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Background: Lung cancer is a public health problem worldwide. Small-cell lung cancer (SCLC) is the most aggressive
histologic type, with a 5-year survival <10%. SCLC is closely associated with tobacco consumption and infrequent in
never-smokers. We aim to describe SCLC characteristics in never-smokers recruited in a radon-prone area.

Patients and methods: We designed a multicentric case series where SCLC cases were recruited consecutively following
histologic confirmation. Detailed information was obtained for indoor radon exposure, occupation and environmental
tobacco smoke. We also collected different clinical characteristics such as extended or limited disease at diagnosis.
Results: We recruited 32 never-smoking SCLC cases. Median age was 75 years and 87.5% were women; 47% had
extended disease. Median radon concentration was 182 Bg/m>. There were no statistically significant differences in
residential radon concentration neither regarding age at diagnosis nor regarding sex. The most frequent symptoms
were constitutional syndrome (23.1%) and coughing (23.1%). As much as 63% of cases had an Eastern Cooperative
Oncology Group Study (ECOG) status of 0-2. The 1- and 2-year survival rates were 34.4% and 21.9%, respectively.
The 2-year survival rate with a localized tumor was 26.7%, compared with 18.8% for extended disease.

Conclusions: These results show, for the first time, that indoor radon might not be associated with SCLC characteristics
at diagnosis in never-smokers, and also confirms the low survival of this aggressive type of lung cancer also for never-

smokers.
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INTRODUCTION

Small-cell carcinoma (SCLC) represents ~ 15% of all cases of
lung cancer® and is the histologic type most closely linked to
tobacco consumption, being a very rare tumor in never-
smokers.” The incidence of microcytic lung cancer could be
decreasing given the progressive abandonment of the habit
of smoking in developed countries.® SCLC is also the his-
tologic type with the poorest prognosis, with a 5-year sur-
vival rates of 10% in patients with a localized tumor and
4.6% when the disease has spread.” It is a tumor derived
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from neuroendocrine cells characterized by its fast growth
and a good initial response to treatment, although it de-
velops resistance after some time. Recent research on 5632
SCLC cases, including 100 never-smokers, has found signif-
icant differences regarding age distribution and gender
between smokers and never-smokers, as well as differences
in their mutational profiles.*>

Indoor radon exposure is the second risk factor for lung
cancer worldwide and the first for never-smokers.® The link
between the exposure to indoor radon and the risk of
developing SCLC has been assessed by different studies and
a recent systematic review seems to confirm this relation-
ship.” Some papers published on this topic include a sub-
analysis by histologic type showing that SCLC could be the
type with the closest association to radon exposure.*®
Nonetheless, the majority of SCLC cases included in these
studies were ever-smokers, given its low incidence in never-
smokers. It is estimated that only 2.5% of SCLC cases are
diagnosed in never-smokers,®° even though some studies
carried out in Asia reveal a greater incidence on cases from
eastern Asia (13%-22.6%).'"*
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The risk factors for SCLC in never-smokers are little
known but it is thought that exposure to environmental
tobacco smoke, some work-related fumes, and indoor
radon could be contributing factors. In a study including 19
never-smokers published by our group in 2016,"* the
characteristics of this disease were analyzed in relation to
exposure to indoor radon. The study was carried out in a
radon-prone area and it was observed that radon concen-
trations in these cases were higher than those found in
healthy controls in the same geographical area. Neverthe-
less, available scientific evidence on microcytic cancer is
scarce in never-smokers and studies with a larger sample
size are needed. Therefore, we decided to continue the
recruitment of these patients to have a wider picture of
their characteristics with a higher sample size.

The main objective of this study is to expand existing
available information about SCLC in never-smokers, with a
special focus on exposure to indoor radon.

MATERIALS AND METHODS

Design and settings

We selected all diagnosed cases of SCLC in never-smokers
included in several multicentric case—control studies on
radon and lung cancer (LCRINS,**** Small Cell*> and DNA-
Repair). Cases were recruited from January 2011 to
September 2019 from 11 hospitals in the Northwest of
Spain, six of them in Galicia, an area with a high radon
exhalation rate.

All consecutive SCLC cases diagnosed in never-smokers at
the participating hospitals were included, all of which had
pathological confirmation of diagnosis. Participants were
never-smokers according to the World Health Organization’s
definition: individuals who smoked (a) <100 cigarettes in
their lifetime or (b) never as much as one cigarette per day
during a consecutive period of 6 months. Participants were
>30 years of age and with no cancer history. All studies
have been approved by the corresponding Ethics Research
Committees and all participants have provided written
informed consent.

Data collection

All participants were interviewed by trained investigators
using a specific questionnaire. They were asked about
different aspects of their lifestyle, including exposure to
environmental tobacco smoke, leisure time activities,
occupational exposure, and characteristics related to their
dwellings and radon exposure. Participants’ electronic
medical records were checked to identify their symptoms at
the onset of the disease, to review the disease stage at
diagnosis (limited or extended), according to the Interna-
tional Association for the Study of Lung Cancer (IASLC)
classification,*® and to calculate survival after diagnosis.
Performance status was assessed for all patients at diag-
nosis using the Eastern Cooperative Oncology Group Study
(ECOG) Performance Status Scale.”
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Residential radon measurements were obtained at the
participants’ dwelling by placing a radon detector for a
minimum of 3 months, mainly in the master bedroom.
Participants were given written instructions on how to place
radon devices, including a descriptive picture showing
where the device should be placed. They also received a
prepaid and easy-to-seal envelope in order to send back the
detector after the end of the 3-month measurement period.
Participants were phoned twice by researchers, the first
time to check that they had no queries and the detector
had been placed and the second to remind them to send
back the detector. Once received, devices were read at the
Galician Radon Laboratory, one of the three Spanish labo-
ratories certified by the National Accreditation Entity
(ENAC), according to international standards. All partici-
pants were informed of the results obtained.

Statistical analysis

We performed a descriptive analysis to characterize the
clinical characteristics of small-cell lung cancer (SCLC) cases.
Median residential radon concentrations were calculated
for all cases, it was considered whether SCLC was limited or
extended at diagnosis, and differences by sex and age dis-
tribution, broken down by exposure to indoor radon, were
analyzed. We also assessed the survival of these patients
using Kaplan—Meier analysis and we broke down results by
extension at diagnosis. The analysis was performed with
IBM SPSS Statistics for Windows (version 22.0; IBM Corp,
Armonk, NY).

RESULTS

A total of 32 never-smokers with SCLC were included, of
which eight patients (25%) had been exposed to environ-
mental tobacco smoke in their home. Median age was 75
years (interquartile range [IQR] 69-80). Of the total study
population, 87.5% were women, whose main occupations
were housewife and agricultural worker. All cases presented
a low educational level, limited to primary schooling. In 47%
of cases (15 patients), the disease had spread (TNM stage
IV)*® at the time of diagnosis and five of them (15.6%)
presented brain metastasis. Median radon concentration
was 182 Bg/m?> (IQR 82-234), ranging between 25 and 1.430
Bg/m>, and the median number of years residing in the
home where measurements were taken was 43 (IQR 25-54).
Table 1 presents a description of included patients. There
were no statistically significant differences in radon con-
centration in the home neither regarding age at diagnosis,
as presented in Figure 1, nor regarding sex (P = 0.311).
Information about symptoms at diagnosis was available
for 26 patients. The most frequent symptoms were consti-
tutional syndrome (23.1%) and coughing (23.1%), followed
by hemoptysis (15.4%), dyspnea (11.5%), and thoracic pain
(7.7%). Three patients were asymptomatic at the moment
of diagnosis, one presented a superior cava vein syndrome
and another displayed symptoms secondary to metastasis.
With regard to performance status at the time of diagnosis
(ECOG), 63% of cases were at ECOG status 0-2 and 30.7% at
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Table 1. Description of cases
Patients Value
Sex, n (%)
Male 4 (12.5)
Female 28 (87.5)
Age (years)
Median 75
Pys-Pys 69-80
Education, n (%)
No formal studies 15 (46.9)
Primary education 17 (53.1)
Radon concentration (Bg/m?3)
Median 182
Pys-Pys 85-234
Range 25-1430
Stage of disease, n (%)
Limited 17 (53)
Extended 15 (47)
Environmental Tobacco Smoke exposure at home, n (%)
Yes 8 (25)
No 24 (75)
Time living in the same dwelling (years)
Median 43
P2s-P7s 25-54
Occupation, n (%)
Agriculture 12 (37.5)
Housewife 10 (31.2)
Cleaner 4 (12.5)
Factory 3 (9.4)
Others 3 (9.4)

ECOG status 3-4, without significant differences in relation
to stage at diagnosis. Table 2 shows the frequency of pri-
mary symptoms and ECOG status regarding the extent of
the disease at the time of diagnosis.

One-year survival was 34.4%, and 21.9% for 2 years. With
regard to the stage of the tumor at diagnosis, 1-year sur-
vival with a localized tumor was 46.7% and 26.7% for 2
years, compared with 25% and 18.8% in patients on whom
the disease had spread, respectively.

No significant differences were found for survival in
relation to exposure to a concentration of radon over or
below 200 Bq/m3 (P = 0.369). Table 3 shows survival
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Figure 1. Indoor radon concentration and age at diagnosis. Circles belong to
outliers.
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Table 2. Main symptoms and ECOG status
Symptoms Limited Extended
disease, n (%) disease, n (%)

Constitutional syndrome 2 (14.3) 4 (33.3)
Cough 4 (28.6) 2 (16.7)
Hemoptysis 2 (14.3) 2 (16.7)
Dyspnea 2 (14.3) 2 (16.7)
Chest pain 2 (14.3) 1(8.3)
Asymptomatic 1(7.1) 2 (16.7)
Metastatic disease 0 (0.0) 1(8.3)
Superior cava vein syndrome 1(7.1) 0 (0.0)
ECOG status

0 5 (37.5) 3 (23.1)

1 4 (28.6) 6 (46.2)

2 1(7.1) 0 (0)

3 2 (14.3) 3(23.1)

4 2 (14.3) 1(7.7)

ECOG, Eastern Cooperative Oncology Group Study.

broken down by stage at diagnosis and exposure to indoor
radon.

DISCUSSION

These results show that SCLC in never-smokers is an
aggressive neoplasia, with a high mortality rate. A signifi-
cant number of tumors are diagnosed in an advanced phase
and age at diagnosis is superior to that published for other
histologic types in never-smokers.™® Radon concentration is
high for this subgroup of microcytic carcinomas, which
could point to radon playing an important role in its etiol-
ogy. This is one of the largest studies conducted on never-
smoker Caucasic patients affected by SCLC cancer to date,
and the only one in which exposure to radon, second risk
factor for LC after tobacco, has been measured.

In general, SCLC is considered to be closely linked to
smoking and, therefore, its diagnosis in never-smokers is
very rare. It is estimated that only 5%-6% of LC cases
diagnosed in never-smokers are SCLC,***° with adenocar-
cinoma being the most frequent. Exposure to environ-
mental tobacco smoke has been postulated as a risk factor
in the development of SCLC in never-smokers, although only
25% of participants in this study had lived with smokers in
the past 20 years.

Exposure to indoor radon could be a risk factor in the
development of SCLC in never-smokers. In the majority of
studies that have analyzed the link between radon exposure
and the different histologic types, SCLC is one of the tumors
which shows the closest association with indoor radon,
even though the majority of these studies include smokers
and ex-smokers, given the low incidence of SCLC in never-
smokers. Thus, in the European pooling study, published

Table 3. Survival at 1 and 2 years from diagnosis

Survival 1 year, % 2 years, %
Global 34.4 219
Limited disease 46.7 26.7
Extended disease 25 18.8
Radon <200 Bg/m? 31.3 12.5
Radon >200 Bg/m> 37.5 31.3
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in 2005,%° there were 1379 cases of SCLC from a total of
7148 lung cancer cases and it was this histologic type that
revealed the greatest relative risk per 100 Bq/m? increment
in radon concentration (31%), much higher than that
observed for other common histologic types such as
adenocarcinoma (6%). Nevertheless, the role of radon in
SCLC in never-smokers was not analyzed in that study.

The results obtained per histologic type in the American
pooling were similar,”* with a 23% increase per 100 Bg/m?
for SCLC. More recent studies revealed equivalent findings,
which suggest that, although exposure to residential radon
increases the risk for all histologic types, there is a higher
risk for SCLC than for other types, such as adenocarcinoma
or squamous cell carcinoma. Thus, for instance, Barros-Dios
et al.?? carried out a case—control study in a radon-prone
area in 2012, including 349 lung cancer cases, among
which 54 (15.5%) had SCLC, and found that this histologic
type carried a greater risk due to radon exposure. In a
recently published systematic review, the association be-
tween exposure to indoor radon and SCLC was stronger
than that for other histologic types in eight out of 11
studies.” In our series, the median radon concentration was
182 Bq/ma, well above the action level of 100 Bq/m3 rec-
ommended by the World Health Organization (WHO),® and
is also higher than the average radon concentration
observed in never-smoker controls who lived in the same
area from a previous study by our group (median concen-
tration 149 Bg/m3),** or compared with the median con-
centration of the Galician population, established at 100
Ba/m3.%® Furthermore, the patients included in this case
series had lived in the dwelling where the measurements
took place for an extended period, a median of 43 years,
and this prolonged exposure lends greater validity to po-
tential effect due to high radon exposure. In addition, the
majority of SCLC cases included in this series were women,
many of them housewives or dedicated to local agricultural
labor, and thus, the proportion of daily time spent in the
dwelling is higher than it would be if they worked outside
the home. This could have contributed to a greater intensity
of exposure to indoor radon. The predominance of women
in our sample, 87.5%, is in direct correlation with the results
of previous lung cancer studies in never-smokers performed
in different geographical areas®** and it is related to the
fact that most older women in Galicia are never-smokers.
The low level of education among the participants is also
relevant.

One of the problems of lung cancer is late diagnosis, in
the late stages of the disease, when patients already pre-
sent symptoms related to the illness, as this is indicative of
a poor prognosis. It is estimated that, at a global level,
~20% of tumors are diagnosed in localized stages although
some series suggest that the percentage of patients diag-
nosed with localized lung cancer has been increasing for the
last two decades.’” In our series, 47% of lung cancer cases
were diagnosed at stage IV, with evidence of extrapulmo-
nary metastatic disease. Among the cases of intrathoracic
localized disease, only four were at TNM stages | and 1,18
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whereas the majority of cases were at stages IlIA and IIIB
(12% and 24%, respectively). One of the reasons for the late
diagnosis of LC, despite all the technical advances of the last
decades, would be related to the increase in the incidence
of adenocarcinomas®® in comparison to other histological
types of tumors, because of their tendency to be localized
in the periphery, unlike epidermoid carcinomas or SCLC it-
self. The central location of SCLC could cause it to show
symptoms earlier and lead to a higher percentage of diag-
nosis in the localized stages of the disease.

The most frequent symptoms present in our series were
the constitutional syndrome and coughing. These results are
similar to a recently published study from the Spanish
Tumor Thoracic Registry, which included >1300 SCLC cases,
and where cough was the most frequent symptom.”’ As
much as 10% of patients were asymptomatic at the
moment of diagnosis and only one had symptoms attrib-
utable to the metastatic disease.

Survival rates for SCLC are extremely poor. Among the
patients included in this survey, 1-year survival was 34.4%
and 2-year survival was 21.9%. Patients presenting a local-
ized tumor had a higher 1- and 2-year survival rates
compared with those diagnosed with a metastatic disease
(46.7% versus 25% for 1 year and 26.7% versus 18.8% for 2
years). Stage at diagnosis is one of the most relevant
prognostic factors for all histologic lung cancer types,”® and
also for SCLC.?° Existing published data on SCLC survival
rates in never-smokers are scarce given the disease’s low
incidence; however, a recent study on Chinese population™*
has compared SCLC survival in both smokers and never-
smokers. This research included 22.5% never-smokers and
this group showed a higher survival rate than smokers
(19.36 months versus 14.40 months, P = 0.044). The
mechanisms by which prognosis might be different for both
groups are not known. Ogino et al.,*>° in a recently pub-
lished study including seven never-smoking SCLC cases
analyzed through next-generation sequencing, showed that
these patients might have a different molecular signature
than ever-smokers mainly at MEK and mTOR pathways.

This study has a series of limitations, such as its small
sample size. However, given the low incidence of SCLC on
never-smokers, it constitutes an acceptable number of
participants. Among its advantages are its multicentric
design and it being the first study to measure residential
radon in order to assess its influence on survival rate.
Moreover, patient follow up is almost complete, with barely
any losses.

In conclusion, SCLC in never-smokers is very rare, but an
aggressive illness with a poor prognosis. Its stage at diag-
nosis is one of the main determining factors for survival
and, therefore, it is necessary to continue working on early
diagnosis, which will enable early detection and treatment
in localized stages and better prognosis. Exposure to indoor
radon is the first risk factor for lung cancer in never-smokers
and, in the case of SCLC, it could be extremely relevant from
the etiologic point of view. Survival to SCLC in never-
smokers seems slightly higher than for smokers.
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