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Educational aims

© To describe the relevance of staging, including TNM staging

© To show the clinical relevance of paraneoplastic syndromes as a presentation of small
cell lung cancer

©® To understand the indications for prophylactic cranial irradiation

© To describe the treatment principles in small cell lung cancer with emphasis on the
relevance of staging

© To outline the second-line treatment options

Summary

Small cell lung cancers (SCLCs) account for ~15-20% of all lung cancers.
Because SCLC is almost always associated with long-term tobacco smoking,
abstinence from smoking and smoking cessation are crucial for primary
prevention. Because symptoms are generally unspecific, the disease is often
diagnosed late, with 70% of patients already in stage Illb or IV at the time of
diagnosis. Early detection of SCLC through screening is under investigation.
Chemotherapy, generally a platinum-based combination, is the mainstay of
therapy and is generally combined with radiation in the first-line treatment of
tumours up to stage Illb. Surgery has a place in the diagnosis and therapy
of stage | SCLC, but plays no key role in advanced cancer. In patients who
respond to first-line therapy, prophylactic cranial irradiation can prevent brain
metastases and improve overall survival. Although the initial response to
treatment is usually good, SCLC tends to relapse quickly. This makes second-line
therapy quite important. Topotecan is the most studied and widely used agent in
second-line therapy; however, newer agents, including biological therapies, are
under study.
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Introduction

Lung cancer is the leading cause of cancer
deaths worldwide. In Europe, 386,000 people
were diagnosed with lung cancer in 2006 and
almost the same number, 330,000 people,
died of the disease [1]. The advanced stage at
diagnosis, high rates of systemic recurrence
after surgery and resistance to systemic
therapy contribute to the high mortality of
this disease. Despite some recent advances
in the therapy of lung cancer, the overall
prognosis remains very poor, with 5-year
survival rates <20%, and the need for novel
treatment strategies remains great.

Historically, lung cancers have been cate-
gorised as small cell and non-small cell using
conventional light microscopy. Small cell lung
cancer (SCLC) accounts for ~15—20% of lung
cancer cases. This figure varies regionally, and
seems to be decreasing in many parts of the
world. Because SCLC is strongly associated
with cigarette smoking, there is great potential
to reduce its incidence through smoking
prevention.

Without treatment, SCLC is rapidly progres-
sive and fatal. It is a highly aggressive tumour
characterised by a rapid doubling time, high
growth fraction and the early development of
widespread metastases. Untreated patients with
metastatic disease survive only a few weeks.

Most patients with SCLC present with
unspecific symptoms, such as new cough, a
change in the pattern of their chronic cough
or weight loss. This delays the time to
diagnosis substantially. At the time of first
diagnosis, ~70% of patients with SCLC have
stage Illb or IV disease.

Epidemiology

SCLC occurs almost exclusively in smokers or
ex-smokers [2]. Although only 25% of all lung
cancer patients world-wide are never- or light
smokers [3], the correlation between SCLC
and smoking is especially strong, with a clear
smoking history in the vast majority (90%) of
SCLC patients [2]. The incidence of SCLC has
decreased over the past several decades.
GOVINDAN et al. [4] analysed data from the
American Surveillance, Epidemiology and
End Result (SEER) database, finding a clear
decrease in SCLC incidence from 17.26% in
1986 t0 12.95% in 2002. This observation may
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be due to the introduction of low-tar filters in
cigarettes or to a change in the demographics
of smoking. There seem to be sex-specific
factors that further increase the risk of SCLC
in female compared with male smokers.

Although smoking is the most important
risk factor for the development of SCLC, other
risk factors have been identified. The most
significant of these are work-related exposures,
such as passive smoking, asbestos, arsenic,
chrome, nickel, beryllium, cadmium, aromatic
polycarbonates and potentially diesel dust.
Passive smoking is also an important risk factor
in the private sector, especially for children.

Clinical manifestation

SCLC generally originates in the central airways,
in contrast to nonsquamous NSCLC, which is
more often found peripherally. Radiograph and
computed tomography (CT) images of SCLC
typically show a large hilar mass with mediast-
inal adenopathy. Compression of the central
airways or the superior vena may lead to post-
stenotic pneumonia or superior vena cava
syndrome, respectively. Other symptoms at
the time of presentation are less specific and
include a new cough or a change in the patients
chronic cough patterns, haemoptysis, dys-
pnoea, fatigue and “B’-symptoms, such as
weight loss, fever and night sweats. Most SCLC
patients have distant metastasis at the time of
diagnosis. The most common sites of metas-
tasis are liver, adrenal glands, bones, brain and
bone marrow. SCLC occasionally presents as a
peripheral solitary pulmonary nodule.

Paraneoplastic syndromes, especially those
causing neurological symptoms, may occur
early in the course of SCLC and in the absence
of other tumour-related symptoms.

Paraneoplastic syndromes

SCLC shows a high rate of neuroendocrine
activity and can be associated with a wide
variety of paraneoplastic syndromes, including
the syndrome of inadequate antidiuretic hor-
mone and the ectopic corticotropin syndrome
[5]- In addition to endocrine paraneoplastic
syndromes, neurological (e.g. Lambert—Eaton
syndrome), haematological and dermatologi-
cal syndromes have been described. The most
common paraneoplastic syndromes are sum-
marised in table 1.




Table 1 Paraneoplastic syndromes associated with lung cancer [5, 6]

Patients
Syndrome affected % Causative protein or antibody
Hyponatraemia/SIADH 15 Arginine vasopressin or atrial natriuretic
peptide
Ectopic corticotropin syndrome 2-5 Corticotropin
Lambert—Eaton myasthenic syndrome 3 Voltage-gated calcium channel antibody
Acromegaly <1 GHRH
Gynaecomastia <1
Hypercoagulability <1
Thrombocytosis <1
Encephalomyelitis/subacute sensory <1 Anti-Hu, amphiphysin, CV2
neuropathy
Cancer-associated retinopathy <1 Anti-recoverin
Dermatomyositis <1
Acanthosis palmaris, erythema <1

gyratum repens

Nephrotic syndrome <1

SIADH: syndrome of inadequate antidiuretic hormone;

Prognosis

Untreated SCLC is aggressive, with a median
survival of 2—4 months after diagnosis. The
prognosis correlates with the stage of disease
at presentation. In stage IV disease, overall
survival (OS) without treatment is only a few
weeks. Although SCLC generally responds well
to initial chemotherapy, resistance to chemo-
therapy almost invariably develops. Never-
theless, chemotherapy offers a clear survival
benefit compared with best supportive care
[7-9]. Patients treated for limited disease have
a median survival of 16—24 months and a 5-
year survival of 14%. Median survival in
patients treated for extensive disease is 6—
12 months, and long-term disease-free survi-
val is rare.

The SEER data analysis by GoviNDAN
et al. [4] and Ozt et al. [10] came to the
frustrating conclusion that OS in SCLC has
not changed substantially over the last
30 years. Table 2 summarises the effects of
stage at presentation and various treatment
strategies on survival.

GHRH: growth hormone-releasing hormone.

The most important prognostic factor for
OS is stage at presentation [13], followed by
performance status (Karnofsky or Eastern
Cooperative Oncology Group (ECOG) index),
weight loss, serum lactate dehydrogenase
and absolute neutrophil count [6]. Age itself
is not a prognostic factor. Prognostic scores
should be used with caution as they seldom
reflect all relevant factors, especially comor-
bidities. Although patients who relapse early
after first-line treatment have a poor prog-
nosis, those who are fit enough for further
systemic treatment do have a survival benefit
from salvage chemotherapy [14].

Staging and diagnostic
work-up

The original two-stage classification of SCLC
as limited disease (LD) or extensive disease
(ED) was developed by the Veterans’ Admini-
stration Lung Cancer Group and remains in
widespread use. As shown in table 2, LD is
used to describe tumours in which the
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Table 2 Small cell lung cancer: survival according to extent of disease at presentation [11]

modified by therapy [12]

LD: tumour limited to one
potential irradiation field

ED: not confined to one
hemithorax, malignant pleural
effusion or distant metastases

Median survival of all patients

16—24 months

6—-12 months

5-year survival of all patients 14% Rare
Supportive care 3 months 1.5 months
Single-agent chemotherapy 6 months 4 months

Combined chemotherapy

10-14 months

7-11 months

5-year survival

2-8% 0-1%

Chemotherapy plus radiation

12-16 months

7-11 months

5-year survival

LD: limited disease; ED: extensive disease.

treatment target (generally the primary tu-
mour and ipsilateral mediastinal or supracla-
vicular lymph nodes) fits into one radiotherapy
field. ED refers to a tumour not confined to
one hemithorax, or a tumour accompanied by
malignant pleural effusion or distant metas-
tases. Unfortunately, there are different ver-
sions of this system in use, which may lead to
confusion or discrepancies between centres.
Most patients have extensive disease at the
time of diagnosis.

The TNM staging system, which is well
established in non-small cell lung cancer
(NSCLC) as well as in other solid tumours,
is based on a description of the primary
tumour (T), lymph node spread (N) and
distant metastases (M) [15]. The 7th version
of the TNM staging system has been in use
since 2010 (table 3). Because TNM staging
allows for a more precise description of the
tumour burden than is possible using the
two-stage LD/ED system, it allows for more
differentiated treatment planning and trial
design. This is especially true for the multi-
modality approaches used in stages |-IlIB.
The use of TNM staging is recommended for
all patients with SCLC [15].

An appropriate diagnostic workup and
assessment of performance status is essential
prior to therapy and during follow-up. In addi-
tion to a thorough history and physical exami-
nation, the diagnostic workup includes imaging
studies (chest radiograph, CT imaging of the

m Breathe | June 2012 | Volume 8 | No 4

6-12% 0-1%

head, neck, thorax and abdomen), blood tests
(including blood count, electrolytes, markers
of inflammation and the tumour markers
pro-gastrin-releasing peptide (pro-GRP) and
neuron-specific enolase (NSE)), ECG, and
lung function. In some cases, exercise testing,
positron emission tomography (PET)-CT or
bone scintigraphy and bone marrow diagnosis
may be helpful. As some of the tumours with
endocrine activity express octreotide-recep-
tors, DOTATATE/DOTATOC-PET may be help-
ful in finding distant, active metastasis which
can then be treated with radiopharmaceuti-
cals. In general, the diagnostic workup in SCLC
should be carried out with little delay, as
therapy should start early, ideally within 7—
10 days after presentation or aggravation of
symptoms [4, 6, 16, 17].

Biology of SCLC

SCLC can be distinguished from NSCLC using
light microscopy. SCLC cells are small (only
twice the size of lymphocytes), round or oval in
form and appear bluish under light microscopy.
The size and morphology of the nucleus, as well
as the amount of cytoplasm, varies between
subtypes. The cells are arranged in clusters,
separated by fibroreticular stroma. They display
a high mitotic rate and biopsies often include
considerable numbers of necrotic cells. SCLC
cells are fragile, resulting in typical “crush




Table 3 TNM staging of lung cancer [15]

Occult carcinoma Tx No Mo
Stage o Tis
Stage IA Tia-Tib No Mo
Stage 1B T2a No Mo
Stage I1A Tia-T2a N1 Mo
T2b No Mo
Stage 1B T2b N1 Mo
T3 No Mo
Stage IlIA Tia-T3 N2 Mo
T3 N1 Mo
T4 No-N1 Mo
Stage I1IB T4 N2 Mo
Tia-T4 N3 Mo
Stage IV Any T Any N Mia or M1b

artefacts” in biopsy specimens. SCLC may
occur in combination with other histological
types of lung cancer, most commonly with
squamous cell carcinoma [18, 19].

The histopathological classification of
SCLC has been changed several times over
the past several decades. Previously micro-
scopic features were used to classify tumours
as oat cell, intermediate or combined cell
SCLC. The clinical features of these three
subgroups are similar, and all may show
neuroendocrine features. The new classifica-
tion system, which was adopted by the World
Health Organization (WHO) in 1999 (table 4)
[20] classifies SCLC as a neuroendocrine
tumour. This is clinically relevant, as para-
neoplastic neuroendocrine symptoms are
often the first sign of SCLC. Other neuroen-
docrine lung tumours include large cell
neuroendocrine carcinoma, typical and atypi-
cal carcinoid tumours, as well as diffuse
idiopathic pulmonary neuroendocrine cell
hyperplasia and tumourlets. Antigen panels
can be helpful in diagnosing SCLC. GUINEE
et al. [21] analysed open-lung biopsies (OLBs)
and transbronchial biopsies (TBBs), and were
able to show that almost all SCLCs derive
from the epithelium and can therefore be
stained with vimentin, keratin or BER-EP4

(OLB and TBB). Neuroendocrine markers are
positive in the majority of cases, and include
chromogranin A (60% OLB, 47% TBB), NSE
(60%/33%), Leu-7 (40%/21%), synaptophysin
(5%/21%). Other groups have shown positive
staining for dopa decarboxylase, calcitonin,
CDs6 (neural cell adhesion molecule), GRP,
and insulin-like growth factor-l. Although
most SCLCs express neuroendocrine mar-
kers, a lack of expression does not rule out
the diagnosis of SCLC in cases with positive
staining for epithelial markers [19, 21].

In addition to environmental risk factors,
a family history of lung cancer is associated
with an increased risk of developing SCLC.
One genetic abnormality associated with an
increased risk of SCLC was identified by
BAILEY-WILSON et al. [22], who found that that
an allelic loss in chromosome 6q correlates
with an early onset of lung cancer and a poor
prognosis.

Several important genetic and molecular
changes have been noted in SCLC, includ-
ing the identification of autocrine growth
loops, proto-oncogene activation and loss
or inactivation of tumour-suppressor genes.
Alterations in tumour-suppressor genes are
common in SCLC, and probably play a key role
in the pathogenesis of the disease. The most
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Table 4 WHO/IASLC Subtypes of neuroendocrine tumours [20]

Subtype

Characteristics

Classical SCLC

Small round, oval or spindle-shaped cells with scant

cytoplasm, ill-defined borders, finely granular nuclear
chromatin and absent or inconspicuous nucleoli. High
mitotic count. Characteristic crush phenomena due to

the soft texture of the tumour and mechanical

alterations. Histomorphological grading G1 to G4 not

applicable.

Typical/atypical carcinoid

Usually less aggressive tumour.

Large cell neuroendocrine tumour

Proliferation index relevant for classification.

Combined SCLC

Small-cell carcinoma with an additional component of

any of the histological types of NSCLC

WHO: World Health Organization; IASLC: International Association for the Study of Lung Cancer; SCLC: small cell

lung cancer; NSCLC: non-small cell lung cancer.

relevant tumour-suppressor gene alterations in
SCLC are listed in the work of JackmaN et al.
[23], and summarised in table s.

Although most patients with SCLC respond
well to initial chemotherapy, the development of
early resistance limits OS. The mechanisms of
resistance in SCLC have yet to be fully elucidated.
One theory suggests that small populations of
chemotherapy-resistant cancer stem cells repo-
pulate the tumour following chemotherapy.
There is also evidence that changes in calcium
homeostasis may play a role in the development
of resistance to chemotherapy. Further research,
including refined cancer models and the integra-
tion of translational approaches, is needed to
understand and overcome chemotherapy resis-
tance in SCLC.

Therapeutic modalities

Chemotherapy

Because of its rapid doubling time and growth
rate, SCLC is initially highly sensitive to
chemotherapy [6, 7, 16], making chemotherapy
the cornerstone of treatment. The standard
chemotherapy regimens are listed in table 6.
Although none of the standard combinations
has been shown to be superior to the others in
terms of long-term survival [9, 25], combined
chemotherapy is superior to single-agent thera-
py. This is particularly true in ED but can be
extrapolated to LD. The patient’s performance
status and the need for irradiation should be
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taken into account when planning chemother-
apy. Platinum-based combination therapies with
etoposide are at least equal to CAV with less
toxicity and less interference with irradiation.

The ACCP recommends cisplatin (60—
80 mg-m?) and etoposide (250-360 mg-m™
divided into 3—5 doses) as the standard treat-
ment arm for comparative prospective stu-
dies [26].

Unfortunately, the survival of SCLC
patients especially with extensive disease
enrolled in phase Ill trials has not improved
significantly over the years, clearly demon-
strating the need for further development of
novel targets, newer agents and comprehen-
sive patient care.

Surgery

The role of surgery in SCLC is quite limited.
Most patients present with metastatic dis-
ease and are clearly not surgical candidates.
However, even in patients with localised
tumours, the role of radical local therapy is
not clear [27, 28]. In cases in which the
diagnosis of SCLC is made intraoperatively,
for instance during the workup of a solitary
pulmonary nodule without evidence of lymph
node disease, an anatomical resection should
be carried out. In such cases, surgery may be
considered curative, but adjuvant combined
modality therapy is mandatory. Other than in
stage | disease, surgical resection offers no
clear benefit in SCLC.




Table 5 Some genetic alterations in small cell lung cancer (SCLC) [23, 24]

Gene (locus)

Alteration

Possible drug/therapeutic
targeting abnormalities

FHIT (3p14.2)

Loss (80% of SCLC)

RASSF1 (3p21.3)

Loss (>90% of SCLC)

RARB (3p24)

Loss (72% of SCLQ)

TPs53 (17p13.1)

Mutation and deletion
(>75% of SCLC)

ps53 adenoviral vector (Advexin)

c-Kit Overexpressed Tyrosine kinase inhibitor (imatinib)

Src Constitutively activated Src inhibitor (dasatinib)

c-Met Amplified, overexpressed siRNA, c-Met inhibitor SU11274

or mutated
RB1 Altered (>90% of SCLC)
PI3K/Akt/mTOR Constitutively activated PI3K inhibitor (LY294002)
mTOR inhibitor (rapamycin) and its derivatives

(CCl-779, RADoo1, AP23576)

Bcl-2 Overexpressed Antisense oligonucleotide (oblimersen sodium)
Inhibitor of Bcl-2 (ABT-737)

VEGF Overexpressed Humanised monoclonal antibody (bevacizumab)

VEGFR-2 and EGFR inhibitor (ZD6474)

FHIT: fragile histidine triad; RASSF: Ras-association domain family; RARB: retinoic acid receptor-f; TP53: tumour
protein p53; RB: retinoblastoma; PI3K: phosphoinositide 3-kinase; mTOR: mammalian target of rapamycin; Bcl: B-cell
lymphoma; VEGF: vascular endothelial growth factor; siRNA: small interfering RNA; EGFR: epidermal growth factor.

Radiotherapy

Radiotherapy has gained in importance over
the past years. The radiosensitive nature of
SCLC results in good local control in the
irradiated area, and combining irradiation with
chemotherapy further improves control over
local tumour burden. Simultaneous conven-
tional irradiation of the chest has been shown
to increase 2-year survival rates to 41%, and
irradiation twice-daily to an overall dose of
45 Gy further increased OS by 10% in 5 years
(OS rate of 26%) [29]. Parallel irradiation
starting with the first cycle of chemotherapy
was also shown to be superior to sequential
therapy [30, 31]. The use of prophylactic cranial
irradiation will be discussed later in this review.

Palliative radiotherapy is intended to reduce
pain and other symptoms. Bone metastasis
may be irradiated to reduce pain, prevent patho-
logical fractures and, in the case of vertebral
metastases, reduce the risk of instability or
spinal cord compression. Brain metastases are

irradiated to reduce symptoms and progressive
mass effect; however, the prognosis following
brain relapse, as shown in table 8, is poor even
with the integration of new approaches such as
radiosurgery [6, 12, 32].

First-line therapy

First-line therapy in stage IV (ED)

Most patients present in stage IV (ED) and
should be treated with chemotherapy. Che-
motherapy offers a clear survival benefit, from
4—6-week survival in untreated patients with
extensive disease to 12-month survival in
extensive disease with chemotherapy. The
initial rate of response to chemotherapy in
these patients is 50-80%, with complete
response rates (CR) of 15—25 %. However,
due to early relapses, long-term survival is
rare, with <5% of patients living beyond
2 years and a 5-year survival rate of just 2%.

Update on SCLC -
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Table 6 Widely used chemotherapeutic regimens with effect against small cell lung cancer [6]

322

Regimen Dosage Application Cycles/Precautions
CisEto Every 3 weeks, or after nadir,
normal renal function and diuretics
Cisplatin 80 mg-m? iv. di are mandatory
Etoposide 100 mg-m™ iv. di-d3
ACO-I after Livingston and Seeber Every 3 weeks; vincristine dosage
' . . ] has to be adjusted to age;
Adriamycin 60 mg-m iv. di >60 years reduce to 1 mg-m™
Cyclophosphamide 750 mg-m™ iv. di
Vincristine 2 mg:m™ iv. d1/d&/d16
ACE combination after Klastersky
Adriamycin 45 mg-m™ iv. di
Cyclophosphamide 1000 mg-m™ iv. di
Etoposide 8o mg:m? iv. di—d3 Every 3 weeks.

EpiCO therapy after Drings Every 3 weeks; vincristine dosage
- R ] has to be adjusted to age;
Epirubicin 70 mg'm iv. di >60 years reduce to 1 mg-m™

Cyclophosphamide 1000 mg-m? iv. di

Vincristine 2 mg-m? iv. d1/d8/d16
Carboplatin/etoposide Every 3 weeks, or after nadir,
normal renal function and diuretics
Carboplatin AUC 5 iv. d are mandatory
Etoposide 100 mg-m™ iv. di-d3
Paclitaxel/etoposide/carboplatin Every 3 weeks, steroids to prevent
] . ' anaphylactic crisis after
Paclitaxel 175 mg-m iv. for 3 h administration of paclitaxel is
dat
Carboplatin AUC 5 d4 mandatory
Etoposide I-111: 100 mg-m™ iv. da
IV: 700 mg-m™? di-d3
Cisplatin/irinotecan Atropine 0.25 mg 1/2 h before
. . . ] irinotecan s.c. Every 4 weeks and/or
Cisplatin 60 mg:m iv. d1 after nadir; diarrhoea is common
Irinotecan 60 mg-m™ iv.d1, 8,5
Topotecan (second-line)
Topotecan 1.25 mg-m with subsequent iv. d1-5 Every 3 weeks and/or after reaching

dose adjustment according to
haematological toxicity
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normal laboratory values




Table 7 Small cell lung cancer: response to
newer agents [6, 34—38]

Agent Response rate (%)
Paclitaxel 34—41
Irinotecan 47"
Topotecan 39
Docetaxel 28"
Gemcitabine 26
Vinorelbine 12.5%

72.7% first-line in
combination with
carboplatin

Bendamustine

Amrubicin 21.3" (refractory patients),

#
44" (sensitive patients)

#: previously treated patients only.

Platinum-based regimens consisting of
cis- or carboplatinum and one or two co-
chemotherapeutic drugs are the standard of
care for patients with adequate performance
status. Carboplatinum combined with etopo-
side seems to be as effective in extensive
disease as cisplatin and etoposide (PE), and
may cause fewer side effects. Carboplatin
is especially appropriate in patients with
poor prognosis/performance status or contra-
indications to cisplatin. Cyclophosphamide,

adriamycin and vincristine (CAV) was the
standard regimen before the advent of the
platinum-based therapies. Although CAV is
still in use in some areas, PE has shown similar
response rates and is generally associated with
less toxicity [6, 16]. The standard chemotherapy
regimens are listed in table 7 [6].

The American College of Chest Physicians
(ACCP) recommendation in 2007 was as
follows: ‘“Patients with extensive-stage dis-
ease should receive four to not more than six
cycles of cisplatin or carboplatin-based com-
bination chemotherapy. Cisplatin could be
combined with either etoposide or CPT-11.
(Grade of recommendation, 1B)”. CPT-11 is not
licensed for use in SCLC in Europe.

Radiation therapy is generally used for
palliation in extensive disease, with the excep-
tion of thoracic radiotherapy after complete
response outside of the chest and good
response in the chest. ACCP stated ‘“After
chemotherapy, patients achieving a CR outside
the chest and complete or partial response in
the chest can be offered consolidative TRTx in
the chest (Grade of recommendation, 2C)”. The
recommendations for prophylactic cranial irra-
diation are described below.

First-line therapy in stage I-IIIB (LD)

Only 30 % of patients have LD at the time of
diagnosis. The standard therapeutic approach
for limited disease is chemotherapy using
cisplatinum and etoposide (EP) with concur-
rent thoracic irradiation. Because EP is relatively

Table 8 Treatment of brain metastases by radiotherapy modified from [32]

Median survival

Update on SCLC -

First author [ref.] Patients n CR+PR % CR % months (range)
NUGENT [39] 68 92 3
Cox [40] 40 75 38 4 (0-21)
BAGLAN [41] 47 85 64 4
HirscH [42] 45 46

Lucas [43] 39 56 25 (1—28)
CARMICHAEL [44] 61 63 32 7 (1—18)
GIANONNE [37] VA 85 70 11 (1-24)

CR: complete response; PR: partial respose.
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well tolerated in combination with radiation, it
is preferred over CAV in this setting [45].
Chemotherapy alone does not offer good local
control, with local failure rates of 75-90%
despite good initial response rates of 80—90%.
The use of thoracic radiotherapy increases local
response. The effect of adding radiotherapy to
chemotherapy seems to be more pronounced if
radiotherapy is integrated early in the course of
the treatment [30, 46]. Hyperfractionated radio-
therapy improves survival in comparison to
conventionally fractionated radiotherapy [29].
Combined modality therapy, consisting of che-
motherapy and thoracic radiotherapy, can lead
to complete response in 50-60% of patients,
and has been shown to improve long-time
survival by 10% compared to chemotherapy
alone [30, 47].

Prophylactic cranial irradiation (PCl) (des-
cribed below) is recommended for patients who
achieve a good response following initial therapy.

Selected patients with very limited disease
may benefit from surgery. The use of adjuvant
chemotherapy following complete resection
improves OS, even in patients with very limited
disease.

Overall, with current forms of treatment,
median survival times of 16—24 months can
reasonably be expected, with 12-26% of
patients surviving beyond 5 years.

Prophylactic cranial irradiation

PCI was originally introduced in the treatment
of leukaemia, and was proposed for use in
SCLC by HANSEN [48]. It is based on the
concept that the brain is poorly accessible to
chemotherapy, and therefore a site of sanc-
tuary for cancer cells.

The goals of prophylactic cranial irradia-
tion are the prevention of brain relapse, and
therefore the avoidance of central nervous
system symptoms, the improvement of quality
of life (QoL) and the improvement of OS.
Approximately 30-40% of SCLC patients will
develop brain metastasis during the course of
their disease, often within the first year. PCl
reduces this risk to <15% and can increase OS
[49] in patients with a complete or stable
partial remission following chemotherapy. The
short-term side effects of PCl include fatigue,
loss of appetite, and transient hair loss.

Several trials have shown a survival benefit
for PCl in patients with SCLC. A meta-analysis
of PCl in patients with complete remission
after systemic treatment demonstrated a slight
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survival benefit of above 5% with PCl [42]. In
addition, a more recent phase Il trial per-
formed by SLOTMAN et al. [50] in patients with
extensive disease and performance status o—2
showed that, in patients who responded to
chemotherapy (not only patients with complete
response), PCl decreased the incidence of brain
metastases from 40.4% at 1year to 14.6%
(hazard ratio (HR) 0.27, 95% Cl 0.16-0.44;
p<0.0001) and gave a survival and sympto-
matic benefit with a 1-year survival rate of 13.3%
in the control group and 27.1% in the treated
group (HR 0.68, 95% Cl 0.52—0.88; p=0.003).

A Cochrane review showed brain metas-
tases in 29% of patients who received PCl
and 57% of patients without PCl (HR 0.38,
95% Cl 0.23—-0.64). The survival HR was 0.77

(95% CI 0.54-1.11) [51].

Relapse and further-line therapy

Despite a generally good response to initial
therapy, patients with SCLC almost invariably go
on to develop progression [6, 9, 14, 27, 28], and
should be considered for second-line chemo-
therapy. The choice of second-line chemother-
apy depends on the first-line therapy regimen,
the initial response, the time to relapse and the
overall performance status of the patient. In
general, second-line therapy is less effective
than first-line, resulting in a relatively small
survival benefit when compared with best
supportive care (5.5 versus 2.2 months). This is
particularly true in patients with early relapse or
primarily refractory/progressive or resistant dis-
ease (progression within 3 months of primary
therapy). If the remission following first-line
therapy was stable for >6 months, more
aggressive second-line therapy, even using the
systemic agents used in first-line therapy, can
be considered. In relapses with a shorter
interval, an alternative chemotherapy should
be discussed. One of the most studied options
in second-line chemotherapy is topotecan.
Topotecan is a topoisomerase-| inhibitor that
can be given orally or intravenously. In a pro-
spective study of 170 patients (73.2% in stage IV,
63.4% having received platinum-based first-line
therapy), the overall response rate was 14.1%,
with one complete remission. Moreover, 28.8%
of the patients had stable disease, with a median
duration of response of 13.6 weeks and median
survival of 23.4 weeks. In this trial, topotecan
was used with a starting dose of 1.25 mg-m™ i.v.
and dose-adjusted according to the haematolo-
gical toxicity. This reduced the haematological




toxicity significantly without impairing efficacy
[6]- In a randomised phase IlI trial, topotecan
demonstrated a survival advantage against best
supportive care [31]; and in a randomised trial
against CAV, topotecan was at least equally effec-
tive [52]. Other substances which have demon-
strated at least some efficacy in trials are listed in
table 7, and include paclitaxel, gemcitabine and
pemetrexed [17, 35, 37, 38, 43, 54].

In the setting of relapse, irradiation should
only be used to reach defined palliative goals,
such as the prevention of pathological fractures
or the treatment of brain metastases. Brain
metastases that develop after PCl should be
assessed in light of the time span after PCl and
the systemic tumour situation. Stereotactic
radiotherapy may be possible, and, in cases of
brain relapse after a longer progression-free
period, re-irradiation of the brain may be
considered. Depending on the patient’s general
medical condition, symptomatic treatment with
dexamethasone and/or systemic (chemo)ther-
apy should be considered.

Although primary chemotherapy resis-
tance can occur in SCLC, patients who do
not achieve a significant remission under first-
line therapy should be carefully considered for
alternative diagnoses, such as the presence of
combined histologies. In such cases, the SCLC
portion of the combined tumour may respond
differently than the NSCLC portion. The
presence of a second tumour should be
considered in cases of apparent relapse after
a long progression-free interval. The tumour in
question should be (re)biopsied and the
chemotherapy adjusted accordingly.

Approaches for
improvement of
systemic therapy

As OS in SCLC remains poor, efforts to improve
the effectiveness of systemic therapy have been
the focus of much attention. These approaches
involve the escalation of chemotherapy, the use
of newer chemotherapeutic agents and the
integration of targeted therapies.

Escalation of chemotherapy
Dose escalation

An escalation of chemotherapy can be achieved
by increasing the dose or by reducing the
interval between cycles. The feasibility of these

approaches is often limited by the morbidity
and mortality associated with the myelode-
pressive side-effects of chemotherapy.

The use of colony-stimulating factors
(CSFs) allows chemotherapy to be given at
higher or denser dosages. Earlier evidence
suggested that dose intensification in patients
with a good prognosis may improve survival
[55]. Unfortunately, despite higher response
rates, this strategy was not shown to signifi-
cantly improve OS [56]. In addition, there have
been some reports of harm associated with the
use of granulocyte CSF (G-CSF). The Southwest
Oncology Group reported more severe and
prolonged neutropenia and severe thrombope-
nia under G-CSF, especially in patients who
received combined-modality therapy [57].

Maintenance therapy

In contrast to recent evidence for the use of
maintenance therapy in NSCLC, this approach
is not generally accepted in the treatment of
SCLC. Studies have examined various agents
in the maintenance setting in SCLC, including
chemotherapeutics, interferon and other bio-
logical agents. Some of these trials were able
to show a progression-free survival (PFS)
benefit with maintenance therapy. For exam-
ple, the ECOG E7593 trial used topotecan (four
cycles of 1.5 mg:m™ for 5days) as switch
maintenance treatment in extensive disease
and demonstrated a difference in PFS of
1.4 months (2.3 versus 3.7 months; p<o0.001),
with no significant difference in OS (8.9 versus
9.3 months; p=0.43) [58].

A recent meta-analysis of 21 published
randomised trials (11 using chemotherapy, six
interferon and four other biological agents),
including a total of 3,688 patients, demon-
strated no overall statistical advantage in OS
(HR 0.93, 95% Cl 0.87-1.00; p=0.05) or in
PFS (HR 0.98, 95% Cl 0.91-1.06; p=0.63) [59]
with maintenance therapy. However, there was
a reduction in mortality in those studies using
chemotherapy (HR 0.89, 95% Cl 0.81-0.98;
p=o0.02) or interferon-o. (HR 0.78, 95% ClI
0.64-0.96; p=0.02). Clearly, further clarifica-
tion of the utility of maintenance therapy in
SCLC through well-designed randomised trials
to address specific questions is needed.

Newer chemotherapeutic agents

The alkaloid topotecan is a topoisomerase
inhibitor approved by the US Food and Drug
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Educational
questions

1) Standard treatment
of stage Il1A SCLC
consists of

a. Surgery

b. Radiotherapy

c. Chemotherapy

d. Chemoradio-
therapy

e. Chemoradiother-
apy and prophylactic
cranial irradiation

2) Standard treat-
ment of stage IV SCLC
consists of

a. Monochemother-
apy

b. polychemother-
apy

c. Polychemother-
apy and thoracic radio-
therapy

d. Palliative radio-
therapy

e. Polychemother-
apy and prophylactic
cranial irradiation

3) Prophylactic cranial
irradiation is indicated
a. As first step of
treatment in stage IV

SCLC

b. Only after chemo-
therapy of stage I
SCLC

c. Only after radio-
chemotherapy in stage
| — 111 SCLC with com-
plete remission

d. Only after chemo-
therapy in stage IV
SCLC with complete
remission

e. After treatment of
SCLC of stage Il — IV
with good response to
treatment
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4.)Relapse of SCLC
can be treated (two
answers are correct)
a. With reexposure
to 1*" line therapy 6
weeks after comple-
tion of 1*" line therapy
b. With topotecan
c. With reexposure
to 1*" line therapy 6
months after comple-
tion of 1*" line therapy
d. With pemetrexed
e. With erlotinib

Administration for the second-line therapy of
SCLC [45, 61]. It has also been investigated
for use as a first-line agent. Some first-line
studies have shown a slightly better OS
following cisplatin plus topotecan compared
with carboplatin plus etoposide [61, 62]. One
study in extensive disease compared cispla-
tinum and topotecan to cisplatinum and
etoposide, showing a benefit with the topo-
tecan combination (OR 55.5 versus 45.5%,
p=o0.01). Median time to progression was 7
versus 6 months (log-rank p=o0.004) and
median OS 10.5 versus 9.5 months) [63].

Irinotecan, another topoisomerase-I inhi-
bitor, has not yet found its place in the
treatment of Caucasian populations with
SCLC. In a randomised Japanese trial of 154
patients with extensive disease, irinotecan and
cisplatinum resulted in significantly better
survival than cisplatinum and etoposide [64].
This survival advantage has not been repro-
duced in trials in Caucasian populations [65,
66]. Irinotecan can be administered sequen-
tially or parallel to irradiation. It should be
avoided in patients with diarrhoea and
requires intensive patient monitoring.

The taxanes docetaxel and paclitaxel have
also been tested in SCLC. There are few data
concerning docetaxel [67]. Paclitaxel, in com-
bination with etoposide and platinum, has
given encouraging results in phase Il studies.
The data from phase Il trials is somewhat
inconsistent, and varies between trials with
cisplatinum and those with carboplatin. Two
phase Il studies comparing paclitaxel-etopo-
side—cisplatin (TEP) and EP showed compar-
able efficacy, but an increased number of
toxic deaths in the TEP arm [57, 68]. However,
a phase Il trial comparing paclitaxel/etopo-
side/carboplatin (TEC) to carboplatin/etopo-
side/vincristine (CEV) in patients with both
ED and LD showed a significant survival
benefit in favour of TEC. A median OS of
12.5 months following TEC, compared to
11.7 months in the CEV arm (HR 1.21, 95%
Cl, 1.02-1.43; p=0.030), was found [69]. The
5-year survival rates were 14% for the experi-
mental versus 6 % for the CEV arm. A sig-
nificant survival benefit was also observed
in the subgroup of patients with stage IV
disease (HR 1.27, 95% Cl, 1.00-1.60; p=
0.047). In addition, patients in the TEC arm
reported less grade 3/4 toxicity, and showed
improvements in several relevant QoL para-
meters including global overall QoL and
physical functioning [70].
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Gemcitabine is a nucleotide analogue that
disturbs protein biosynthesis by replacing
cytosine in the DNA backbone. The faulty
nucleic acid cannot be processed and apop-
tosis is induced. A study of poor prognosis
SCLC (mostly ED) showed a benefit of
cisplatinum plus gemcitabine versus cisplati-
num and etoposide plus gemcitabine, mainly
on the basis of less haematological toxicity.
Survival was similar in both arms [6, 34].

Pemetrexed is an antimetabolite with a
similar chemical structure to folic acid. It
inhibits enzymes involved in purine and
pyrimidine synthesis, and therefore interferes
with DNA synthesis. In a randomized phase Il
study in SCLC, pemetrexed was combined
with carbo- or cisplatinum, resulting in good
response rates for both arms, with fewer
grade 3—4 haematological toxicities [71].
However, a phase Ill trial comparing peme-
trexed—carboplatin with etoposide—carbopla-
tin in chemotherapy-naive patients with ED
SCLC showed pemetrexed—carboplatin to be
inferior to etoposide—carboplatin for both
OS (median 8.1 versus 10.6 months; HR 1.56,
95% Cl 1.27-1.92; log-rank p<<o.01) and PFS
(median 3.8 versus 5.4 months; HR 1.85, 95%
Cl 1.58-2.17; log-rank p<<o.01) [72].

The alkylating agent bendamustine is best
known for its use in haematological malig-
nancies; however, it also has demonstrated
efficacy in SCLC. A phase Il trial in combina-
tion with carboplatin in patients with extensive
disease showed good tolerability and activity
comparable with that of other platinum-based
regimens [36].

The anthracycline amrubicin has been
licensed for use in SCLC in Japan since 2002.
Amrubicin acts by inhibiting topoisomerase Il,
and is often compared with the topoisomerase
| inhibitor topotecan in clinical trials [54]. The
efficacy of amrubicin in Caucasian patients
remains unclear, a difference which may be
due to ethnic variations in enzymatic metabo-
lism [73]. There are phase Il data in both
second-line [37, 38] and first-line in Caucasian
patients with extensive disease [74]. One
randomised trial in second-line therapy, which
compared amrubicin to topotecan, has been
presented in abstract form [75] and appears to
suggest activity in Caucasian patients.

Targeted therapies

New targets for systemic therapy at the genetic
level offer the hope of improved survival. The




enthusiasm for targeted therapies in SCLC has
been fuelled by successes in other areas of
oncology, including the treatment of NSCLC.

However, positive trial results in SCLC
have been relatively sparse, and currently only
a few novel agents continue to show promise
in SCLC. Nevertheless, improvements in our
understanding of tumour biology and efforts
to integrate targeted therapies in the treatment
of SCLC have the potential to improve patient
survival [76]. As targetted therapies remain
experimental in SCLC, they have to be tested in
an appropriate window of opportunity and are
often combined with conventional cytotoxic
chemotherapy.

The most promising agents are listed
here. However, it should be emphasised that
there are currently no phase Il data showing
a benefit with these targeted agents in SCLC.
Further trials and new combinations are
certainly necessary.

Mammalian target of rapamycin inhibitors

Rapamycin, also known as Sirolimus, is an
immune modulator normally used in trans-
planted patients to reduce organ rejection.
Blocking mammalian target of rapamycin
(mTOR) blocks the translation of cell cycle-
regulating genes and is, therefore, antiproli-
ferative and also antiangiogenic.

Vascular endothelial growth factor inhibitors

Vascular endothelial growth factor (VEGF) is
a potent endothelial promoter of neoangio-
genesis.

Bevacizumab

A monoclonal antibody against VEGF, bev-
acizumab, has been tested in combination
with chemotherapy (irinotecan and carbopla-
tin) and as continuation maintenance ther-
apy, showing PFS at 1year in 63% and at
2 years in 54% of patients.

Tyrosine kinase and tyrosine kinase receptor
inhibitors

Tyrosine kinases (TKs) are enzymes that
catalyse the phosphorylation of tyrosine
residues, and can be divided into receptor-
coupled TKs and cellular or nonreceptor TKs.
They are involved in cellular signalling path-
ways, and regulate cell growth, proliferation,
differentiation and antiapoptotic signalling.

Unregulated activity seems to be a hallmark
of many cancer cells [77, 78].

Imatinib

Imatinib is a small-molecule inhibitor of
several TKs, including c-Kit (CD11y), and
has shown considerable effect in patients
with chronic myeloid lymphoma. Because
SCLC cells also can show CD117 positivity,
they may provide a target for imatinib.
Unfortunately, clinical data have not shown
much promise for imatinib in this setting [79].

Matrix metalloproteinase inhibitors

Matrix metalloproteinases (MMPs) are zinc
metalloendopeptidases and belongs to the
MB clan of metallopeptidases, which are
enzymes capable of degrading the extracel-
lular matrix. They are involved in physiologi-
cal and pathological processes, including
tumour growth and migration. Recent studies
have not shown a benefit for the use of MMP
inhibitors in the treatment of SCLC [80].

Vaccine therapy

SCLC cells display antigens that distinguish
them from normal cells. Kruc et al. [81]
reported on an anti-idiotype vaccine against
the GD3 ganglioside and BEC-2. The vaccines
were tested in a phase Ill trial in 2004.
Unfortunately, there was no survival benefit
with these immune therapies compared with
standard multimodality therapy.

Antisense oligonucleotides

This new approach targets specific RNA
sequences and interferes in protein expres-
sion at the level of mRNA translation.
Oblimersen is an antisense nucleotide cur-
rently under investigation. Because tumour
cells often show increased activity of the
antiapoptotic B-cell ymphoma protein (Bcl)-2
compared with proapoptic Bax (Bcl-2-asso-
ciated X), blocking Bcl-2 should reactivate
physiological cell cycle regulation and sensi-
tise tumour cells for chemotherapy. Bcl-2 may
also play a role in triggering tumour resis-
tance against chemotherapy [82].

Conclusion

The prognosis of SCLC has not improved
significantly over the past decades. This seems
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to be due in part to the biology of the tumour
and its rapid development of resistance to
conventional systemic treatments. For this
reason, there is much interest in the integra-
tion of biology in clinical trials, including
targeted therapies and stem cell approaches.

Outside of trials, treatment should be
guided by algorithms based on exact staging
of the tumour, taking individual patient factors
into account. In stage I-lll, a multimodality
approach including PCl should be used. In

Key points

stage 1V, systemic therapy, with PCl in respon-
ders, is recommended. The intensity of systemic
treatment in stage IV depends on the clinical
situation and individual patient prognosis. In
second-line therapy, the choice of systemic
treatment depends on the progression-free
interval following first-line treatment.

Treatment in centres with ready access to
respiratory physicians, thoracic oncologists,
thoracic surgeons, radiation oncologists and
palliative care is recommended.

Systemic treatment improves the prognosis of patients with small cell lung cancer.
The treatment of small cell lung cancer depends on the extent of disease and the

performance status at presentation.

Paraneoplastic syndromes can be the first sign of small cell lung cancer.
In patients who respond to first-line treatment, prophylactic cranial irradiation should be

considered.

References

1. Ferlay J, Autier P, Boniol M, et al. Estimates of the
cancer incidence and mortality in Europe in 2006.
Ann Oncol 2007; 18: 581-592.

2. Ettinger DS. Changing face of small-cell lung cancer:
real and artifact. J Clin Oncol 2006; 24: 4526-4527.

3. Sun S, Schiller JH, Gazdar AF. Lung cancer in never
smokers — a different disease. Nature Reviews Cancer
2007; 7: 778-790.

4. Govindan R, Page N, Morgensztern D, et al.
changing epidemiology of small-cell lung cancer in
the United States over the last 30 years: analysis of
the surveillance, epidemiologic, and end results
database. | Clin Oncol 2006; 24: 4539—4544.

5. Gandhi L, Johnson BE. Paraneoplastic syndromes
associated with small cell lung cancer. J Natl Compr
Canc Netw 2006; 4: 631-638.

6. Huber RM, , ed. Manual Tumoren der Lunge und des
Mediastinums des Tumorzentrum Miinchen [Manual
tumours of the lung and the mediastinum. Tumour
centre Munich]. Munich, W. Zuckschwerdt Verlag
Miinchen, 2011.

7. Socinski MA, Bogart JA. Limited-stage small-cell lung
cancer: the current status of combined-modality
therapy. J Clin Oncol 2007; 25: 4137—4145.

8. Spiro SG, Porter JC. Lung cancer—where are we
today?: current advances in staging and nonsurgical
treatment. Am J Respir Crit Care Med 2002; 166:
1166-1196.

9. Dsterlind K. Chemotherapy in small cell lung cancer.
Eur Respir | 2001; 18: 1026—-1043.

10. Oze |, Hotta K, Kiura K, et al. Twenty-seven years of
phase iii trials for patients with extensive disease
small-cell lung cancer: disappointing results. PLoS
ONE 2009; 4: €7835.

11. National Cancer Institute, National Institutes of
Health. Physicians data query (PDQ): General
Information About Small Cell Lung Cancer. http://

m Breathe | June 2012 | Volume 8 | No 4

lungcancer.about.com/gi/o.htm?zi=1/X)&zTi=
1&sdn=lungcancer&cdn=health&tm=56&f=
00&tt=12&bt=1&bts=1&st=11&zu=http%3A//
www.cancer.gov/cancertopics/pdg/treatment/
small-cell-lung/healthprofessional Date last updated:
October 28, 2011.

12. lhde DC. Chemotherapy of lung cancer. N Engl | Med
1992; 327: 1434-1441.

13. Paesmans M, Sculier |P, Lecomte }, et al. Prognostic
factors for patients with small cell lung carcinoma:
analysis of a series of 763 patients included in 4
consecutive prospective trials with a minimum
follow-up of 5 years. Cancer 2000; 89: 523-533.

14. Ferraldeschi R, Baka S, Jyoti B, et al. Modern
management of small-cell lung cancer. Drugs 2007;
67: 2135-52.

15. Edge SB, Byrd DR, Compton CC, et al., eds. AJCC
Cancer Staging Manual. 7th edition, New York:
Springer, 2010.

16. Murray N, Turrisi AT IlI. A review of first-line
treatment for small-cell lung cancer. J Thorac Oncol
2006; 1: 270-278.

17. Cheng S, Evans WK, Stys-Norman D, et al.
Chemotherapy for relapsed small cell lung cancer: a
systematic review and practice guideline. J Thorac
Oncol 2007; 2: 348-354.

18. Moran C, Suster S. Neuroendocrine carcinomas
(carcinoid, atypical carcinoid, small cell carcinoma,
and large cell neuroendocrine carcinoma): current
concepts. Hematol Oncol Clin North Am 2007; 21:
395-407.

19. Przygodzki M, Finkelstein SD, Langer |C, et al.
Analysis of pg3, K-ras-2, and C-raf-1 in pulmonary
neuroendocrine tumors. Correlation with histological
subtype and clinical outcome. Am J Pathol 1996; 148:

1531-1541.




20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35-

36.

37-

38.

39.

Junker K, Wiethege T, Mueller KM. Pathology of
small-cell lung cancer. J Cancer Res Clin Oncol 2000;
126: 361-368.

Guinee DG |Jr, Fishback NF, Koss MN, et al. The
spectrum of immunohistochemical staining of small-
cell lung carcinoma in specimens from transbron-
chial and open-lung biopsies. Am J Clin Pathol 1994;
102: 406—414.

Bailey-Wilson JE, Amos Cl, Pinney SM, et al. A major
lung cancer susceptibility locus maps to chromo-
some 6q23-25. Am | Human Genetics 2004; 75:
460-474.

Jackman DM, Johnson BE. Small-cell lung cancer.
Lancet 2005; 366: 1385-1396.

Sato M, Shames DS, Gazdar AF, et al. A translational
view of the molecular pathogenesis of lung cancer.
J Thorac Oncol 2007; 2: 327-343.

Laskin V, Sandler A, Johnson DH. An advance in
small-cell lung cancer treatment—more or less. | Nat/
Cancer Inst 2003; 95: 1099—1101.

Simon GR, Turrisi A. Management of small cell lung
cancer: ACCP evidence-based clinical practice
guidelines. Chest 2007; 132: 324-339.

Seidenfeld J, Samson D), Bonnell CJ, et al. Manage-
ment of small cell lung cancer. Evid Rep Technol
Assess 2006; 143: 1-154.

Lam WK, Watkins DN. Lung cancer: future direc-
tions. Respirology 2007; 12: 471—477.

Turrisi AT, Kim K, Blum R, et al. Twice-daily
compared with once-daily thoracic radiotherapy in
limited small-cell lung cancer treated concurrently
with cisplatin and etoposide. N Engl | Med 1999; 340:
265-271.

Takada M, Fukuoka M, Kawahara M, et al. Phase IlI
study of concurrent versus sequential thoracic
radiotherapy in combination with cisplatin and
etoposide for limited-stage small-cell lung cancer:
results of the Japan Clinical Oncology Group Study
9104. J Clin Oncol 2002; 20: 3054—3060.

Fried DB, Morris DE, Poole C, et al. Systematic
review evaluating the timing of thoracic radiation
therapy in combined modality therapy for limited-
stage small-cell lung cancer. J Clin Oncol 2004; 22:
4837-4845.

Kristjansen P, Hansen H. Prophylactic cranial
irradiation in small cell lung cancer — an update.
Lung Cancer 1995; 12: Suppl. 3, S23-S40.

Harding R, Murtag F. Palliative care for management
of small-cell lung cancer. Lancet 2006; 367: 474—4.
Ihde DC, Glatstein E, Pass HI. Cancer: Principles and
Practice of Oncology. 5th Edn, New York: Lippincott
Williams and Wilkins, 1997.

Furuse K, Kubota K, Kawahara M, et al. Phase I study
of vinorelbine in heavily previously treated small cell
lung cancer. Japan Lung Cancer Vinorelbine Study
Group. Oncology 1996; 58: 169—172.

Koster W, Heider A, Niederle N, et al. Phase Il trial
with carboplatin and bendamustine in patients with
extensive stage small-cell lung cancer. J Thorac
Oncology 2007; 2: 312—316.

Ettinger DS, Jotte R, Lorigan P, et al. Phase Il study of
amrubicin as second-line therapy in patients with
platinum-refractory small-cell lung cancer. J Clin
Oncol 2010; 28: 2598-2603.

Jotte R, Conkling P, Reynolds C, et al. Randomized
phase Il trial of single-agent amrubicin or topotecan
as second-line treatment in patients with small-cell
lung cancer sensitive to first-line platinum-based
chemotherapy. J Clin Oncol 2011; 29: 287-293.
Nugent JL, Bunn PA, Matthews M, et al. CNS
metastases in small cell bronchogenic carcinoma:
Increasing frequency and changing pattern with
lengthening survival. Cancer 1976; 44: 1885-1893.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55-

56.

57-

Cox JD, Komaki R, Byhardt RW, et al. Results of whole
brain irradiation for metastases from small cell
carcinoma of the lung. Cancer Treat Rep 1980; 64:
957-961.

Baglan RJ, Marks JE. Comparison of symptomatic
and prophylactic irradiation of brain metastases from
oat cell carcinoma of the lung. Cancer 1981; 47: 41—
45.

Hirsch FR, Paulson OB, Hansen HH, et al.
Intracranial metastases in small cell carcinoma of the
lung: correlation of clinical and autopsy findings.
Cancer 1982; 50: 2433—2437.

Lucas CF, Robinson P, Hoskin PJ, et al. Morbidity of
cranial relapse in small cell lung cancer and the
impact of radiation therapy. Cancer Treat Rep 1986;
70: 565-570.

. Carmichael J, Crane JM, Bunn PA, et al. Results of

therapeutic cranial irradiation in small cell lung
cancer. Int | Radiat Oncol Biol Phys 1988; 14: 455—459.
Giannone L, Johnson DH, Hande KR, et al. Favorable
prognosis of brain metastases in small cell lung
cancer. Ann Int Med 1987; 106: 386-389.

Jassem ). The role of radiotherapy in lung cancer:
where is the evidence? Radiother Onc 2007; 83:
203-213.

Pignon JP, Arriagada R, Ihde DC, et al. A meta-analysis
of thoracic radiotherapy for small-cell lung cancer.

N Engl | Med 1992; 327: 1618-1624.

Hansen HH. Should initial treatment of small cell
carcinoma include systemic chemotherapy and brain
irradiation. Cancer Chemother Rep 1973; 4: 239—241.
Auperin A, Arriagada R, Pignon JP, et al. Prophylactic
cranial irradiation for patients with small-cell lung
cancer in complete remission. Prophylactic Cranial
Irradiation Overview Collaborative Group. N Engl |
Med 1999; 341: 476-484.

Slotman B, Faivre-Finn C, Kramer G, et al.
Prophylactic cranial irradiation in extensive small-cell
lung cancer. N Engl | Med 2007; 357: 664—672.
Prophylactic Cranial Irradiation Overview
Collaborative Group. Cranial irradiation for prevent-
ing brain metastases of small cell lung cancer in
patients in complete remission. Cochrane Database
Syst Rev 2000; 4: CD0o02805.

Von Pawel J, Schiller JH, Shepherd FA, et al.
Topotecan versus cyclophosphamide, doxorubicin,
and vincistin for the treatment of recurrent small cell
lung cancer. J Clin Oncol 1999; 17: 658.

Kwong MS, Bleickardt E, Murren JR. Camptothecin
and taxane regimens for small-cell lung cancer.
Oncology 2002; 16: Suppl 9., 33-38.

Kimura T, Kudoh S, Hirata K. Review of the
management of relapsed small-cell lung cancer with
amrubicin hydrochloride. Clin Med Insights Oncol
2011; 5! 23-34.

Thatcher N, Girling D), Hopwood P, et al. Improving
survival without reducing quality of life in small-cell
lung cancer patients by increasing the dose-intensity
of chemotherapy with granulocyte colonystimulating
factor support: results of a British Medical Research
Council multicenter randomized trial. J Clin Oncol
2000; 18: 395—404.

Ardizzoni A, Tjan-Heijnen VCG, Postmus PE, et al.
Standard versus intensified chemotherapy with gran-
ulocyte colony-stimulating factor support in small-
cell lung cancer: A prospective European
Organization for Research and Treatment of Cancer—
Lung Cancer Group phase Ill trial - 08923. J Clin
Ornicol 2002; 20: 3947-3955.

Niell HB, Herndon JE II, Miller AA, et al. Randomized
phase Ill intergroup trial of etoposide and cisplatin
with or without paclitaxel and granulocyte colony-
stimulating factor in patients with extensive-stage

Update on SCLC -

Breathe | June 2012 | Volume 8 | No 4 m




- Update on SCLC

Suggested
answers

1. e
2. e.
3. e.
4. b and c.

58.

59-

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

small-cell lung cancer: Cancer and Leukemia Group B
Trial 9732. J Clin Oncol 2005; 23: 3752-3759.

Schiller JH, Adak S, Cella D, et al. Topotecan versus
observation after cisplatin plus etoposide in
extensive-stage small-cell lung cancer: E7593 — a
phase 11l trial of the Eastern Cooperative Oncology
Group. J Clin Oncol 2001; 19: 2114-2122.

Rossi A, Garassino MC, Cinquini M, et al. Mainte-
nance or consolidation therapy in small-cell lung
cancer: a systematic review and meta-analysis. Lung
Cancer 2010; 70: 119—128.

Huber RM, Reck M, Gosse H, et al. Efficacy of a
toxicity-adjusted topotecan therapy in recurrent small
cell lung cancer. Eur Respir | 2006; 27: 1183-1189.
Ardizzoni A. Topotecan in the treatment of recurrent
small cell lung cancer: an update. Oncologist 2004; 9:
4-13.

Tiseo M, Ardizzoni A. Current status of second-line
treatment and novel therapies for small cell lung
cancer. | Thorac Oncol 2007; 2: 764—772.

Heigener DF, Freitag L, Eschbach C, et al. ABC Study
Group (2008) topotecan/cisplatin (TP) compared to
cisplatin/etoposide (PE) for patients with extensive
disease-small cell lung cancer (ED- SCLC): final
results of a randomised phase Il trial. J Clin Oncol;
26: Suppl., 7513.

Noda K, Nishiwaki Y, Kawahara M, et al. Irinotecan
plus cisplatin compared with etoposide plus cisplatin
for extensive small-cell lung cancer. N Engl | Med
2002; 346: 85-91.

Zatloukal P, Cardenal F, Szczesna A, et al. A multi-
center international randomized phase 11l study
comparing cisplatin in combination with irinotecan
or etoposide in previously untreated small-cell lung
cancer patients with extensive disease. Ann Oncol
2010; 21: 1810-1816.

Hanna N, Bunn PA, Langer C, et al. Randomized
phase IlI trial comparing irinotecan/cisplatin with
etoposide/cisplatin in patients with previously
untreated extensive-stage disease small-cell lung
cancer. | Clin Oncol 2006; 24: 2038—2043.

Smyth JF, Smith IE, Sessa C, et al. Activity of
docetaxel (taxotere) in small cell lung cancer. Eur J
Cancer 1994; 30: 1058—1060.

Mavroudis D, Papadakis E, Veslemes M, et al. A
multicenter randomized clinical trial comparing
paclitaxel—cisplatin—etoposide versus cisplatin—
etoposide as first-line treatment in patients with
small-cell lung cancer. Ann Oncol 2001; 12: 463-70.
Reck M, von Pawel |, Macha HN, et al. Randomized
phase Il trial of paclitaxel, etoposide, and carbopla-
tin versus carboplatin, etoposide, and vincristine in
patients with small-cell lung cancer. J Natl Cancer Inst
2003; 95: 1118-1127.

m Breathe | June 2012 | Volume 8 | No 4

0.

72.

73.

74.

75-

76.

77-

78.

79-

8o.

81.

82.

Reck M, von Pawel |, Macha HN, et al. Efficient
palliation in patients with small-cell lung cancer by a
combination of paclitaxel, etoposide and carboplatin:
quality of life and 6-years’-follow-up results from a
randomised phase Il trial. Lung Cancer 2006; 53:
67-75.

. Socinski MA, Weissman C, Hart LL, et al. Randomized

phase Il trial of pemetrexed combined with either
cisplatin or carboplatin in untreated extensive-stage
small-cell lung cancer. J Clin Oncol 2006; 24: 4840-4847.
Socinski MA, Smit EF. Phase Il| study of pemetrexed
plus carboplatin compared with etoposide plus
carboplatin in chemotherapy-naive patients with
extensive-stage small-cell lung cancer. J Clin Oncol
2009; 27: 4787-4792.

Ettinger DS. Amrubicin for the treatment of small cell
lung cancer: does effectiveness cross the Pacific?

J Thoracic Oncol 2007; 2: 160-165.

O’Brien M, Jassem |, Lorigan P, et al. Randomized
phase Il study (EORTC 08062) of amrubicin as single
agent or in combination with cisplatin versus
etoposide-cisplatin as first-line treatment in patients
with extensive disease small cell lung cancer. J Clin
Oncol 2010; 28: Suppl., 7052.

Jotte R, von Pawel J, Spigel DR, et al. Randomized
phase Ill trial of amrubicin versus topotecan (Topo) as
second-line treatment for small cell lung cancer
(SCLC). J Clin Oncol ASCO Meeting Abstracts 2011; 29:
7000.

Blackhall F, Papakotoulas Pl, Danson S, et al. Per-
spectives on novel therapies for bronchial carcinoma.
Expert Opin Pharmacother 2005; 6: 1157-1167.
Fischer B, Marinov M, Arcaro A. Targeting receptor
tyrosine kinase signalling in small cell lung cancer
(SCLC): what have we learned so far? Cancer Treat Rev
2007; 33: 391—406.

Levitzki A, Gazit A. Tyrosine kinase inhibition: an
approach to drug development. Science 1995; 267:
1782-1788.

Spigel DR, Hainsworth |D, Simons L, et al.
Irinotecan, carboplatin, and imatinib in untreated
extensive-stage small-cell lung cancer: a phase |l trial
of the Minnie Pearl Cancer Research Network.

J Thorac Oncol 2007; 2: 854—861.

Krug LM, Ragupathi G, Hood C, et al. Vaccination of
patients with small-cell lung cancer with synthetic
fucosyl GM-1 conjugated to keyhole limpet hemo-
cyanin. Clin Cancer Res 2004; 10:

6094—-6100.

Blackhall F, Shepherd F. Small cell lung cancer and
targeted therapies. Curr Opin Oncol 2007; 19:
103-108.

Board RE, Thatcher N, Lorigan P. Novel therapies for
the treatment of small-cell lung cancer: a time for
cautious optimism? Drugs 2006; 66: 1919—1931.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




