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ABSTRACT
Objective  Lung cancer is a common malignancy in 
rheumatoid arthritis (RA). Since smoking is a risk factor for 
both (seropositive) RA and lung cancer, it remains unclear 
whether RA, in itself, increases lung cancer risk.
Methods  We performed a population-based cohort study 
of patients with RA and individually matched general 
population reference individuals identified in Swedish 
registers and from the Epidemiological Investigation of 
RA early RA study, prospectively followed for lung cancer 
occurrence 1995–2018. We calculated incidence rates and 
performed Cox regression to estimate HRs including 95% 
CIs of lung cancer, taking smoking and RA serostatus into 
account.
Results  Overall, we included 44 101 patients with RA 
(590 incident lung cancers, 56 per 100 000), and 216 495 
matched general population individuals (1691 incident 
lung cancers, 33 per 100 000), corresponding to a crude 
HR (95% CI) of 1.76 (1.60 to 1.93). In subset analyses, 
this increased risk remained after adjustment for smoking 
(HR 1.77, 95% CI 1.06 to 2.97). Compared with general 
population subjects who were never smokers, patients 
with RA who were ever smokers had almost seven times 
higher risk of lung cancer. In RA, seropositivity was a 
significant lung cancer risk factor, even when adjusted for 
smoking, increasing the incidence 2–6 times. At 20 years, 
the risk in patients with RA was almost 3%, overall and 
over 4% for patients who were ever smokers and had at 
least one RA autoantibody.
Conclusions  Seropositive RA is a risk factor for lung 
cancer over and above what can be explained by smoking, 
although residual confounding by smoking or other airway 
exposures cannot be formally excluded. There is a need 
for increased awareness and potentially for regular lung 
cancer screening, at least in a subset of patients with RA.

INTRODUCTION
During recent years, there has been an 
increasing interest in the role of the lungs 
in rheumatoid arthritis (RA), not only as a 
common extra-articular manifestation of the 
disease itself but also as a possible site of trig-
gering of a pivotal immune response: auto-
immune features such as the production of 
rheumatoid factor (RF) and anti-citrullinated 

peptide antibodies (ACPAs) may appear years 
before the onset of joint symptoms and in the 
absence of systemic inflammation, and raise 
the hypothesis that the initial triggering of 
autoimmunity in RA may take place outside 
the joints.1 2

Smoking has been shown to be a strong 
environmental risk factor for development of 
ACPA positive RA, particular in the presence 
of one of the major genetic determinants 
of RA, the human leucocyte antigen class II 
shared epitope.3 Smoking, and potentially 
also other airway exposures, induce local 
inflammation and promote citrullination of 
proteins in the lungs.4 5 Signs of bronchial 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Lung cancer is one of the most common malig-
nancies in patients with rheumatoid arthritis (RA). 
Several risk determinants for lung cancer in RA have 
been proposed, including male sex, smoking and 
interstitial lung disease, but the aetiological ques-
tions of whether and to what extent the increased 
risk of lung cancer in RA is simply explained by the 
increased prevalence of smoking, and whether this 
risk differs between seropositive and seronegative 
RA, taking smoking into account, remain unresolved.

WHAT THIS STUDY ADDS
	⇒ Our study showed that RA seropositivity, in particu-
lar anticitrullinated peptide antibody (ACPA) positiv-
ity and double seropositivity (rheumatoid factor and 
ACPA), is a strong and at least seemingly indepen-
dent risk factor for lung cancer in RA. The magnitude 
of increased risk is 2–6 times, while the absolute 
risk at 20 years after diagnosis is almost 3%, overall, 
and over 4% for patients who were ever smokers 
and had at least one autoantibody.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our results raise the question of whether regu-
lar CT lung screening of ever smokers who have 
autoantibody-positive RA, should be considered.
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mucosal inflammation with germinal centre formation 
and local production of antibodies have been described 
in patients with early untreated RA.6 Together, these 
observations suggest that the lungs might be one site 
of initiation of RA. Smoking is also one of the strongest 
known risk factors for lung cancer. The link between 
chronic immune activation and tumorigenesis is well 
established.7 Tobacco smoke induces inflammatory 
and mutagenic effects in the lungs, which promote a 
procancer immune response. Indeed, the initial patho-
logical hallmark of smoking is a widespread inflamma-
tory infiltrate throughout the lung parenchyma.8

Lung cancer is one of the most common malignan-
cies in patients with RA.9 In a meta-analysis of studies 
on cancer risks in RA versus the general population, the 
risk of lung cancer was significantly (an average 60%) 
increased in RA.10 Several risk determinants for lung 
cancer in RA have been proposed, including male sex, 
smoking and interstitial lung disease (ILD),11–13 but the 
aetiological questions of whether and to what extent the 
increased risk of lung cancer in RA is simply explained by 
the increased prevalence of smoking, and whether this 
risk differs between seropositive and seronegative RA, 
taking smoking into account, remain unresolved. Simi-
larly, from a clinical point of view, assessments of absolute 
risk in patients with RA would be important to gauge the 
potential for routine screening for lung cancer.

Therefore, the aims of this study were to examine 
whether and to what extent the increased risk of lung 
cancer in RA may (or may not) be attributable to smoking, 
and to examine this association in terms of absolute and 
relative risks specifically in relation to RA serostatus.

PATIENTS AND METHODS
Study design
We performed a population-based matched cohort study 
in which patients with a clinical diagnosis of RA identified 
from different data sources, and individually matched 
reference individuals from the general population, 
were prospectively followed for lung cancer occurrence 
from 1 January 1995 to 31 December 2018. Patients in 
Swedish Rheumatology Quality (SRQ) and in Epidemi-
ological Investigation of RA (EIRA) were diagnosed with 
RA and entered into the SRQ (and invited into EIRA) 
based on the clinical RA diagnosis by their treating rheu-
matologist, in turn based on the ACR 1987 or EULAR/
ACR 2010 criteria. To identify patients with RA from the 
National Patient Register (NPR), we used previously vali-
dated algorithms based on ICD-codes.14 General popu-
lation comparator subjects were matched for age, sex, 
calendar period and area of residence and received the 
same date of entry as their matched index-case with RA.

Setting, data sources, study population
This study was based on linkages between the SRQ 
Register and its adjunct biobank (SRQ biobank), the 
Swedish EIRA case–control study and the NPR, the 

Swedish Cancer Register, the Prescribed Drug Register, 
the Swedish Cause of Death Register and the Swedish 
Population Register (online supplemental figure 1). 
These data sources have been described elsewhere15 and 
are summarised in online supplemental file.

We defined our study cohort of incident RA from the 
following three overlapping data sources: SRQ, EIRA 
and NPR. For each unique patient with RA, we identified 
five matched general population comparator subjects, 
alive the year of entry of their index individual. Study 
population definition is described in detail in online 
supplemental file. In EIRA, a cap at 75 years of age at RA 
diagnosis was used.

Exposures
In a first analysis, the incidence of lung cancer (= 
outcome) in individuals in the overall RA cohort and in 
the EIRA subcohort (exposure=RA) was compared with 
that of the general population comparison cohorts.

In a second analysis, restricted to patients with RA 
from the EIRA cohort, exposure was defined based on 
RA autoantibody status (RF and ACPA). We collected 
information on seropositivity from three overlapping 
sources, in a hierarchical manner (online supplemental 
figure 2A and B): the SRQ biobank, EIRA and the SRQ. 
In SRQ biobank, information on RF and ACPA is defined 
based on central testing of RF IgM and ACPA using a 
fluoroenzyme-immunoassay (Elia assay, Phadia, Freiburg, 
Germany). In SRQ, information on seropositivity was 
based on the ICD-code (International Classification of 
Diseases code) for RA entered by the treating rheuma-
tologist (online supplemental figure 2A and B). Sero-
positivity in EIRA was defined according to the clinical 
diagnosis (local immunology laboratory). On the basis of 
these sources of information, each RA patient’s exposure 
status (seropositivity) was categorised according to binary 
but not mutually exclusive definitions: (1) RF and/or 
ACPA positive vs all others; (2) RF positive vs all others; 
(3) ACPA-positive versus all others and (4) RF and ACPA 
double positive (vs all others). For those exposure defi-
nitions that were determined via information from SRQ 
biobank (n=174, 8% of all), which could have pertained 
to a time-point after the entry into the RA cohort (median 
time difference between entry into the RA cohort and 
entry into SRQ biobank was 21 months (IQR 4–60)), start 
of follow-up was set to the time of entry into SRQ biobank 
in order to avoid immortal time bias.

Follow-up
Follow-up started at the cohort (-specific) date of entry, 
and at the same date for their matched population 
control subjects. Follow-up ended at the first of: first ever 
occurrence of lung cancer, end of the study period (31 
December 2018), death or emigration from Sweden. In 
each (RA and comparator) cohort, we assessed the total 
number of person-years at risk and incident lung cancers 
and calculated incidence rates counting from start of 
follow-up.
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Outcome
We defined the primary outcome as a first ever lung 
cancer diagnosis (ICD code C34.9) registered in the 
Swedish Cancer register. Individuals with a history of 
lung cancer at start of follow-up were excluded. In sepa-
rate analyses, we changed the outcome (from incident 
lung cancer) to death from lung cancer, using data from 
the Cause of Death register.

Covariates
We identified the following covariates through register 
linkages: age, sex, birth year, country of birth, county 
of residency, hospital resource utilisation and selected 
comorbidities up to 5 years before start of follow-up: 
number of hospitalisations, hospitalisations or specialty 
care outpatients visits listing ICD codes for respiratory 
diseases, chronic obstructive pulmonary disease (COPD), 
heart failure, ischaemic heart disease and renal failure.

Smoking status was collected from the EIRA ques-
tionnaire (incident cases with RA and their population 
controls), and was structurally missing for patients exclu-
sively identified in the Patient Register. Analyses taking 
smoking into account were therefore restricted to indi-
viduals taking part in the EIRA study. We defined individ-
uals who (by the time their smoking status was assessed) 
had never smoked as non-smokers, and those who were 
current or ex-smokers as ever smokers, irrespective of the 
reported number of cigarettes per day. We further calcu-
lated pack-years by multiplying the reported number of 
cigarettes smoked per day by the number of years the 
person had smoked.

Statistical methods
In a first set of analyses, we assessed the risk of lung cancer 
in the entire RA population (patients identified with RA 
in the NPR, SRQ or EIRA, total n=44 101) compared with 
their 216 495 matched general population comparator 
individuals. We performed Cox regression to estimate 
HRs and their corresponding 95% CIs, using time since 
start of follow-up as time-scale. Besides crude models 
conditioned on matching set, we also fitted two models: 
(1) model A, adjusted for age, sex, year of cohort entry, 
county of residency and (2) model B: adjusted for all the 
above, plus individual comorbidities. We also performed 
adjusted Cox regression analysis (same as model B above) 
with death from lung cancer as the outcome.

In a second set of analyses, we performed the above 
analyses in the subcohort of patients with RA partici-
pating in the EIRA study and their original matched 
population controls, for whom detailed smoking data 
up until RA diagnosis were available, and fitted a further 
adjusted model (C), similar to model B but additionally 
adjusted for smoking status (ever/never). Stratified anal-
yses by smoking status (ever vs never, current vs past), 
and analyses with adjustment for pack-years of smoking 
(as a continuous instead of binary variable) were also 
performed.

In a third set of analyses, restricted to patients with RA 
from the EIRA cohort, we assessed the risk of lung cancer 
by smoking status, and by RF and anti-ACPA status, as 
available and using mutually non-exclusive categorisa-
tions: (1) RF and/or ACPA positive vs all others; (2) RF 
positive vs all others; (3) ACPA-positive versus all others, 
and (4) RF and ACPA double positive (vs all others)). 
Besides crude Cox regression, we fitted four models: 
model A, B and C as above, and model D, where instead 
of smoking as a dichotomous variable (ever vs never) we 
used pack-years for those subjects with available infor-
mation (N=1794 (87%) of the 2060 patients with RA, 
and 2442 (88%% of the 2779 EIRA population control 
subjects).

All statistical analyses were performed using SPSS V.25.

RESULTS
Table 1 summarises baseline characteristics for the whole 
study population and for the subcohort from EIRA. In the 
former, the mean age (SD) at RA diagnosis was 61 (16) 
years and the percentage of females was 69%. In the EIRA 
cohort, patients and controls were on average younger, 
which explains the lower prevalence of comorbid condi-
tions (table 1).

Occurrence, cumulative incidence and relative risk of lung 
cancer in RA versus population comparator subjects: results 
from all three RA cohorts combined
During a mean follow-up of 7.3 years for the overall RA 
cohort (n=44 101) and 7.6 years for the general popu-
lation comparator (n=216 495), we identified 590 inci-
dent lung cancers (56 per 100 000) among the patients 
with RA and 1691 cases (33 per 100 000) in the general 
population comparator. Sixty-five per cent of the lung 
cancer cases in the RA group and 61% in the general 
population group were diagnosed during the first 5 years 
after diagnosis. During the same time frame, the cumula-
tive incidence of lung cancer was 0.9% in the RA cohort 
and 0.5% in the general population comparison cohort. 
During the entire follow-up, the crude HR (95% CI) was 
1.76 (1.60 to 1.93), which remained statistically signifi-
cantly elevated even after adjustment for age, sex, index 
year, county of residency and comorbidities(HR (95% 
CI) = 1.70 (1.54 to 1.87)) (table 2).

Occurrence, cumulative incidence and relative risk of lung 
cancer in RA versus population comparator subjects: results 
from the EIRA study
During a mean follow-up of 9 years (same for patients 
with RA, n=2060 and their controls, n=2779), 36 incident 
lung cancers (73 per 100 000) occurred among the RA 
cases, compared with 26 (39 per 100 000) among their 
controls (table  2). Overall, the crude HR (1.72, 95% 
CI 1.04 to 2.86) remained largely unchanged following 
adjustment for comorbidities and smoking (table 2).

Analyses stratified by smoking status (never vs ever) at RA 
diagnosis (=inclusion into EIRA) revealed that 34 (94%) 
of the 36 incident lung cancer cases in the patients with 
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RA and 21 (84%) out of the 25 lung cancer cases among 
their population control occurred among ever smokers. 
The HR for lung cancer in RA versus general population 
when adjusted for comorbidities was 1.82 (1.06–3.17) in 
the ever smoker subset and 1.40 (0.25–7.77) in the subset 
of never-smokers (table  2). When instead stratified by 
current versus past smoking, the HRs for lung cancer in 
RA versus general population in the subgroup of current 
smokers was 2.73 (95% CI 1.21 to 6.16) and 0.94 (95% CI 
0.38 to 2.30) among past smokers, when adjusted for age, 
sex, calendar-year and pack-years of smoking.

Among the EIRA population comparator subjects 
without RA, ever (vs never) smoking was associated with 
a four-fold risk of lung cancer, HR=3.95 (95% CI) 1.36 to 
11.52). Among patients with RA, ever (vs never) smoking 
was associated with almost ninefold increase in lung 
cancer risk, HR=8.68 (95% CI) 2.09 to 36.14). The combi-
nation of RA and ever smoking (vs never smokers without 
RA) was associated with almost seven times higher risk 
(HR (95% CI) = 6.80 (2.41 to 19.21)) than never-smokers 
without RA.

Absolute and relative risks of lung cancer in relation to RA 
serostatus, comparing between patients with RA: results from 
patients with RA in EIRA
When stratified by RA autoantibody status, positive 
autoantibody status was associated with an at least 
doubled risk of lung cancer in ACPA positive patients (vs 
ACPA negative patients) and in double seropositive (vs 
double seronegative) patients (table 3). The significant 

association between autoantibody positivity and risk for 
lung cancer remained even in the adjusted models B, C 
and D (table 3).

The cumulative incidence of lung cancer at 5 years 
was 0.8% in the RA cohort and 0.4% in their matched 
general population controls (figure 1A). At 20 years the 
risk in patients with RA was almost 3%, overall, and over 
4% for patients who were ever smokers and had at least 
one autoantibody (figure 1C,D).

Analyses of mortality from lung cancer in the overall cohort
Changing the outcome from incident lung cancer to 
death from lung cancer, we noted 473 and 1359 deaths 
with lung cancer as cause of death in patients with RA 
and general population controls, respectively, during a 
mean of 7.3 years of follow-up from index date. The abso-
lute risk for death from lung cancer in RA versus controls 
corresponded to 1% and 0.6%, respectively. The adjusted 
HR for death from lung cancer was 1.73, 95% CI 1.56 to 
1.92.

DISCUSSION
In this cohort study, we not only confirm the 50%–100% 
increase in risk of lung cancer in patients with RA, but 
further demonstrate that this risk increase differs by RA 
subtype and does not seem to be readily explained by 
smoking. During the first 5 years after RA diagnosis, 1% 
of patients with RA were diagnosed with lung cancer, a 

Table 1  Characteristics of the study population of Swedish patients with incident RA 1995–2018 and matched population 
referents

All patients with RA Subcohort of patients with RA included in EIRA

Incident RA
(n=44 101)

General population
(n=216 495)

Incident RA
(n=2060)

General population
(n=2779)

Age (years), mean±SD 61±16 61±16 53±13 54±13

Sex (% male) 31% 31% 29% 29%

Education

 � ≤9 years 31% 28% 23% 17%

 � 10–12 years 44% 42% 47% 42%

 � >12 years 25% 30% 30% 41%

Smoking at start of follow-up

 � Never 35% 45%

 � Ever 65% (N=1924) 55% (N=2620)

Comorbid conditions at RA-diagnosis (start of follow-up)*

 � Chronic obstructive pulmonary disease 1.7% 0.8% 0.3% 0.6%

 � All respiratory tract diseases 9.9% 5.5% 5.7% 4.9%

 � Interstitial lung disease 3.6% 1.6% 1.0% 1.4%

 � Heart failure 1.3% 0.7% 0.3% 0.3%

 � Ischaemic heart disease 3.2% 2.5% 1.2% 1.3%

 � Renal failure 0.7% 0.4% 0.3% 0.1%

*Information about comorbiditied is presented in online supplemental table 2.
EIRA, Epidemiological Investigation of RA; RA, rheumatoid arthritis.

https://dx.doi.org/10.1136/rmdopen-2022-002465
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risk that increased to an overall 3% during the first 20 
years.

We confirm previous results showing that RA is asso-
ciated with approximately 70% increased risk of lung 
cancer as compared the general population.9 10 16 Most 
of these studies have assessed RA as one entity rather 
than factored in seropositivity, and have not factored 
in smoking. Our results demonstrated (as expected) a 
strong association between smoking and lung cancer, but 
also that adjustment for smoking did not readily explain 
the association between RA itself and risk for lung cancer. 
Interestingly, the association between RA, especially sero-
positive RA, and lung cancer remained also in models 
adjusted for pack-years.

ILD is a common extra-articular manifestation of 
RA, associated with increased risk for lung cancer.17 18 
A previous study also suggested a possible link between 
RA-ILD and lung cancer mortality.19 Interstitial lung 
abnormalities have also been shown to be associated with 
lung cancer in the general population.20 Although we 
adjusted for comorbidities including respiratory diseases 
such as ILD, residual confounding connected to subclin-
ical interstitial lung changes cannot be excluded. Since 
smoking may not be unique among airway exposures in 
its ability to induce an immune response, RA and lung 
cancer, we cannot formally exclude that some of the 

increased risks are linked to other factors, such as silica 
exposure. As shown in table 2, our results did not demon-
strate any clear increase in the risk of lung cancer among 
never smokers with (vs without) RA, although precision 
was limited due to the limited number of lung cancer 
cases both among patients with RA and general popula-
tion controls.

The earlier the diagnosis of lung cancer, the better 
the prognosis.21 Studies have evaluated different ways of 
detecting the disease earlier in order to reduce mortality.22 
A recent population-based, randomised, controlled trial 
evaluated the effectiveness of screening with volume-
based, low-dose CT in individuals at high risk for lung 
cancer23 showing a lower lung cancer related mortality at 
10 years for those who underwent screening. In this study, 
high-risk individuals were defined as current or former 
smokers. In our study, we demonstrate an additional 
risk determinant, apart from smoking, for lung cancer, 
which suggests that two clinically easily ascertained pieces 
of information (RA serostatus and ever smoking status) 
can readily identify a group of individuals at particu-
larly elevated risk of lung cancer. This observation calls 
for further research to evaluate the yield and optimal 
operation of targeted lung cancer screening in RA. In 
this regard, it is important to consider that lung cancer 
is a leading cause of death from cancer,24 mainly due to 

Figure 1  Kaplan-Meier analysis for the risk of lung cancer in patients with RA versus population referents from the EIRA 
study: (A) for the whole group of patients; (B) for ever smokers patients with RA versus never smoker controls; (C) for patients 
with RA who are ACPA positive versus ACPA negative and (D) for patients with RA who were ever smokers (current and past) 
and were both RF and ACPA positive. ACPA, anticitrullinated peptide antibody; EIRA, Epidemiological Investigation of RA; RA, 
rheumatoid arthritis; RF, rheumatoid factor.
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delayed diagnosis. It is interesting here to note that in 
the USA, annual screening for lung cancer with low-dose 
CT in adults aged 50–80 years who have a 20 pack-year 
smoking history and currently smoke or have quit within 
the past 15 years, is recommended.

Our study has limitations. The paucity of individual-
level data on smoking in the overall general popula-
tion cohort forced us to restrict analyses of smoking to 
a subset (participants in the EIRA study). Nevertheless, 
in the combined overall RA cohort, we were able to 
adjust the Cox proportional hazards model for presence 
of COPD (strongly associated with smoking) and found 
that the increased risk for lung cancer in RA remained 
elevated. In analyses restricted to EIRA, in which the 
overall relative risk of lung cancer was on par with that 
in the overall RA cohort, RA was significantly associated 
with a higher risk for lung cancer even after adjustment 
for smoking (ever/never as well as intensity). Since 
smoking (intensity) is a risk factor for the development of 
RF and ACPA, it is, however, nearly impossible to formally 
rule out that the association between RA serostatus and 
lung cancer (even among smokers) includes an element 
of residual confounding by smoking intensity or pattern. 
Another limitation is the capture of smoking habits up 
until the time of RA diagnosis. Changes in smoking 
habits during follow-up could therefore not been acco-
modated. However, considering how even past smoking 
can increase the risk for lung cancer, we considered in 
the main analysis current and past smokers in the same 
group (even if a separate analysis with past vs current 
was also performed). So even if a significant number of 
patients had discontinued smoking, they would still be 
captured in the ever-smoking group (and the propor-
tions of patients who starts to smoke once diagnosed with 
RA is likely to be very low).

Further, there is a possibility for detection bias due 
to pulmonary X-ray screening of patients with RA at 
the time of diagnosis and before starting antirheumatic 
treatment. However, the percentage of the total lung 
cancer cases detected during the first year after index 
date was similar in patients with RA (28%) and general 
population comparators (25%), arguing against a strong 
impact of detection bias, and the risk for detection bias 
should not explain the differential risks for lung cancer 
in autoantibody positive versus negative patients with RA. 
Further, the fact that the HR for incident lung cancer 
was similar to the HR for death from lung cancer argues 
against strong impact of detection (here: lead time) 
bias. Lastly, the comorbid conditions are sourced by ICD 
codes, which is a limitation. The low percentage of ILD 
most likely stem from the fact that only clinically diag-
nosed ILD is included, but not subclinical disease.

Our study has a number of strengths. It is a large, 
population-based cohort study, with high external validity. 
It is the largest study so far to our knowledge examining 
the complex relationship between RA, smoking and lung 
cancer, and could use of detailed data on smoking (inten-
sity), comorbidities and other factors, for both patients 

with RA (by RA serostatus) and population controls. 
Follow-up and lung cancer were ascertained through 
linkage to external data-sources of high completeness.

In conclusion, RA seropositivity is a strong and at least 
seemingly independent risk factor for lung cancer in RA. 
Even though a definitive case for a direct causal biological 
relationship between seropositive RA and lung cancer 
cannot be made, due to the risk of residual confounding 
by smoking, the observation remains clinical significant 
and the results raise the question of whether regular CT 
lung screening of ever smokers who have autoantibody-
positive RA should be considered.
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