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ABsTrACT
Overall survival of patients with cancer continues to 
increase and so they receive more frequent CT imaging, 
making oncological patients a growing population that 
effectively receives lung cancer screening in the course of 
daily practice. However, it is currently uncertain how early 
lung cancer detection in this subgroup of patients should 
be optimally managed. We describe the relationship 
between primary lung cancer and prior malignancies in 
a nationwide cohort, in an attempt to identify possible 
areas of improvement in nodule management. We found 
that a substantial number of subjects with lung cancer 
suffered from a prior malignancy; however, with the 
exception of otorhinolaryngeal malignancies, they did 
not show a high absolute risk for lung cancer. Future 
research should provide more data on how to handle this 
subgroup of patients in clinical and screening setting.

InTroduCTIon
Management of incidentally detected solitary pulmo-
nary nodules is a common and challenging task 
in patients with a previous malignancy.1 There is 
currently insufficient data on the relationship between 
lung cancer and other malignancies, and challenges are 
growing as overall survival of oncological patients has 
been on the rise for decades. As a consequence, their 
risk of developing new malignancies has increased, 
as has the use of CT. Recommendations for CT 
follow-up have been developed for uniform manage-
ment2 3; however, some recommendations do not 
apply to patients with previous malignancies.2 Outside 
clinical care, in lung cancer screening trials, certain 
candidates with a history of malignancy are purpose-
fully excluded. In order to assess the relationship 
between different malignancies and a subsequent risk 
of developing primary lung cancer, this study evaluates 
the relationship between lung cancer and extrapulmo-
nary malignancies in a nationwide study.

MeThods
Since this study uses non-traceable patient data, no 
informed consent was needed. Data were obtained 
from the National Cancer Registry in The Nether-
lands (IKNL). Data on smoking history and other 
risk factors were unavailable.

The first part of this study included all adult patients 
with lung cancer between 2011 and 2015. We evalu-
ated whether they had a preceding malignancy, and 
if so, what type. Metachronous disease was arbitrarily 
defined as an interval of at least 3 months between 
prior malignancy and subsequent lung cancer diag-
nosis. In the second part, we selected all adults with 
extrapulmonary cancer diagnosed in 2010 and eval-
uated the 5-year absolute risk for developing lung 
cancer.

See online supplementary S1 for more detailed 
information on study methodology.

resulTs
We investigated 72 604 subjects (median age 69 years 
(IQR 61–76 years); 42 655 men; 14 699 <60 years) 
with 72 948 primary lung cancers. In total, 11 641 
(16% (95% CI 15.7 to 16.2)) had previous malignan-
cies, 5321 (46% (95% CI 44.8 to 46.6)) of them in 
the 5 years prior to lung cancer diagnosis. The most 
common subtypes were otorhinolaryngeal, gastroin-
testinal, skin, breast and male reproduction system 
malignancies (table 1).

In 2010, a total of 85 579 subjects were diagnosed 
with an extrapulmonary malignancy, of whom 1069 
subjects (1.2% (95% CI 1.2 to 1.3)) developed an 
incident lung cancer within 5 years. Of the more 
common malignancies, otorhinolaryngeal cancer 
showed the highest absolute risk for lung cancer 
(4.3% (95% CI 3.7 to 5.1)), compared with other 
cancers (mean 1.1% (95% CI 1.1 to 1.2)). See tables 2 
and 3 for detailed data.

dIsCussIon
The relationship between primary lung cancer and 
prior malignancies is increasingly important as 
oncological patients represent a growing body who 
undergo imaging, while it is uncertain how to handle 
them regarding early lung cancer detection.

Lung cancer has a dismal prognosis with an overall 
mortality:incidence ratio of 0.87.4 A way to improve 
outcome is early diagnosis through screening or 
through follow-up of small nodules in routine care. 
The Fleischner Society recommendations state that 
they do not apply to ‘subjects with known primary 
cancers at risk for metastases’,2 and major lung cancer 
screening studies use most types of (recent) malignan-
cies as exclusion criteria.5 6 As the competing risk of 
pulmonary metastases is hard to quantify, in onco-
logical patients nodule follow-up and management 
guidelines may be deviated from more frequently 
than needed, leading to variation in daily practice.1

We found that 16% of all lung cancer cases in our 
study had suffered from a prior malignancy, 46% of 
them in the 5 years prior to lung cancer diagnosis. 
When defining the arbitrary ‘at risk for metastases’ 
as a 5-year period, the consequence in clinical 
context would be that the nodule management guide-
line would not be applicable in 7 out of every 100 
subjects that will develop a lung cancer.2 The abso-
lute numbers are sizeable as lung cancer is the number 
one malignancy worldwide, with an estimated annual 
incidence around 1.8 million.4 As we found that 
most of the malignancy subgroups do not show a 
substantially higher absolute risk for lung cancer, 
and given that risk for metastases is hard to define, 
one may question whether patients with for example 
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(early stages of) breast, prostate and gastrointestinal cancer should 
be treated differently than non-oncological subjects. Indeed, the 
British Thoracic Society does not exclude oncological subjects in 
their pulmonary nodule management guideline,3 in contrast to the 
Fleischner Society.2

Outside the routine clinical context, there may be opportuni-
ties for improvement in cancer screening practice. There is no 
reason to exclude oncological subjects with a good prognosis, 
as the only result will be that some of the positive findings will 
prove to be metastatic disease instead of a primary lung cancer. 
Moreover, certain malignancies might even be a relevant risk 
modifier for primary lung cancer that would justify less stringent 
inclusion criteria into screening programmes for some subjects.

In our study, otorhinolaryngeal malignancies stood out by 
showing a substantial number of lung cancers during 5-year 
follow-up. Peripheral nerve tumours too showed a higher abso-
lute risk; however, this is of limited relevance given the very 
low incidence. Head and neck cancers are known to have a 
high incidence of second primary tumours, often located in the 
lungs.7 8 Otorhinolaryngeal malignancies showed a 5-year abso-
lute lung cancer risk of 4.3%, which is substantial compared 
with the 2-year risk of lung cancer of 1.3% in the NELSON 
screening population and the 6.5-year incidence of 4.0% in 

NLST. A recent study to improve selection of high-risk screening 
participants even applied a 6-year risk of 2% for entry.9 In that 
light, it seems reasonable to further explore the relationship 
between certain prior extrapulmonary malignancies and lung 
cancer to improve early lung cancer detection and screening 
yields. Currently, clinical guidelines for head and neck cancer do 
not specifically recommend CT chest imaging in follow-up (see 
online supplementary S2).

Unfortunately, our study did not have data on smoking history 
or other lung cancer risk factors available. Therefore, it is not 
possible to comment on the exact effect size of these factors. 
We also cannot assess if the absolute risk of lung cancer in 
the otorhinolaryngeal subgroup is higher than in the standard 
population due to unknown standardised incidence ratio rates. 
However, a risk higher than in current screening populations 
should encourage to reconsider inclusion criteria.

In conclusion, we describe the current relationship between 
primary lung cancer and prior malignancies in a nationwide cohort. 
Although oncological patients are a growing body imaged in 
daily-routine and lung cancer screening, it is uncertain how they 
should be handled optimally regarding early lung cancer detection. 
Future research should explore this underexposed area and we hope 
this communication will lead to further discussions and initiatives.

Table 1 Association between lung cancer and prior malignancies

lung cancers diagnosed in 2011–2015 in the netherlands (n=72 948)

overall Gender Age

No of diagnosed malignancies prior to the lung cancer

  None 61 307 (84.0%) 35 953 25  354 13  517 47  790

  One 10 305 (14.1%) 6063 4242 1154 9151

  Two 1217 (1.7%) 771 446 74 1143

  Three 110 (0.2%) 72 38 8 102

  Four 9 (0.0%) 6 3 1 8

one previous cancer
n=10  305

Two previous cancers
n=1217

Three previous cancers
n=110

Four previous cancers
n=9

Interval, years (median (IQR)) 7 (3–13) 11 (6–18) 13 (8–20) 13 (12.5–14.5)

Prior malignancy, N (%)

  Otorhinolaryngeal 1103 (10.7) 173 (14.2) 21 (19.1) 3 (33.3)

  Eyes 25 (0.2) 3 (0.2) 0 (–) 0 (–)

  Gastrointestinal 1369 (13.3) 203 (16.7) 17 (15.5) 1 (11.1)

  Hepatobiliary 54 (0.5) 6 (0.5) 1 (0.9) 0 (–)

  Urological 819 (7.9) 113 (9.3) 11 (10.0) 2 (22.2)

  Abdominal, other 9 (0.1) 0 (–) 0 (–) 0 (–)

  Musculoskeletal 73 (0.7) 6 (0.5) 0 (–) 0 (–)

  Cardiomediastinal and pleural 10 (0.1) 1 (0.1) 0 (–) 0 (–)

  Airways and lung 387 (3.8) 30 (2.5) 5 (4.5) 0 (–)

  Neuronal, peripheral 0 (–) 0 (–) 0 (–) 0 (–)

  Neuronal, central 29 (0.3) 1 (0.1) 0 (–) 0 (–)

  Endocrine 37 (0.4) 14 (1.2) 0 (–) 0 (–)

  Haematological and lymphoid 812 (7.9) 117 (9.6) 16 (14.5) 1 (11.1)

  Skin 1409 (13.7) 157 (12.9) 13 (11.8) 1 (11.1)

  Breast 1955 (19.0) 166 (13.6) 11 (10.0) 1 (11.1)

  Female reproduction system 418 (4.1) 81 (6.7) 5 (4.5) 0 (–)

  Male reproduction system 1756 (17.0) 141 (11.6) 10 (9.1) 0 (–)

  Unknown* 40 (0.4) 5 (0.4) 0 (–) 0 (–)

*Clinical diagnosis without pathological confirmation, or unknown primary location of pathologically confirmed metastasis.
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Table 2 Incident lung cancers during 5-year follow-up after extrapulmonary malignancies diagnosed in 2010 in the Netherlands

Category

no lung cancer lung cancer no lung cancer lung cancer

Total <60 years ≥60 years <60 years ≥60 years Male Female Male Female

n n (%) n (%) n (%) n (%)

Otorhinolaryngeal 3066 977 (31.9) 1957 (63.8) 31 (1.0) 101 (3.3) 1923 (62.7) 1011 (33.0) 107 (3.5) 25 (0.8)

Neuro, peripheral 29 12 (41.4) 16 (55.2) 0 (–) 1 (3.4) 17 (58.6) 11 (37.9) 0 (–) 1 (3.4)

Urological 5502 1011 (18.4) 4387 (79.7) 14 (0.3) 90 (1.6) 3787 (68.8) 1611 (29.3) 86 (1.6) 18 (0.3)

Dermatology 12 889 3304 (25.6) 9376 (72.7) 29 (0.2) 180 (1.4) 6580 (51.1) 6100 (47.3) 140 (1.1) 69 (0.5)

Male reproduction system 11 570 1956 (16.9) 9432 (81.5) 14 (0.1) 168 (1.5) 11 388 (98.4) N/A 182 (1.6) N/A

Haematological and lymphoid 7118 1933 (27.2) 5096 (71.6) 16 (0.2) 73 (1.0) 3994 (56.1) 3035 (42.6) 51 (0.7) 38 (0.6)

Gastrointestinal 17 756 3373 (19.0) 14 207 (80.0) 27 (0.2) 149 (0.8) 10 153 (57.2) 7427 (41.8) 116 (0.7) 60 (0.3)

Musculoskeletal 901 418 (46.4) 475 (52.7) 2 (0.2) 6 (0.7) 502 (55.7) 391 (43.4) 4 (0.4) 4 (0.4)

Breast 13 424 6287 (46.8) 7024 (52.3) 35 (0.3) 78 (0.6) 92 (0.7) 13 219 (98.5) 3 (0.0) 110 (0.8)

Female reproduction system 4438 1528 (34.4) 2877 (64.8) 4 (0.1) 29 (0.7) N/A 4405 (99.3) N/A 33 (0.7)

Endocrine 625 389 (62.2) 233 (37.3) 0 (–) 3 (0.5) 183 (29.3) 439 (70.2) 1 (0.2) 2 (0.3)

Abdominal, other 244 56 (23.0) 187 (76.6) 1 (0.4) 0 (–) 61 (25.0) 182 (74.6) 1 (0.4) 0 (–) 

Eye 269 85 (31.6) 183 (68.0) 0 (–) 1 (0.4) 139 (51.7) 129 (48.0) 1 (0.3) 0 (–) 

Hepatobiliary 3482 657 (18.9) 2815 (80.8) 3 (0.1) 7 (0.2) 1832 (52.6) 1640 (47.1) 6 (0.2) 4 (0.1)

Cardiomediastinal and Pleural 651 110 (16.9) 540 (82.9) 0 (–) 1 (0.2) 547 (84.0) 103 (15.8) 1 (0.2) 0 (–) 

Unknown* 2206 413 (18.7) 1789 (81.1) 0 (–) 4 (0.2) 1098 (49.8) 1104 (50.0) 0 (–) 4 (0.2)

Neuro, central 1339 564 (42.1) 773 (57.7) 2 (0.2) 0 (–) 771 (57.6) 566 (42.3) 1 (0.1) 1 (0.1)

Airways and lung, other† 70 17 (24.3) 53 (75.7) 0 (–) 0 (–) 39 (55.7) 31 (44.3) 0 (–) 0 (–) 

Total 85 579 84 510 (98.8) 1069 (1.2) 84 510 (98.8) 1069 (1.2)

*Clinical diagnosis without pathological confirmation, or unknown primary location of pathologically confirmed metastasis.
†Includes tracheal carcinoma and sarcoma. N/A Not applicable.

Table 3 Five-year absolute risk for incident lung cancer

Category

Absolute risk for incident lung cancer

overall Male Female <60 years ≥60 years

% (95% CI) % (95% CI) % (95% CI)

Otorhinolaryngeal 4.3 (3.7 to 5.1) 5.3 (4.4 to 6.3) 2.4 (1.6 to 3.5) 3.1 (2.2 to 4.3) 4.9 (4.1 to 5.9)

Neuro, peripheral 3.4 (0.6 to 17.2) 0 (0.0 to 11.7) 8.3 (1.5 to 35.4) 0 (0.0 to 24.3) 5.9 (1.1 to 27.0)

Urological 1.9 (1.6 to 2.3) 2.2 (1.8 to 2.7) 1.1 (0.7 to 1.7) 1.4 (0.8 to 2.3) 2.0 (1.6 to 2.5)

Dermatology 1.6 (1.4 to 1.9) 2.1 (1.8 to 2.5) 1.1 (0.9 to 1.4) 0.9 (0.6 to 1.3) 1.9 (1.6 to 2.2)

Male reproduction system 1.6 (1.4 to 1.8) 1.6 (1.4 to 1.8) N/A 0.7 (0.4 to 1.2) 1.8 (1.5–2.0)

Haematological and lymphoid 1.3 (1.0 to 1.5) 1.3 (1.0 to 1.7) 1.2 (0.9 to 1.7) 0.8 (0.5 to 1.3) 1.4 (1.1 to 1.8)

Gastrointestinal 1.0 (0.9 to 1.2) 1.1 (1.0 to 1.4) 0.8 (0.6 to 1.0) 0.8 (0.5 to 1.2) 1.0 (0.9 to 1.2)

Musculoskeletal 0.9 (0.5 to 1.7) 0.8 (0.3 to 2.0) 1.0 (0.4 to 2.6) 0.5 (0.1 to 1.7) 1.3 (0.6 to 2.7)

Breast 0.8 (0.7 to 1.0) 3.2 (1.1 to 8.9) 0.8 (0.7 to 1.0) 0.6 (0.4 to 0.8) 1.1 (0.9 to 1.4)

Female reproduction system 0.7 (0.5 to 1.0) N/A 0.7 (0.5 to 1.0) 0.3 (0.1 to 0.7) 1.0 (0.7 to 1.4)

Endocrine 0.5 (0.2 to 1.4) 0.5 (0.1 to 3.0) 0.5 (0.1 to 1.6) 0 (0.0 to 1.0) 1.3 (0.4 to 3.7)

Abdominal, other 0.4 (0.1 to 2.3) 1.6 (0.3 to 8.6) 0 (0.0 to 2.1) 1.8 (0.3 to 9.3) 0 (0.0 to 2.5)

Eye 0.4 (0.1 to 2.1) 0.7 (0.1 to 3.9) 0 (0.0 to 2.9) 0 (0.0 to 4.3) 0.5 (0.1 to 3.0)

Hepatobiliary 0.3 (0.2 to 0.5) 0.3 (0.2 to 0.7) 0.3 (0.1 to 0.8) 0.5 (0.2 to 1.3) 0.2 (0.1 to 0.5)

Cardiomediastinal and pleural 0.2 (0.0 to 0.9) 0.2 (0.0 to 1.0) 0 (0.0 to 3.6) 0 (0.0 to 3.4) 0.2 (0.0 to 1.0)

Unknown* 0.2 (0.1 to 0.5) 0 (0.0 to 0.4) 0.4 (0.1 to 0.9) 0 (0.0 to 0.9) 0.2 (0.1 to 0.6)

Neuro, central 0.1 (0.0 to 0.5) 0.1 (0.0 to 0.7) 0.2 (0.0 to 1.0) 0.4 (0.1 to 1.3) 0 (0.0 to 0.5)

Airways and lung, other† 0 (0.0 to 5.2) 0 (0.0 to 9.0) 0 (0.0 to 11.0) 0 (0.0 to 18.4) 0 (0.0 to 6.8)

All 1. 1 (1.2 to 1.3) 1.6 (1.5 to 1.7) 0.9 (0.8 to 1.0) 0.8 (0.7 to 0.9) 1.4 (1.3 to 1.5)

*Clinical diagnosis without pathological confirmation, or unknown primary location of pathologically confirmed metastasis.
†Includes tracheal carcinoma and sarcoma. N/A Not applicable.
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