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Background. Cigarette smoking is variably associated with the various histological cell types of lung cancer. The primary aim of this study
was to analyse various strengths of association between the common histological cell types of lung cancer and smoking in a Western Cape
population. The secondary aim examined whether an association exists between scar carcinoma and smoking.

Methods. We retrospectively analysed the records from 386 patients over a 2-year period. Both smokers and non-smokers were subdivided
and analysed as two groups, which included those with non-small cell and small cell lung cancer. Smokers and non-smokers were also
analysed separately according to the presence or absence of lung scarring.

Results. In total, 94.3% of all patients with lung cancer were current or past smokers. There was a disproportionately higher number of
patients with adenocarcinoma who were non-smokers compared with all the other cell types (p=0.01), whereas patients with squamous cell
carcinoma were more likely to be smokers (p=0.05). Although the vast majority of patients with and without lung scars were found to be
smokers (96.4% v. 93.7% respectively), there was no statistically significant difference found between these two groups (p=0.43).
Conclusion. In a Western Cape population, patients with adenocarcinoma were more likely to be non-smokers, while those with squamous

cell carcinoma were relatively more likely to be smokers. No clear association between scar carcinoma and smoking status was found.
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Pulmonary malignancies are significant to South Africa
(SA), with Bradshaw et al. demonstrating that cancer
of the trachea, bronchi and lung ranks 17th among

the top 20 causes of premature mortality burden in
males.!! Lung cancer, in 80 - 90% of cases, is attributed
to smoking and a smaller proportion (10 - 20%) is attributed to
occupational exposure to agents such as asbestos and silica.”! Thus
due to the high prevalence of cigarette smoking among people older
than 15 in SA (27.1% in 2000), lung cancer remains a major public
health concern in this country.”!

Cigarette smoking is often intimately associated with all the histo-
logical types of lung cancer but the strength of association tends to differ
with each individual variant. Data from the USA have shown a decreasing
incidence of squamous cell carcinoma (SCC), small cell lung cancer (SCLC)
and large cell carcinoma (LCC), while there has been a moderate increase
in the incidence of adenocarcinoma (ADC).” Khuder!® demonstrated that
all histological types were significantly associated with cigarette smoking,
with SCLC displaying the strongest overall relationship followed by
SCC. ADC appeared to have the weakest overall relationship.’” Research
performed by Yang et al.,¥! and others,” also documented that more
peripheral cancers (ADC and LCC) show weaker associations than more
central tumours (SCLC and SCC). Non-smokers appear to have a greater
proportion of ADC when compared with the other histological types, and
this may suggest that other factors (genetic, occupational, environmental)
are involved in its aetiology.(!*1¢!

A controversial topic is the relationship between scarring of the lung
and the development of lung cancer."” Scar carcinoma (SC) of the lung

is a clinical entity that was first described by Friedrich!"® and Rossle!"”!
as a group of lung cancers that originated around peripheral scars in
the lung. Owing to further research performed in the 1940s, there was
a subsequent evolution in the understanding of SC and the following
clinical features were then thought to make the diagnosis of SC more
likely: the tumour is peripherally located with a size of less than 3 cm
in diameter, upper-lobe predominance, more commonly found in
males, and usually of ADC histological subtype.?? A large cohort
analysis of the prostate, lung, colorectal and ovarian cancer screening
trial demonstrated a clear correlation between scar presence and the
development of a carcinoma.®!

Cigarette smoking has long been known to be associated with
chronic lung destruction and the development of lung cancer."” The
chronic inflammatory state induced by cigarette smoke eventually
results in DNA mutations along with excessive bronchioalveolar
stem cell proliferation, which is thought to cause the development
of lung carcinoma.?*?! Of particular interest is the possible link
between SC and smoking. Research published by Auerbach et al.*!
suggested a lack of association between smoking and SC in their
study population.

With the above in mind, and data of this nature lacking in
the Western Cape, we performed a retrospective study with two
objectives. The primary objective was to analyse various strengths of
association between the common histological cell types of lung cancer
and cigarette smoking in our population. The secondary objective was
to examine whether an association exists between SC and smoking,
with our hypothesis being that no such association exists.
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Methods

Study population

Tygerberg Academic Hospital is situated in Cape Town, SA. It
comprises 1 380 beds and is one of two tertiary hospitals serving
approximately three million people from various drainage areas. We
retrospectively identified 424 patients with lung cancer that were
presented at our weekly lung cancer board meetings from 1 January
2010 to 31 December 2011 (Fig. 1). Individuals were then excluded
if no data could be found regarding a smoking pack year history (25
participants) or if either the staging computed tomography (CT)
scan or tissue diagnosis were incomplete (13 participants). Cases of
pleural malignancy, such as mesothelioma or secondary pulmonary
malignancies, were excluded from the analysis. The Stellenbosch
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Fig. 2. Gender distribution of the study population.

University Human Research Ethics Committee granted approval
for the study (study number S13/04/078) and a Chief Medical
Superintendent of Tygerberg Academic Hospital granted access to
patient medical records so as to collect the necessary data.

Data collection

From the medical records of the study population, we collected basic
demographic data as well as the histological cell type and the presence
of a possible SC. Tumour, node and metastasis (TNM) staging, as well
as cigarette smoking status were specifically documented.

Telephonic contact was made with various patients and their next
of kin when no data could be found from our folders. The diagnosis
of tissue subtypes was based on cytology or on histology done on
adequate samples at a later stage. The diagnoses were further verified
by ancillary immunohistochemistry or immunocytochemistry
techniques in most cases. After exclusions, our study population
(n=386) was split into smokers and non-smokers. Smokers were
defined as those who had smoked a minimum of at least 5 pack years
while non-smokers were defined as those who had never smoked or
who had smoked less than 5 pack years.

We then sought to separately determine how many smokers and non-
smokers had non-small cell lung cancer (NSCLC) v. SCLC. The NSCLC
group was further subdivided into common histological cell types to
allow for added statistical analysis. Finally we determined how many
patients with a recognised scar were smokers versus non-smokers and
likewise the same analysis was completed for those patients without
a scar. A scar was identified as an area of pulmonary fibrosis situated
in any area of the lungs in a patient with a diagnosis of primary lung
carcinoma. All diagnosed cases of bronchogenic carcinoma were staged
radiologically according to the staging system set out by the Union
Internationale Contre le Cancer in 2002 for lung cancer.?”!
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Fig. 3. Racial distribution of the study population.
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Statistical analysis

Statistical indices utilised for this assignment
included averages, ranges and standard
measures of statistical significance (p-values).
All p-values were calculated with Fisher’s
Exact Probability test, and in one case
a p-value was calculated with the y? test
(Yates corrected). All statistical analysis was
completed using VassarStats (USA).

Results

We included 386 participants, with a total
of 229 (59.3%) males and 157 (40.7%)
females (Fig. 2). The average age for the
male participants was 59.4 (range 30 -
85) years and the average age for female
participants was 61.4 (36 - 88) years. The
racial demographics demonstrated that
the study population was composed of 237
(61.4%) participants of mixed ancestry, 122
(31.6%) white participants and 27 (7%) black
participants (Fig. 3).

ADC predominated with 156 (40.4%)
patients demonstrating this cell type at
diagnosis. SCC was diagnosed in 93 (24.1%)
participants, LCC was diagnosed in
70 (18.1%) participants and SCLC was
diagnosed in 63 (16.3%) participants. A
small category of NSCLC diagnoses not
related to the cell types above accounted for
4 (1%) participants. The four cases included
one case each of pleomorphic carcinoma,
pleomorphic carcinoma with osteoclast
giant cells, a solitary fibrous tumour, and an
anaplastic carcinoma (Fig. 4).

There were 364 (94.3%) participants who
smoked, while 22 (5.7%) did not. There
was a disproportionately higher number of
patients with ADC who were non-smokers
compared with all the other cell types (15/22
non-smokers had ADC; p=0.01), whereas
patients with SCC were more likely to be
smokers (90/93 patients with SCC were
smokers; p=0.05). Patients with ADC smoked
on average 31.6 pack years compared with
patients with SCC, who smoked on average
32.4 pack years. There were no statistically
significant differences between smokers and
non-smokers among the patients with LCC,
other NSCLC or SCLC (Table 1).

Analysis of patients with lung scars
demonstrated that 81 (96.4%) of them were
smokers while 3 (3.6%) were not. Of those
patients without lung scars, 283 (93.7%)
of them smoked while 19 (6.3%) did not.
Patients without lung scars had smoked for
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Fig. 4. Study population distribution according to histological diagnosis.

Table 1. Differences in lung carcinoma tissue diagnoses among the study population

Packyears  Non-
Cell type Smokers (n) (mean) smokers (n)  p-value*
Non-small cell
Adenocarcinoma 141 31.6 15 0.017
Squamous cell 90 324 3 0.05
Large cell 68 40.1 2 0.40
Other 4 55.0 0 1.00
Small cell 61 37.6 2 0.40
*Fisher’s Exact Probability Test, except .
TY? test (Yates corrected).
Table 2. Differences between patients with lung scarring and those without
Packyears  Non-
Smokers (n) (mean) smokers (n)  p-value
SCAR 81 31.9 3 0.43
No SCAR 283 354 19 0.43
more years on average (35.4 pack years) than Discussion

patients with lung scars (31.9 pack years).
However, no statistically significant difference
between smokers and non-smokers was
found in both groups (Table 2).

Only 22 (6.8%) patients with NSCLC had
early-stage lung cancer (stages I (n=11) and
IT (n=11)). There were 18 (5.6%) patients
with stage ITIA disease and 83 (25.7%) with
stage ITIB disease. The majority of cases (200
(61.9%)) of NSCLC had metastatic disease
at presentation (Table 3). Among patients
with SCLC, 13 (20.6%) were found to
have limited disease, while 50 (79.4%) had
extensive disease at presentation (Table 3).
Of the 53 (13.7%) patients (NSCLC and
SCLC) with potentially operable disease
only 20 (5.2%) of them underwent surgical
tumour resection.

We found a disproportionately higher
percentage of patients with ADC to be non-
smokers compared with the other cell types,
whereas patients with SCC were more likely
to be smokers. We again demonstrated
that ADC has surpassed SCC as the most
common histological cell type of lung cancer
in the Western Cape.? Among smokers
and non-smokers, we found no statistically
significant difference between those with lung
scars and those without. Finally, as has been
previously documented,”” we demonstrated
that the majority of patients with NSCLC
and SCLC had an advanced level of disease
at presentation.

ADC in our study population was the most
common cell type found and this appears
to be similar in the USA, where increasing
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Table 3. Summary of the TNM radiological staging of the study population

Staging  Adenocarcinoma

Squamous cell

Small

Largecell Other NSCLC cell

1A 1 1
IB 4 4
ITA 1 0
I1B 6 2
IIIA 9 5
I11B 40 29
v 95 52
Limited - -

Extensive - -

incidences of ADCarereported.” ADC, along
with LCC, is more peripherally situated than
SCLCand SCC. The higher incidences of ADC
worldwide could possibly be explained on
technical advancements made in fine-needle
aspiration,®* computerised scans,*! video
bronchoscopy,? immunohistochemistry
and mucin staining,”** which all improve the
diagnostic yield of these peripherally situated
tumours. Of particular interest in our study
was the relation of histological cell types to
smoking. Our data suggested that patients
with ADC in this study population make up
a disproportionately higher percentage of
non-smokers, and this finding appears to be
consistent with other research done in this
field.l1o-1el

There have been suggestions that changes to
cigarette design in the last few decades could
help explain the rising incidence of ADC.P!
However, this is not enough to explain why
non-smokers in our setting developed ADC
more frequently than other cell types of lung
cancer. A possible explanation in our country
includes possible indoor air pollutants as the
offending agents. A large proportion of SA
households do not have full-time electricity
and so have to rely on fossil fuels (coal and
wood) to heat the house and to cook food.
The liberation of small coal dust particles in
the process of burning these materials may
be inhaled deeply into the distal airways,
and prolonged exposure to this over time
may incite the development of ADC.
Furthermore, there may be carcinogens
in our working environments and passive
second-hand smoke exposure that could also
cause ADC more frequently in non-smokers.
Genetic determinants and predisposition
cannot be ruled out. However, more research
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is needed to delineate exactly which gene, if
any, is involved.

Of further interest from our study is that
patients with SCC are more likely to be
smokers. Other studies have also found this
trend, demonstrating that SCC (more centrally
located) tends to have an overall stronger
relationship with cigarette smoking than does
ADC (more peripherally located).[#%”%! Qur
data found that on average patients with SCC
smoked more than patients with ADC and this
is further supported in the literature, where
there appears, in general, to be a stronger
dose-response relationship between centrally
located tumours like SCC and cigarette
smoking than with tumours situated more
peripherally such as ADC.®! One possible
explanation for the closer association between
SCC and smoking is nicotine.* Nicotine, a
common ingredient in most cigarettes, is not
only the addictive agent but is also a known
carcinogen. In a study performed by Brown
et al.,® nicotine was found to increase a7-
nAChR mRNA levels and transcription in
SCC cell lines that ultimately promoted lung
cancer proliferation. There is uncertainty at
this point as to whether nicotine has exactly
the same effect on other cell types of lung
cancer.

With specific reference to the relationship
between SC and smoking, we found no
significant difference in our study population
between smokers and non-smokers (both
with scars and without). Our data are
therefore similar to other studies, specifically
that performed by Auerbach et al.,*! who
found a lack of association between smoking
and SC. A possible explanation is that atypical
epithelial cells exist around some scars that
later undergo unregulated proliferation

with the development of metaplastic and
then neoplastic cells,***! which may occur
irrespective of carcinogen exposure from
smoking. There may be a genetic blueprint
within a scar that gives it the ability to
become neoplastic. More research is needed
to uncover the most likely aetiology of SC and
also identify its exact relationship to various
environmental exposures.

Advanced-level disease was found in the
vast majority of our sample whether that be
patients with NSCLC or SCLC. Furthermore,
very few of our patients with potentially
operable disease underwent surgery. Data
from the UK National Lung Cancer Audit in
2009 found that the overall unadjusted pro-
portion of patients who underwent surgical
resection was approximately 11%, with
regional variations ranging from less than
5% to greater than 25%.1%! Other countries
in Europe had much higher rates of resection,
such as Italy (24%),"*”! the Netherlands (20%)"*!
and Sweden (17.5%)."! The group in the UK
suggested that lower resection rates were due
to diminished access to specialist thoracic
surgeons. However, we believe our lower rates
are owing to our own societal circumstances.

The vast majority of patients attending our
hospital have impoverished socioeconomic
circumstances as well as low levels of
education, which tends to delay the
presentation of patients with lung cancer
to our specialist clinic. Transportation can
be expensive and also unreliable, which
further hinders access. The high prevalence
of pulmonary tuberculosis in our setting (935
per 100 000),% also masks the diagnosis
of lung cancer. For instance, patients with
pulmonary tuberculosis and lung cancer
often have similar symptoms, so patients
may be initially treated inappropriately
for tuberculosis when in fact they have
lung cancer. The investigation done for
tuberculosis at primary care level can often
become protracted: waiting for results
owing to a limited numbers of laboratories
in the district and specimens getting lost on
route. This means that patients with lung
cancer get identified later than they should.
Lastly, since tuberculosis has a myriad of
possible radiological features, the clinician
may be misled into thinking that a lung
lesion is secondary to tuberculosis instead
of investigating further for lung cancer.
Korean data suggest that this problem is
not isolated to SA, as they too have a high
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prevalence of tuberculosis.*" The Korean data found an average delay
of 11.7 months in diagnosing lung cancer for similar reasons to those
mentioned previously.*!

We believe that our study has definite clinical application. Owing to
the large number of females with lung cancer in our sample and their
rising mortality rates in our country, more should be done by clinicians
to try and inform females of this problem. Health education should
begin at an early age in our communities and in our schools so as to
prevent further increases in female mortality in later decades. More
research is needed to understand the pathophysiology surrounding
ADC of the lung in our setting and the environmental triggers that could
lead to this disease. Simple public health measures, such as providing
better electricity to poorer areas, may result in less reliance on fossil
fuels for daily living and thereby limit exposure to possible harmful
carcinogens in these fuels. Since most patients with SCC present many
years after smoking is initiated, we need to educate our communities at
an early age so as to limit smoking exposure. More audio-visual media
should be made available in our clinics, schools and in major public
places to discourage smoking. Furthermore, our data can also help to
inform policy makers that are involved with tobacco regulation.

Study limitations

The retrospective nature of our study had inherent limitations. Recall
bias was introduced into our study when contacting the next of kin in
order to obtain the necessary information of those patients who have
died. We were also unable to speculate on the aetiology of lung cancer
in our study population owing to multiple confounders that may exist
(e.g. occupational exposures). Finally, due to selection bias we were
unable to generalise our findings to the SA population at large, since
certain ethnic groups (e.g. rural blacks and Asian individuals) were
underrepresented in our study population.

In conclusion, we found that more than 90% of all patients with
lung cancer were smokers. In patients with ADC, there were a
disproportionately higher percentage of non-smokers compared with
the other cell types, whereas patients with SCC were more likely to
be smokers. There was no statistically significant difference found
between smokers and non-smokers, both in the group with lung
scars and in the group without. Future research is needed for a better
understanding of the aetiology of both the common histological cell
types of lung cancer and SC in the Western Cape.
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