% confidence intervals (Cls) [22].

All analyses were separately conducted for patients with
ED and LD since these subgroups have different survival out-
comes [23]. The median PFS and OS were estimated in
months, with a p value of <.05 considered statistically
significant.

The Cox proportional hazards regression was used to
assess the relationship between clinical parameters prior to
starting 1st line therapy and OS. In multivariable analyses, all
baseline characteristics were included. All statistical analyses
were conducted using R 3.5 (R Foundation for Statistical
Computing, Vienna, Austria).

Results
Baseline characteristics

The number of patients included in the study was 544, with
219 (40%) being males. Four hundred and eight patients
were diagnosed with ED while 136 patients had LD. The
median age at diagnosis was 70.5 years and 67.2 years for
ED and LD patients, respectively. The number of patients
with PS 0-1 was 380 (70%), while 158 subjects had PS 3-4
(29%). Baseline characteristics for the ED and, separately, for
the LD subgroup are presented in Table 1. Only eight
patients were never-smokers. A larger proportion of LD
patients had PS 0 (56%) when compared to the ED group
(23%). Some patients (n=48) with stage Il were defined as
ED, because the tumor burden was too large to be included
in a single radiation field. A small number of patients in the

ED LD
PFS 0S PFS 0S
No. (months) (months) No. (months) (months)
pts  (95% CI) (95% Cl)  pts (95% Cl) (95% Cl)
1st line 408 5.1 7.0 136 12.3 24.2
PDCT (4.8,57) (6.3,7.8) (11.3, 16.1)  (18.2, 28.9)
2nd line 106 3.2 44 49 48 8.2
(2.9,4.00 (3.2,5.5) (3.4, 5.9) (6.4, 11.3)
PDCT 90 3.7 5.2 44 48 9.0
(3.2,43) (43,6.7) (3.7, 6.1) (6.8, 11.5)
Monotherapy 16 17 2.0 5 24 4.0
(1.5,28) (15,3.2) (1.1, NA) (3.8, NA)
3rd line 23 24 2.7 21 2.6 33
(1.9,34) (24,44 (2.2, 3.2) (2.8, 7.0)
PDCT 12 3.0 3.6 9 3.2 6.1
(1.9, NA) (2.6, NA) (2.6, NA) (3.3, NA)
Monotherapy 11 24 24 12 2.2 29
(1.8, NA) (2.3, NA) (1.5, NA) (2.6, NA)

PDCT: platinum doublet chemotherapy; PFS: progression-free survival; OS:
overall survival; NA: not applicable.

LD group (n=28) received 50 Gy, delivered in 25 fractions or
60 Gy delivered in 30 fractions, once per day. The number of
patients with LD and ED SCLC receiving PCl was 116 and 74,
respectively.

Treatment patterns and outcomes for ED patients

The median PFS and OS among ED patients receiving 1st
line PDCT were 5.1 and 7.0 months, respectively. One-fourth
of the patients received a 2nd line treatment, while the rest
received BSC only. A small proportion (5%) of patients car-
ried on receiving 3rd line treatment, with a poor prognosis
independently of whether they were administered PDCT or
monotherapy (Table 2).

Patients who were not administered PCl, had a PS >3,
elevated LDH values and stage IV disease had a statistically
significantly worse prognosis in the multivariable analysis
(Table 3).

Re-challenge with PDCT for ED patients

The proportion of ED patients sensitive to PDCT in the 1st
line was 41%. The median OS from the start of 1st line for
Sr was 10.8 months and 3.6 months for the Rr subgroup. A
clear majority of patients with Rr in the 1st line received
BSC only (83%). Re-challenge with PDCT was the most com-
mon treatment option in the 2nd line for both Sr and Rr
subgroups. Median OS after start of 2nd line therapy in the
Sr and Rr groups was 10.2 and 4.4 months, respectively. In
the Rr subgroup, most patients continued having Rr (88%),
with a short median OS (3.6 months), presented in
Figure 1.

Treatment patterns and outcomes for LD patients

Patients with LD receiving CT+RT in 1st line had a median
PFS and OS of 12.3 months and 24.2 months, respectively.



ACTA ONCOLOGICA 391

Table 3. Uni- and multi-variate survival analyses for extensive disease (ED) and limited disease (LD) patients.

ED LD

Uni-variate Multi-variate Uni-variate Multi-variate
HR (95% Cl) HR (95% CI) p Values HR (95% Cl) HR (95% CI) p Values

Age 1.01 0.99 71 1.03 1.05 .36
(0.99, 1.02) (0.97, 1.02) (1.01, 1.06) (0.94, 1.17)

Gender

Women 1.0 1.0 1.0 1.0

Men 1.01 1.02 40 143 143 37
(0.82, 1.23) (0.75, 1.38) (0.98, 2.10) (0.65, 3.11)

Performance status

0 1.0 1.0 1.0 1.0

1 1.07 1.45 .26 1.28 0.93 .88
(0.84, 1.40) (0.92, 2.27) (0.85, 1.91) (0.38, 2.30)

2 1.71 1.51 13 1.52 1.07 .90
(1.28, 2.30) (0.96, 2.37) (0.72, 3.21) (0.35, 3.28)

3 3.51 2.71 .001 1.59 0.99 .99
(2.50, 4.93) (1.65, 4.46) (0.22, 11.50) (0.10, 9.35)

4 21.16 9.82 .002
(7.51, 59.65) (2.21, 43.67)

Smoking status

Current 1.0 1.0 1.0 1.0

Former 1.12 1.28 39 1.09 0.87 71
(0.91, 1.37) (0.95, 1.72) (0.73, 1.62) (0.41, 1.84)

Never 1.26 0.65 40 0.92 0.30 .36
(0.62, 2.55) (0.20, 2.12) (0.13, 6.67) (0.02, 4.04)

Lab values

Hb g/L (per 20 g/L increase) 0.93 0.95 .55 1.14 147 15
(0.83, 1.06) (0.79, 1.13) (0.86,1.50) (0.87, 2.48)

CRP mg/L (log) 1.15 1.01 .62 1.00 0.97 .86
(1.07, 1.24) (0.90, 1.14) (0.85,1.19) (0.66,1.41)

Na mmol/L (per 10 mmol/L increase) 0.95 1.07 .30 1.05 1.1 .85
(0.77, 1.16) (0.79, 1.46) (0.57,1.93) (0.39,3.15)

LDH pkat/L (log) 1.40 1.36 .01 1.54 1.03 97
(1.18, 1.67) (1.11, 1.68) (0.69,3.47) (0.30,3.55)

Albumin g/L (per 5g/L increase) 0.89 1.03 34 1.07 0.96 .90
(0.82, 0.96) (0.91, 1.16) (0.79,1.47) (0.54,1.73)

Stage of the disease

| 1.0 1.0

Il 3.04 0.96 98

(0.35, 26.08) (0.07, 12.00)

11l 0.80 0.48 .002 7.25 3.03 32
(0.59, 1.07) (0.30, 0.76) (1.01, 52.0) (0.34, 27.0)

\% 1.0 1.0

PCl

No 1 1 1 1

Yes 0.21 0.15 <.001 0.37 0.30 .07
(0.15, 0.28) (0.08, 0.27) (0.23, 0.61) (0.08, 1.10)

Cl: confidence interval; HR: hazard ratio; Hb: hemoglobin; CRP: C-reactive protein;

Overall survival was defined from start of 1st line treatment until death.

Some patients in the LD subgroup did not show signs of
relapse at the end of the study (22%). More than one-third
of the patients received 2nd line treatment, with a majority
being re-challenged with PDCT. The overall median PFS in
the 2nd line was 4.8 months, while the median OS was
8.2 months. Few patients received monotherapy in the 2nd
line, and they generally had a poor prognosis. A larger pro-
portion of patients received 3rd line therapy when compared
to the ED group, with similar median PFS/OS to the ED
group (Table 2).

In the multivariable analyses, none of the clinical factors
examined were statistically significant prognostic factors for
OS (Table 3).

Re-challenge with PDCT for LD patients

Most LD patients had Sr in the 1st line treatment (66%) with
a median OS of 20.9 months, while Rr patients had median

Na: sodium; LDH: lactate dehydrogenase; PCl: prophylactic cranial irradiation.

OS of 7.8 months. In the 2nd line, most patients were re-
challenged with PDCT, and 36% of them continued showing
Sr. The Sr patients had a median OS of 15.6 months, while Rr
patients had a median OS of 6.6 months. In the Rr subgroup,
few patients received 2nd and 3rd line treatment (Figure 2).

Discussion

The purpose of the present Swedish single center cohort
study was to analyze real-world data on SCLC treatment pat-
terns in the 1st, 2nd and 3rd line of therapy, as well as out-
comes of re-challenge with PDCT. We wanted to investigate
how patients at the Karolinska University Hospital have been
treated and compare survival outcomes with previous studies
[16,17].

Our results showed that most patients had ED at diagno-
sis, with a median PFS and OS of 5.1 and 7.0 months,
respectively. These results are similar to historical data, with
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15t Line chemotherapy

Extensive stage disease n=408

PDCT alone

Z

Sensitive Relapse (Sr)
n=169
Median 0S=10.8 months

2"d Line chemotherapy

S

Resistant relapse (Rr)
n=239
Median OS= 3.6 months

BSC n=104 PDCT n=57 Monotherapy n=8 BSC n=198 PDCT n=33 Monotherapy n=8
[ sRn=12 | [ Ren=as | [ Ren=s || sRn=4 | [ Ren=29 || Ren=s |
3'd Line chemotherapy
BSC n=50 PDCT n=8 Monotherapy n=7 BSC n=33 PDCT n=4 Monotherapy n=4

Figure 1. Treatment patterns for patients with extensive disease treated with platinum-doublet chemotherapy (PDCT alone).

1t Line chemotherapy

Limited stage disease n=136

CT+RT

~

| .

Sensitive relapse (Sr)

[ No relapse n=30 I

Resistantrelapse (Rr)

n=90

n=16

Median 05=20.9 months Median OS= 7.8 months
2"d Line chemotherapy
BSC n=47 PDCT n=39 Monotherajv n=4 BSC n=10 PDCT n=5 Monotherapy n=1
| Rrn =25 ‘ | Rrn=4 I | Srn=1 I | Rrn =4 l I Rrn=1
3'd Line chemotherapy
BSC n=25 PDCT n=9 Monotherapy n=9 BSC n=3 Monotherapy n=3

Figure 2. Treatment patterns for patients with limited disease treated with chemo- and radio-therapy (CT + RT).

a reported median OS for ED patients of 7-10 months
[1,24,25].

The median PFS for both the 2nd and 3rd line CT in the
ED subgroup was less than five months, illustrating the diffi-
culty of treating these patients beyond 1st line CT [16]. In
addition, ED patients had one to two months interval
between disease progression and time of death for each line
of CT, emphasizing a very poor prognosis when tumor pro-
gression occurs, which is in line with a previous report [24].

Both ED and LD patients receiving PDCT in 2nd line had a
longer median PFS and OS when compared to patients
treated with monotherapy, which was expected [24]. A small
number of patients with LD or ED received 3rd line CT, indi-
cating that randomized clinical trials in this setting are

difficult to conduct [16]. From our cohort, it is difficult to
make definite conclusions regarding the efficacy of each CT
used in the monotherapy setting because of small sample
sizes. However, it seems that no CT agent was superior in
the monotherapy groups for 2nd and 3rd lines in both LD
and ED patients.

A re-challenge with PDCT has been commonly used in Sr
patients, based on evidence drawn from small trials [16, 24].
In our study, 41% of the ED patients had a Sr after 1st line
PDCT, which indicates that many patients developed plat-
inum-resistance early in the course of their disease [3]. In the
re-challenged patient subgroup, there was a six months lon-
ger median OS when compared to Rr patients. For the Rr
subgroup, most re-challenged subjects continued having Rr



(88%). This shows that ED patients should be re-challenged
based on PFS after 1st line CT [4, 26].

Our results point toward the importance of an adequate
assessment of PS when evaluating treatment options for
patients with ED, as a patients with poor PS may not derive
meaningful benefit of PDCT [25]. In our analyses, a high LDH
level was an independent prognostic factor in ED patients
[21, 27]. PCl was also associated with a better prognosis in
ED patients as reported before [28]. This is expected since
only patients without rapid progression and good PS are
candidates for receiving PCl in the ED subgroup.

LD patients were treated with concurrent CT 4+ RT, with
the same radiation therapy schedule implemented through-
out the entire study period, except for very few cases. A
minority of LD patients did not show signs of relapse (22%),
which is in accordance with historical data [29,30]. The sur-
vival for LD patients receiving CT +RT in the 1st line CT was
longer when compared to certain historical data, while
shorter when compared to the Convert trial [29, 311
Increased monitoring can be crucial in SCLC, and thus may
provide better outcomes in a randomized controlled trial
when compared to the real-world setting. The median PFS
and OS for LD patients in the 2nd and 3rd line CT settings
were similar to what observed in ED, which further illustrates
the difficulty to treat patients who have progressed, regard-
less of the stage of the disease. In the LD subgroup, the
median OS for Sr was 20.9 months, when compared to
7.8 months for Rr. Most subjects with Sr were re-challenged
with PDCT, and a larger proportion had Sr when compared
with ED patients (36% vs. 26%, respectively). The Sr sub-
group had a nine months longer median OS when compared
to Rr. This illustrates that the PFS to 1st line PDCT is a pre-
dictor for survival outcomes for 2nd line CT in LD patients
[32]. One possible explanation could be that a longer period
without CT might result in a better physical condition when
relapses occur, enabling the patient to tolerate subsequent
treatments better, leading to longer survival. Another reason
could be that the tumor has not yet developed platinum-
resistance.

Our study has some limitations. First, data on tumor
response to treatment were not collected as different radio-
logical modalities were used to estimate response, and strict
evaluation criteria were not consistently implemented, intro-
ducing a considerable uncertainty on the accuracy of
response assessment. Information on adverse events was not
obtained since the retrospective nature of the study made
such data difficult to collect. The PS was based on the phys-
ician’s assessment while smoking history was from self-
reporting, which could be subject to recall bias [33]. Finally,
the results are not generalized to the subgroup of patients
who only receive BSC after being diagnosed with SCLC.

Conclusions

This is to our knowledge one of the largest real-world data
analyses to evaluate survival outcomes for 1st, 2nd and 3rd
line chemotherapy as well as re-challenge treatment in SCLC.
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The survival outcomes for LD and ED SCLC patients in the
present study correspond to historical data.
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