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Abstract

Background—~Patients with prior malignancies may be at increased risk for non-small cell lung
cancer (NSCLC). However, the extent of risk is unknown for many cancer types and it is unclear
who may benefit from screening.

Methods—The Surveillance, Epidemiology and End Results dataset from 1992-2012 was used to
identify patients with prior malignancies who were diagnosed with NSCLC =6 months after their
initial cancer. Standardized incidence ratios (SIR) for NSCLC were calculated as a ratio of
observed to expected cases adjusted by person-years at risk. Cancers with SIR >1.0 had higher risk
for NSCLC than expected. Analyses were stratified by sex, radiation, and histology.

Results—Among cancer survivors, 32,058 developed NSCLC. Smoking-related (lung, head and
neck, bladder) and hematologic malignancies regardless of prior radiation therapy had the highest
SIR for NSCLC (range 1.97-4.88). Prior colorectal and renal cancer survivors also had increased
SIR for NSCLC (1.16 and 1.21, respectively). Women with previous pancreatic cancer treated with
radiation, breast cancer with or without radiation, and those with thyroid cancer demonstrated
higher SIR for lung adenocarcinoma. Men with prior irradiated prostate cancer also had elevated
SIR (1.08, CI 1.01-1.15) for lung adenocarcinoma. Patients with melanoma, prostate or uterine
cancer had lower SIR for NSCLC than expected.

Conclusions—Smoking-related malignancies had the highest risk for NSCLC. Radiation
conferred elevated risk for NSCLC for certain cancers. Melanoma, prostate, uterine cancer
survivors were at low risk for NSCLC. These results may help identify high-risk screening
candidates in the growing population of cancer survivors.
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Introduction

Lung cancer mortality is reduced through screening with annual low-dose computed
tomography in high-risk individuals®. Smoking and advanced age are the primary risk
factors utilized by major health organizations such as the United States Preventative Services
Task Force in selection criteria for lung cancer screening?. In addition, antecedent cancer has
been shown to increase the probability of malignancy in patients with solitary pulmonary
nodules who are older and have heavy smoking exposure (=20 pack-years)3. The National
Comprehensive Cancer Network (NCCN) and the American Association for Thoracic
Surgery (AATS) have reduced the age and pack-year threshold for lung cancer screening
candidates with a previous history of malignancy. The NCCN cites an increased risk for new
lung cancer in patients with prior lung cancer, lymphoma, head and neck cancer, and other
smoking-related cancers* while the AATS deems any prior cancer history as sufficient for
lowering age and smoking history criteria for screening eligibility®.

The literature on non-small cell lung cancer (NSCLC) risk among patients with previous
malignancy is variable depending on initial cancer site. Prior NSCLC is a known risk factor
for developing second primary NSCLC at estimated rates of 1-2% per year with increasing
tobacco exposure conferring higher risk® 7. Population-based and institutional studies have
demonstrated that survivors of head and neck cancer as well as Hodgkin's lymphoma are
also at increased risk of developing new primary lung cancer: ©. However, it is unclear
whether the antecedent cancer directly increases risk or whether confounding factors play a
role. Smoking has been cited as the likely culprit behind new NSCLC primaries in previous
head and neck cancer patients whereas radiation and chemotherapy are associated with
increased risk of primary lung cancer in Hodgkin's lymphoma patients. One study using a
Markov model has suggested that lung cancer screening in Hodgkin's lymphoma survivors
may benefit survival, increase quality of life, and be cost-effectivel0.

The risk of developing NSCLC is reportedly increased in bladder cancer patients but is
incompletely described in patients with other urologic malignancies such as prostate or renal
cancers 1112 and in those with previous cervical cancerl3: 14, Research on breast cancer
survivors that develop NSCLC is more abundant; however, the extent to which prior breast
cancer confers increased risk for NSCLC independent of age, smoking, and radiation
therapy remains unclear®21,

As the number of cancer survivors increases, understanding their risk of developing new
primary NSCLC, the most common cause of cancer death, is important?2. Based on current
screening guidelines from major health organizations such as the NCCN and AATS, centers
may be screening all cancer survivors who meet reduced age and smoking history criteria,
regardless of risk for NSCLC. Better understanding of which malignancies are associated
with greater risk of developing lung cancer is necessary to identify which high-risk cancer
survivors should be screened. Since the risk of NSCLC in patients with prior malignancy is
unknown for many cancer types, we used a population-based dataset to study the incidence
of primary NSCLC among survivors of twelve common malignancies as stratified by sex,
radiation history, and histology. This has important implications for refining lung cancer
screening guidelines, some of which include a history of any prior malignancy among
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screening criteria, which may result in unnecessary screening in cancer survivors at low risk
for developing NSCLC.

Materials and Methods

The Surveillance, Epidemiology and End Results 13 (SEER13) dataset represents
approximately 13.4% of the United States population and is geographically defined as San
Francisco-Oakland, Connecticut, Metropolitan Detroit, Hawaii, lowa, New Mexico, Seattle/
Puget Sound, Utah, Metropolitan Atlanta, San Jose-Monterey, Los Angeles and Rural
Georgia. Alaska was excluded from the current study because incidence data were not
available23. Using SEER13, we identified a cohort of 31,062 primary NSCLC patients from
1992-2012 who had at least 6 months of event-free follow-up after diagnosis of a single
previous malignancy at one of twelve common cancer sites. There were also 942 NSCLC
patients that had two previous primaries and 54 that had three or more previous primaries of
interest. We included all patients in our analyses (n=32,058). NSCLC cases were identified
by International Classification of Diseases for Oncology Third Edition site and morphology
codes (Supplemental Table 1).

Previous smoking-related cancer sites included lung and bronchus, bladder, and head and
neck, which comprised of all cancers arising from the oral cavity, pharynx, nose, nasal
cavity, middle ear, and larynx. Leukemia and lymphomas behaved similarly on analyses and
were grouped together. We also studied the most common solid tumors including those of
the breast, prostate, colon and rectum, uterus, kidney, thyroid, and pancreas as well as
melanoma of the skin. NSCLC patients with history of less common malignancies were
excluded from analyses due to small sample size. Analyses were stratified by sex, previous
radiation therapy for initial cancer, and NSCLC histology. In the analyses for radiation, 408
patients with unknown radiation treatment status for the first primary were excluded,
resulting in 31,543 patients with known radiation treatment status for their initial cancer.

Statistical Methods

Patient characteristics were compared between patients without a history of cancer and those
who had a previous malignancy of interest. Categorical data were compared using chi square
tests for nominal data and Jonckheere-Terpstra non—parametric tests for ordinal data. Age, as
a continuous variable, was compared across groups using the student's T test.

Standardized incidence ratios (SIRs), defined as the ratio of observed over expected (O/E)
rates of NSCLC cancers were calculated and adjusted by person-years at risk?4 25, The
observed value was derived by looking at those patients who developed NSCLC (numerator)
after the first primary of interest and was divided by all patients diagnosed with the same
primary but who did not develop NSCLC (denominator). This rate incorporated the amount
of time (in person-years) that the patients were at risk. In our case, this would be the amount
of time from the first primary diagnosis to the subsequent NSCLC diagnosis for the
numerator or the amount of time the patient was followed prior to death or last contact.

The “expected” rate was the number of NSCLC events expected to be experienced by the
general population within the accumulated person-time at risk for the NSCLC cohort. The
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rate associated with the general population was further refined, however, to adjust for
potential confounding demographic factors by selecting a subset of the population that
represented the same breakdown as the cancer cohort in terms of known demographic
confounders such as age, sex, race, Hispanic origin, location of residency, and time period of
ascertainment. The reference rates needed for standardization with cancer cases were
already incorporated into the SEER*Stat MP-SIR software module as the result of
collaboration between SEER and the National Center for Health Statistics and the Census
Bureau.

Confidence intervals (Cls) were calculated using the exact method and were considered
statistically significant if the 99% CI did not include 1.0 26, Cancers for which the upper
boundary of the CI was <1.0 were considered to be significantly lower in risk for NSCLC
than expected, whereas cancers for which the lower boundary of the CI was >1.0 were
considered to be significantly higher in risk for NSCLC than expected. For sex-specific sites,
SIRs applied to only the sex for which the site of first primary was relevant. All analyses
were performed using SAS software (SAS Institute, Cary, NC) and SEER*Stat software
(version 8.2.1, 04.07.15 build).

Table 1 compares the characteristics of 31,062 NSCLC patients with a single previous
malignancy to those of 240,044 NSCLC patients without prior cancer. Three-quarters of
prior cancer patients were diagnosed with NSCLC after 2002. Those with previous
malignancy were more frequently older and male. Among NSCLC patients with previous
malignancy, there were 15,368 (49.5%) adenocarcinomas, 8,856 (28.5%) squamous cell
carcinomas, 1,279 (4.1%) large cell carcinomas, and 5,559 (17.9%) other NSCLC
histologies. These patients were more likely to be diagnosed with local disease and undergo
curative surgery, and less likely to receive radiation for NSCLC compared with patients
without previous cancer history. The median time to NSCLC diagnosis after initial primary
cancer was 60 months (IQR, 30-105 months).

Among 32,058 NSCLC patients who had one or more previous cancers, prostate was the
most common initial site (25.4%), followed by breast (15.9%), lung (14.4%), colorectal
(10.5%), head and neck (9.5%), bladder (8.8%), leukemia or lymphoma (5.5%), melanoma
(4.4%), uterus (2.2%), kidney (2.0%), thyroid (1.0%), and pancreas (0.3%). Patients with
former smoking-related cancers had the highest standardized incidence ratios of observed to
expected cases of NSCLC. These include patients with prior cancers of lung (SIR 4.88, ClI
4.70-5.07), head and neck (SIR 4.00, 99% CI 3.81-4.19), and bladder (SIR 1.97, CI
1.87-2.07). In order of decreasing magnitude, patients with previous pancreatic,
hematologic, renal, colorectal, and breast malignancies also had significantly elevated SIRs
for NSCLC (SIR range 1.09-1.44, Table 2, Figure 1). In contrast, uterine cancer, prostate
cancer, and melanoma survivors had significantly lower than expected NSCLC incidence
rates (SIR range 0.84-0.90).

Figure 1 compares the incidence rates for primary NSCLC after previous cancer in men
versus women. A higher than expected rate of NSCLC in prior pancreatic cancer patients
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was only significant in women (SIR 1.90, CI 1.30-2.68). In fact, women consistently had
higher observed NSCLC rates than men regardless of previous cancer site. When stratified
by race, black women with previous breast cancer demonstrated significantly higher SIR for
NSCLC (SIR 1.33, Cl 1.02-1.69) whereas white women with previous breast cancer did not
(SIR 1.05, C1 0.96-1.14). In Table 3, SIRs for NSCLC in 31,543 patients with previous
history of malighancy and known radiation status are displayed according to presence or
absence of radiation therapy for the initial cancer. Observed NSCLC incidence rates were
significantly higher than expected in survivors of lung, head and neck, bladder, colorectal,
and hematologic malignancies regardless of radiation therapy. Additionally, only patients
with prior pancreatic and breast cancer treated with radiation had significantly higher
incidence rates of NSCLC than expected (SIR 2.54, Cl 1.70-3.63 and 1.14 CI 1.08-1.20,
respectively). Pancreatic and breast cancer survivors without prior radiation therapy did not
have significantly increased SIRs for NSCLC.

SIRs for lung adenocarcinoma and squamous cell carcinoma in men and women as a second
primary following primary cancer of other sites are shown in Figures 2 and 3, respectively.
The incidence rates for both types of NSCLC after previous lung, head and neck, bladder,
and hematologic malignancy were similar. Former colorectal, pancreatic, renal, thyroid, and
breast cancer patients had higher SIR for lung adenocarcinoma (SIR range 1.1-1.9) but not
for squamous cell carcinoma (SIR range 0.9-1.1, CI crosses 1.0 for all sites). Specifically,
women with prior pancreatic cancer had significantly elevated incidence of lung
adenocarcinoma (SIR 2.37, ClI 1.48-3.59) while men with prior pancreatic cancer did not
(SIR 1.43, C1 0.80-2.34). The same significantly higher SIRs for lung adenocarcinoma were
observed in women with previous thyroid and breast cancer (SIR 1.31, Cl 1.05-1.62 and
1.14, CI 1.09-1.20, respectively). The latter was observed with or without prior radiation
therapy (Supplemental Table 2). Men who had prior prostate cancer treated with radiation
had a significantly elevated SIR for lung adenocarcinoma (1.08, Cl 1.01-1.15) while those
with the same previous cancer not treated with radiation had a significantly lower than
expected SIR for lung adenocarcinoma (0.90, CI 0.85-0.95). Radiation did not significantly
affect incidence rates of lung squamous cell carcinoma in those with previous malignancy at
any site (Supplemental Table 3).

Discussion

Our results support the literature in concluding that previous smoking-related and
hematologic malignancies have increased incidence of NSCLC regardless of sex, or prior
radiation therapy. The NCCN and AATS nonspecifically incorporate history of malignancy
in lung cancer screening guidelines in addition to reducing age criterion to 50 from 55 years
and pack-years criterion to 20 from 30. However, the extent to which many extrapulmonary
malignancies pose a risk for subsequent NSCLC independent of confounders such as
smoking history, prior cancer therapies, and other lung cancer risk factors is incompletely
understood. Our study sought to identify which prior cancer sites were associated with
higher NSCLC rates and whether sex or prior radiation therapy affected the risk. Similar to
previous descriptions, we found that NSCLC patients with cancer history were older and
more likely to have localized disease?’. This is likely due to active surveillance practices in
many cancer survivors. These patients also more often treated with surgery and not radiation
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compared to NSCLC patients without previous malignancy. This was reported in breast
cancer survivors who developed NSCLC and was also postulated to be due to heightened
surveillance?>.

We observed that patients with prior colorectal, pancreatic, renal, and breast cancer had
significantly higher rates of NSCLC, specifically adenocarcinoma. The reasons for this are
unclear but likely multifactorial and may be attributed to tumor biology and patient risk
factors including smoking history and for postmenopausal women, hormone exposure28. In
addition, our data suggested that the increased risk in prior pancreatic cancer patients was
limited to women who received prior radiation therapy. We also demonstrated a significantly
higher incidence of lung adenocarcinoma in patients with previous breast cancer regardless
of radiation therapy as well as those with prior thyroid cancer. However, we discovered that
three common previous malignancies (uterine, prostate, melanoma) were not associated with
increased rates of new NSCLC and survivors of these cancers may not benefit from
specialized screening. Interestingly, when stratified by radiation and histology, men with
history of prostate cancer treated with radiation had higher than expected incidence of lung
adenocarcinoma, but those without prior radiation therapy had lower than expected
incidence. Our data also suggested that women with previous cancers had a higher risk for
subsequent NSCLC than men. The effect of hormone exposure on lung cancer risk among
women is not well defined but may be a contributing factor in the elevated risk of second
primary lung cancer in women with previous malignancy, especially breast cancer®.

In the absence of individual smoking data in SEER, we were unable to determine the extent
to which a previous cancer affected the risk for new NSCLC independent of smoking
history. This constituted a significant limitation to our study. Other aspects of our study that
were limiting include the lack of information on chemotherapy as well as the exclusion of
patients with unknown radiation status when comparing NSCLC rates. When our analysis
was stratified by histology, sex, and radiation status, the sample sizes for patients with
certain previous malignancies became too small to show any significance in NSCLC
incidence. Additionally, we included only the twelve most common previous malignancy
sites in our analysis and therefore, cannot exclude the hypothesis that less common types of
malignancy may increase risk for new NSCLC. Additional research with pooled institutional
or larger population databases is necessary to evaluate the risk of NSCLC in survivors of less
common malignancies.

To our knowledge, the use of previous malignancy in screening criteria has never been
scrutinized. Although our conclusions are limited by lack of individual smoking history, we
report NSCLC incidence and risk using standardized incidence ratios among previous cancer
types, some of which have never been previously reported. Radiation and sex also factor
importantly into the risk for NSCLC in certain cancer survivors. Given the limitations of our
study, we seek to inspire further research with the collection of patient-level tobacco
exposure data to allow for more evidence-based evaluation of the appropriate smoking
threshold at which patients with previous history of malignancy should be screened for lung
cancer. We hope our data provides some granularity for understanding who may be at
increased risk for NSCLC having survived a previous malignancy and perhaps even more
importantly, who may not be at risk and therefore do not need additional screening.
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Currently, screening in the growing cancer survivor population should be considered on an
individual basis with careful consideration of smoking history, prior cancer therapies, time
since previous cancer, and other lung cancer risk factors. For active smokers with history of
antecedent cancer, every attempt should be made to promote smoking cessation during the
screening process to eliminate the modifiable risk in those susceptible to a second primary
lung cancer.

Conclusions

Using the SEER database and standardized incidence ratios, we studied the risk of NSCLC
in survivors of twelve common malignancies. Our findings concurred with results in the
literature, that survivors of smoking-related malignancies as well as those of breast and
hematologic malignancies had increased incidence of subsequent NSCLC. Additionally,
patients with previous pancreatic, renal, and colorectal malignancies also had elevated
incidences of NSCLC. In contrast, those with previous uterine cancer, prostate cancer, and
melanoma did not demonstrate increased NSCLC incidence rates. The risk of NSCLC in
survivors of previous malignancy was affected by sex and prior radiation therapy and was
most significant for development of a second lung adenocarcinoma. This data may have
important implications on current lung cancer screening criteria and further research with
individual smoking data is warranted to determine what thresholds these patients may
benefit from screening.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Practice Points

Certain health care organizations utilize specialized lung cancer screening criteria that
include history of prior malignancy in addition to reduced age and smoking thresholds.
Although previous studies have reported increased incidence of NSCLC in survivors of
previous lung cancer, head and neck cancer, bladder cancer, breast cancer, and
lymphoma, there is less known about the risk of NSCLC in survivors of other common
malignancies.

Our study uses a large population database to study the incidence of NSCLC among
survivors of thirteen common malignancies. We found that in addition to what has been
previously described, survivors of pancreatic, renal, and colorectal cancers also
demonstrate increased incidence for NSCLC. However, patients with previous prostate
cancer, uterine cancer, and melanoma did not demonstrate higher incidences of NSCLC.
Furthermore, we found that radiation therapy affected whether NSCLC was increased in
certain malignancies such as pancreatic and breast. The increased incidence for second
NSCLC primary was more prominent in cancer survivors who were women and more
frequently lung adenocarcinoma than squamous cell carcinoma.

Without smoking data, it is difficult to determine whether increased risk of NSCLC in
cancer survivors is due to previous malignancy or to smoking. However, our data may be
useful when considering which patients with previous malignancy may or may not
benefit from lung cancer screening. Additional research is necessary to determine what
thresholds other lung cancer risk factors such as age and smoking history should be used
for lung cancer screening criteria in the growing population of cancer survivors.
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Figure 1. Risk of primary non-small cell lung cancer (NSCLC) in patients with previous
malignancy by initial primary site

Clin Lung Cancer. Author manuscript; available in PMC 2018 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Wu et al. Page 12

Head and Neck — 02 4 Iz 5 |0|2 7
137 137 1.3 7
Colon and Rectum - ¢ ] [ ] <]
19 14 2.4
Pancreas - =0H - —3—

53 4.1 6.7
> Lung and Bronchus - o ) <]
] 1.0
£ Corpus and Uterus, NOS - [Women Only < |
o 1.0
& Prostate - [ ] fMen Only
g ; 1.9 18 2.4
L Urinary Bladder - o ] e
5 ) 1.4 1.4 1.4
@ Kidney - [¢] i o+
5 ) | 1.2 14 13

Thyroid —| el = & I
|14 1.3 1.1

Breast | <] -
10.9 p.8 1.1
Melanoma - ¢ | & |
14 1.3 1.6
Leukemia or Lymphoma -| | @ ¢ | < ]
T T T T TTTIT T T T TTI700 T T T TTIThT
0.1 1 2 4610 041 1 2 4610 01 1 2 4610

All Men Women
N=15,776 N=8,712 N=7,064

Standardized Incidence Ratio (Observed/Expected)

Figure 2. Risk of primary lung adenocarcinoma in patients with previous malignancy by initial
primary site
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Figure 3. Risk of primary lung squamous cell carcinoma in patients with previous malignancy by
initial primary site
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Table 1

NSCLC patient characteristics by previous cancer status.

Page 14

No Previous Cancer N=240,044 (%) Single Previous Cancer N=31,062 (%) p-value
Diagnosis Time Period ~ 1992-1996 53,254 (22.2) 2,594 (8.4) <.0001
1997-2001 53,150 (22.1) 5,811 (18.7)
2002-2006 60,576 (25.2) 9,357 (30.1)
2007-2012 73,064 (30.4) 13,300 (42.8)
Age Median (IQR7) 69 (60-76) 73 (66-79)  <.0001
Sex Men 133,753 (55.7) 19,014 (61.2)  <.0001
Women 106,291 (44.3) 12,048 (38.8)
Race/Ethnicity White 188,066 (78.3) 25,757 (82.9)  <.0001
Black 28,988 (12.1) 3,437 (11.1)
API 21,575 (9.0) 1,785 (5.7)
Al/AK 831 (0.3) 75 (0.2)
Unknown 584 (0.2) 8 (0.0)
Histology Squamous 64,663 (26.9) 8,856 (28.5) <.0001
Adenocarcinoma 118,633 (49.4) 15,368 (49.5)
Large Cell 14,906 (6.2) 1,279 (4.1)
NSCLC NOS 41,842 (17.4) 5,559 (17.9)
Summary Stage Local 45,607 (19.0) 9,952 (32.0) <.0001
Regional 62,746 (26.1) 8,419 (27.1)
Distant 121,533 (50.6) 11,577 (37.3)
In Situ 201 (0.1) 11 (0.0)
Unknown 9,957 (4.1) 1,103 (3.6)
Grade Well 12,318 (5.1) 2,314 (7.4) <.0001
Moderate 42,229 (17.6) 6,941 (22.3)
Poor 74,064 (30.9) 9,163 (29.5)
Undifferentiated 9,577 (4.0) 857 (2.8)
Unknown 101,856 (42.4) 11,787 (37.9)
Surgery None 159,391 (66.4) 18,219 (58.7)  <.0001
Curative 55,392 (23.1) 9,939 (32.0)
Other 24,027 (10.0) 2,780 (8.9)
Unknown 1,234 (0.5) 124 (0.4)
Radiation None 135,582 (56.5) 20,649 (66.5) <.0001
Radiation 100,564 (41.9) 10,011 (32.2)
Unknown 3,898 (1.6) 402 (1.3)

fIQRzlnterquartiIe range.

Abbr: API=Asian/Pacific Islanders, AI/AN=American Indians/Alaska Natives.
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Risk of Primary NSCLC after Previous Malignancy by Site of Initial Primary.

Table 2

Previous Primary Site

Observed N=32,0587

Expected N=24,852  SIR (99% CI)

Head and Neck
Colon and Rectum
Pancreas

Lung and Bronchus
Uterus

Prostate

Bladder

Kidney

Thyroid

Breast
Melanoma

Leukemia/Lymphoma

3,047
3,367
97
4,624
713
8,139
2,834
647

321
5,085

1,425

1,759

762
2,899
67
947
790
9,491
1,440
534

297
4,678

1,691

1,256

4(3.81-4.19)

*

1.16 (1.11-1.21) ©

1.44 (1.09-1.86)

*

4.88 (4.70-5.07)
0.90 (0.82-0.99) *

0.86 (0.83-0.88) *

*

1.97 (1.87-2.07) "

*

1.21 (1.09-1.34)

1.08 (0.93-1.24)
1.09 (1.05-1.13)
0.84 (0.79-0.90) *

1.4 (1.32-1.49)

Page 15

fTotaI observed cases include 31,062 patients with one previous primary, 942 with two previous primaries, and 54 with three or more previous

cancer primaries

SIR = standardized incidence ratio

*
Incidence rate significantly lower than expected (using exact method and 99% Cls).

Hok

Incidence rate significantly higher than expected (using exact method and 99% Cls).
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