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Background: Lung cancer is one of the most common cancers worldwide. Patients with early stage
lung cancer have improved long-term survival. With the introduction of low-dose CT scan, more
patients are going to be diagnosed at an early stage. However, there is limited data on the risk of
second primary malignancies (SPMs) in these subsets of patients in the United States.

Methods: We utilized SEER-13 (Surveillance, Epidemiology and End Results) registry to obtain Multiple
Primary- Standardized Incidence Ratio and an Absolute Excess Risk between January 2004 and
December 2010 for patients with Stage la non-small cell lung cancer.

Results: The database comprised of 12,246 patients. A total of 1431 (11.68%) patients developed 1563
SPMs with an observed to expected (O/E) ratio of 2.07 (95% Cl=1.92-2.23, p <.001) in patients with
adenocarcinoma and 2.05 (95% Cl=1.92-2.19, p < .001) in squamous cell carcinoma group.
Conclusions: This study showed an excess risk of SPMs in patients with early stage non-small cell lung
cancer. We recommend a close follow-up, paying attention to concerning symptoms or examination
findings and judicious use of age-appropriate cancer screening.

Accepted 2 October 2017

Introduction

Lung cancer is an increasing area of concern in global
health. Posing a disease incidence of over 1.8 million
patients in 2012 and causing 1.6 million deaths worldwide.
In the United States alone, lung cancer occurs in about
225,000 patients each year and causes over 160,000 deaths
annually [1]. In the UK about 46,000 new cases of lung
cancer were diagnosed in 2014, making it the third most
common cancer diagnosis [2]. The mean five-year survival
rate of lung cancer is about 17%. The survival rate
improves to 55% when the cases are detected at early
localized stage. However, only 16% of lung cancer cases
are diagnosed at an early stage [3].

The risk of second primary malignancy (SPM) in lung can-
cer survivors is not well reported in the literature. With the
introduction of low dose CT scan for screening, its import-
ance is emerging as early diagnosis of lung cancer through
screening, increases survival by up to 20% [4].

In this study, we aimed to identify the risk of SPM in
patients with early stage non-small cell lung cancer (NSCLC)
in the United States utilizing the SEER database and per-
formed literature review to better understand how emerging
screening and following tools would change the patterns of
disease burden and survival.

Methods

Surveillance, Epidemiology, and End Results (SEER) database
of the National Cancer Institute is a population-based data-
base that assembles data related to incidence and survival
on cancer patients in the United States. This is one of the
largest cancer registries in the world and covers approxi-
mately 28% of the US population [5]. SEER 13 registries con-
sist of patients from Atlanta, Connecticut, Detroit, Hawaii,
lowa, New Mexico, San Francisco-Oakland, Seattle-Puget
Sound, Utah, Los Angeles, San Jose-Monterey, Rural Georgia
and the Alaska Native Tumor Registry.

We utilized SEER-13 registry to select adult patients (18
years of age and above) diagnosed with stage la non-small
cell lung cancer as their first malignancy between January
2004 and December 2010.

Second Primary Malignancy is defined as a metachronous
cancer which develops six months after an index NSCLC
based on Warren and Gates criteria. Multiple primary standar-
dized incidence ratio (MP-SIR) and an absolute excess risk
(AER) for an occurrence of SPM were obtained utilizing SEER
stat application. SIR is a ratio of observed to expect incidence
ratio (O/E) of SPM and AER is an actual number of excess
SPMs in patient with NSCLC per 10,000 person-years at risk.
Statistical significance was defined for a p-value <.05.
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Results

The database identified a cohort of 12,246 patients. Five-thou-
sand two-hundred and eighty patients had adenocarcinoma
and 6966 patients had squamous cell carcinoma. A total of
1431 patients had a second primary malignancy. We identified
623 patients with a second primary malignancy in adenocar-
cinoma survivors (11.8%) and 808 patients with squamous cell
carcinoma patients (11.6%). A latency period between the
diagnosis of the primary and second primary malignancy was
about 34 months in both the groups (Table 1).

Fifty-seven patients in the adenocarcinoma group had a
second primary malignancy before the age of 60 years (O/E
3.85; p<.0001) while 626 developed it after age 60 years
(O/E 1.99; p <.0001). Solid tumors made up for the bulk of
disease, in both age groups with the respiratory system
affected in almost half of all the patients.

In patients with squamous cell cancer, 94 patients aged
less than 60 years developed a SPM (O/E 3.90 p <.00001)
and 786 patients were aged greater than 60 (O/E 1.94
p <.00001). Solid tumors comprised of an overwhelming
majority of SPM in this group, comprising 93% of disease
burden and an excess risk of 178.87. The respiratory system
was the most frequently affected in this group as well.

A significant excess risk was observed for varying malig-
nancies in both groups. Patients with adenocarcinoma had

Table 1. Demographics of the study population.

statistically significant excess risk for the development of
gastrointestinal (ER 6.64 p=.001), pancreatic (ER 6.64
p=.001), thyroid (ER 5.51 p=.0001) and female breast can-
cer (4.99 p=.1). The risk of Gl, breast, and pancreatic cancer
was significant after 24 months of the index diagnosis, while
respiratory, genitourinary, and thyroid malignancy risk was
independent of latency.

Patients with squamous cell carcinoma had significant
excess risk for the development of urogenital (ER 16.78,
p <.00001), thyroid (5.4, p <.00001), pancreas (5.55, p <.001)
and Gl tract malignancies (p <.001). Similar risk trends were
observed, where the risk of G, breast, pancreatic and oral cav-
ity cancers was significantly increased 24 months or more
after the index diagnosis. While respiratory, genitourinary, and
other malignancies increased marginally in a temporal fashion
and largely remained independent. The risk of second primary
malignancy in patients with adenocarcinoma and squamous
cell carcinoma are summarized in Tables 2 and 3 respectively.

An increased risk of all solid tumors was observed in both
sub sets. An excess risk of 185 (p <.00001) in adenocarcin-
oma patients versus 178 (p<.00001) in squamous cell
patients. This risk was independent of radiation exposure.
Patients not exposed to radiation had a higher excess risk
when compared to patients exposed to radiation in both the
groups.

Demography
Adenocarcinoma Squamous carcinoma
Number/Median %/Range Number/Median %/Range

Total patient with Stage early lung cancer 5280 6966
Gender

Male 2347 44.45 2853 40.96

Female 2933 55.55 4113 59.04
Race

White 4445 84.19 5713 82.01

Black 584 11.06 584 8.38

Other 409 7.75 640 9.19
Total SPM 683 880
Total patient with SPM 623 11.80 808 11.60
Gender

Male 308 49.44 384 47.52

Female 315 50.56 424 52.48
Race

White 533 85.55 674 83.42

Black 47 7.54 67 8.29

Other 43 6.90 67 8.29
Total number of patient with 1 SPM 566 90.85 739 91.46
Gender

Male 282 49.82 353 47.77

Female 284 50.18 386 52.23
Race

White 481 84.98 616 83.36

Black 46 8.13 62 8.39

Other 39 6.89 61 8.25
Total number of patient with 2 or more SPM 57 9.15 69 8.54
Gender

Male 26 45.61 31 4493

Female 31 54.39 38 55.07
Race

White 52 91.23 58 84.06

Black 1 1.75 5 7.25

Other 4 7.02 6 8.70
Age for SPM (median) 76.25 years 50.75-92.83 years 72.75 years 39.08-97.08 years
Latency (median) 2.75 years 6 months—8.92 years 2.83 years 6 months—8.58 years
Follow-up (median) 4.67 years 7 months—8.92 years 5 years 6 months—8.92 years




Discussion

1.8 million Patients were diagnosed with lung cancer in 2012.
It resulted in 1.6 million deaths worldwide. 225,000 new lung
cancer patients are diagnosed in the United States each year
and over 160,000 deaths annually are attributed to it, making
it the second leading cause of cancer in both sexes and the
leading cause of cancer related mortality over recent years
[1]. In the United Kingdom, it comprised 46,000 new cases
and was the third leading cancer diagnosis [2].

Cigarette smoking is the leading cause of disease followed
by other less common risk factors, including radiation expos-
ure, environmental toxins, pulmonary fibrosis, familial history
and dietary factors.

The results of the National Lung screening trial showed
the efficacy of employing Low dose CT scanning as a screen-
ing tool in high-risk individuals [6], and prompted the subse-
quent incorporation of this entity as the recommended
standard of care for high-risk individuals by the United States
Preventive Service Task Force [7].

Table 2. Second primary malignancy in patients with adenocarcinoma.
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There is split opinion currently regarding the cost-value
and economic burden of CT screening. Data suggest that a
large number of false-positive results and the potential for
over diagnosis may occur leading to increasing follow up
scans, nodule resections and surgery [7]. However, in a recent
analysis of a hypothetical cohort of 18 million people, the
lung cancer screening yielded significant quality adjusted life
years gains [8]. In contrast to previous opinion, this makes a
case for the economic feasibility of screening.

With the institution of lung cancer screening, the early of
diagnosis of lung cancer will become more effective, and the
incidence of disease in early stage is expected to rise. A
Canadian simulation estimates lung cancer incidence to
increase by 7% with stage IA diagnoses increasing by 15%
and stage IV decreasing by 7.5% with use of screening [9].
Higher smoking rates and faster population growth in
Europe and the US assumes a trend towards increasing Stage
| disease diagnosis, comprising 55-85% of the cancers diag-
nosed with screening in multiple small studies [10].

Adenocarcinoma N Expected O/E Two tail p Cl Excess risk
All sites 683 329.73 2.07 <.001 1.92-2.23 194.22
All sites excluding non-melanoma skin 682 328.05 2.08 <.001 1.93-2.24 194.59
All solid tumors 628 290.5 2.16 <.001 2-2.34 185.55
Pharynx 4 0.93 4.28 .0300 1.17-10.96 1.69
Digestive system 95 66.62 1.43 .0012 1.15-1.74 15.6
Pancreas 23 10.93 2.1 .0019 1.33-3.16 6.64
Respiratory system 316 53.75 5.88 <.001 5.25-6.56 144.18
Nose, nasal cavity and middle ear 3 0.44 6.81 .0205 1.4-19.89 141
Larynx 8 2.28 3.51 .0049 1.52-6.92 3.15
Lung and bronchus 303 50.93 5.95 <.001 5.3-6.66 138.58
Trachea 2 0.04 47.77 .0016 5.79-172.56 1.08
Skin excluding basal and squamous 5 14.89 0.34 .0060 0.11-0.78 —5.44
Melanoma of the skin 4 13.21 03 .0064 0.08-0.78 —5.07
Female breast 50 40.91 1.22 1852 0.91-1.61 4.99
Urinary bladder 46 19.49 2.36 <.001 1.73-3.15 14.57
Thyroid 14 3.98 3.52 .0001 1.93-5.91 5.51
All lymphatic and hematopoietic diseases 43 30.59 1.41 .7558 1.02-1.89 6.82
Acute myeloid leukemia 9 291 3.09 .0063 1.41-5.87 335
Table 3. Risk of second primary malignancy in squamous cell carcinoma.

Total
Squamous carcinoma Observed Expected O/E Two tail p cl Excess risk
All sites 880 4289 2.05 <.001 1.92-2.19 181.54
All sites excluding non-melanoma skin 877 426.79 2.05 <.001 1.92-2.2 181.18
All solid tumors 823 378.52 217 <.001 2.03-2.33 178.87
Oral cavity and pharynx 21 8.59 244 .0005 1.51-3.74 4.99
Tonsil 4 1 4.01 .0380 1.09-10.26 1.21
Digestive system 120 86.62 1.39 .0008 1.15-1.66 13.43
Pancreas 28 14.21 1.97 .0016 1.31-2.85 5.55
Respiratory system 409 69.09 5.92 <.001 5.36-6.52 136.79
Larynx 10 2.85 35 .0015 1.68-6.44 2.88
Lung, bronchus, trachea, mediastinum and other respiratory organ 397 65.62 6.05 <.001 5.47-6.67 133.36
Lung and bronchus 396 65.53 6.04 <.001 5.46-6.67 132.99
Skin excluding basal and squamous 9 18.85 0.48 0193 0.22-0.91 —3.96
Melanoma of the skin 6 16.74 0.36 .0049 0.13-0.78 —4.32
Male genital system 81 62.75 1.29 .0303 1.03-1.6 7.35
Prostate 81 62.12 13 .0245 1.04-1.62 7.6
Urinary system 80 38.29 2.09 <.001 1.66-2.6 16.78
Urinary bladder 56 24 233 <.001 1.76-3.03 12.88
Kidney and renal pelvis 23 13.19 1.74 0179 1.1-2.62 3.95
Kidney 21 12.05 1.74 .0242 1.08-2.66 3.6
Endocrine system 21 6 35 <.001 2.17-5.35 6.04
Thyroid 19 5.58 34 <.001 2.05-5.31 54
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Currently, however, only 16% of lung cancer is diagnosed
at an early stage, conferring a 55% five-year survival as
opposed to 17.7% for advanced disease [3]. Localized disease
without lymph node involvement is managed surgically,
while mediastinal involvement requires ablative radiotherapy
and/or adjuvant chemotherapy depending on final staging.

Lung cancer survivors are offered oncologic surveillance
primarily to detect recurrence of disease, and second primary
lung cancer at early stages to offer definitive treatment and
improve survival and quality of life. The incidence of second
primary malignancy in lung cancer survivors is not a well-
established fact. Our results identified around 11% cancer
survivors had a second primary malignancy. The respiratory
system was the most frequently affected in this group. SPM
risk was markedly elevated beyond two years with some
malignancy risk only becoming significant after the initial
period of surveillance.

While our study is limited by such factors as it does not
account for details of toxin exposure such as smoking after
the primary diagnosis, and does not include other risk factors
such as individual risk factors, family history of malignancy,
socioeconomic status, and comorbidities. Also, although we
have utilized Warren and Gates criteria to define SPM, one
may argue that some of these malignancies are either recur-
rent or metastatic disease of the index non-small cell lung
cancer. The major strengths include a largely representative
population sample, long follow-up period and huge sample
size that lead to important conclusions which can be used to
suggest further areas of study.

With the implementation of low dose CT screening in
high-risk individuals and expected rise in the incidence of
early stage lung cancer as described previously, the incidence
of second primary malignancy may also increase. This is sug-
gested by the improved survival of individual patients with
more time available for a second malignancy to develop. This
increase may reflect the systemic effect of carcinogen expos-
ure, tumor-related genetic predisposition, and exposure to
chemotherapeutic agents or radiation [11]. Whatever the
etiologic factors may be, the development of a metachro-
nous SPM heralds a grim prognosis with median time to
death reported to be 14.3 months in a recent study [12].

Lung involvement as a second primary malignancy as
described by our study supports the results of Lou et al. in
an analysis of 1640 patients, describing CT scan surveillance
as being superior to symptoms in leading to the diagnosis of
a recurrence in 157 Stage I-ll lung cancer, as opposed to
advanced stage disease, where recurrence was identified by
symptoms more commonly [13]. Distant second primaries,
however, have not been studied in sufficient detail, and an
ever-growing need exists for standardized trials delineating
the modality of choice in detecting these at an early stage so
that mortality can be sufficiently decreased with the institu-
tion of early therapy.

The risk of a second primary is also augmented by contin-
ued tobacco exposure, as evident from our results which
showed an overwhelming number of second primaries from
tumors which have directly been linked to tobacco exposure.
Attention should be paid towards smoking cessation as
a crucial intervention in lung cancer survivors [14].

As highlighted in a recent meta-analysis, continued smoking
after a diagnosis of early stage lung tumor was associated
with increased risk of all-cause mortality and recurrence [15],
highlighting the importance of smoking cessation in routine
care of lung cancer survivors.

A combined approach of routine follow-up, close commu-
nication between primary healthcare provider and oncologist,
paying attention to subtle symptoms and physical examina-
tions, judicious age-appropriate cancer screening, counseling
and pharmacologic support in an attempt at smoking cessa-
tion with the use of surveillance imaging up to 4-5 years
[16] after the primary diagnosis may aide in detection of
second primaries, and ultimately improve survival.

An important aspect to be considered is the economic
feasibility of low-dose CT scan when considering not only
lung cancer, but also the second primary malignancies that
are found indirectly through this process. It may be worth
investing in further prospective studies as we continue to
move forward.
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