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Cutaneous T-cell lymphoma (CTCL) is a rare heteroge-
neous subtype of extranodal non-Hodgkin lymphoma (1). 
The aetiology of CTCL is largely unknown; however, 
smoking has been suggested as an aggravating cause 
(2). A pooled analysis of 324 patients with CTCL and 
17,217 controls from 14 different case-control studies 
showed that prolonged smoking (> 40 years) was asso-
ciated with an increased risk of CTCL (odds ratio (OR) 
1.55, 95% confidence interval (95% CI) 1.04–2.31) (2). 
A multicentre case-control study of 76 cases of mycosis 
fungoides (MF), the most common form of CTCL, and 
2,899 controls reported an almost similar association 
between heavy smoking and MF (OR 1.30, 95% CI 
0.47–1.87) (3), but the risk estimates were imprecise and 
most compatible with no important effect. 

Smoking may promote the pathogenesis of lympho-
mas, including CTCL, by suppressing and remodelling 
the immune response (4). The effects of smoking on the 
immune system include inhibition of cell apoptosis (5), 
down-regulation of macrophages and natural killer cells, 
and reduced T-cell response (4). Furthermore, smoking 
releases substances, such as benzene and formaldehyde 
that have direct carcinogenic effects (6, 7). 

Chronic obstructive pulmonary disease (COPD) is 
a very common pulmonary disorder, characterized by 
progressive obstruction of the airways, which most often 
develops as a consequence of long-term tobacco smoking 
(8). Thus, COPD can be used as a valid surrogate marker 
of smoking. This study therefore examined the risk of 
CTCL in patients with COPD in a large cohort study 
using Danish health registries. 

It is well known that case-control studies, in particular, 
might be prone to several types of biases in particular 
recall bias (9). Since CTCL is a very rare disease, it 
is difficult to find large cohorts of smokers with com-
plete long-term follow-up where CTCL is diagnosed and  
recorded. Therefore, longitudinal registry-based cohorts 
may be an alternative. 

MATERIALS AND METHODS 
This population-based, nationwide cohort study was conducted 
using data routinely and prospectively collected from Danish 
population-based registries over the 40-year period between 1978 
and 2018. Data were collected from the Danish National Patient 
Registry (DNPR), the Danish Cancer Registry (DCR), and the 
Civil Registration System (CRS). 

All records were linked at individual level using the unique 
identification number assigned by the CRS to all legal Danish 
residents upon birth or immigration. CRS has information on 
residency status and date of birth, immigration, emigration, and 
death, and enables accurate record linkage of all Danish health 
registries at the individual level (10).

Chronic obstructive pulmonary disease cohort

From the DNPR, a cohort of all cancer-free individuals with a 
first-time hospital-based diagnosis of COPD between 1 January 
1978 and 30 November 2018 was identified. The DNPR has data 
from all Danish inpatient admissions since 1977 and all outpatient 
specialist clinic and emergency room visits since 1995. Diagnoses 
are coded using the International Classification of Diseases, Eighth 
Revision (ICD-8) from 1977 until 1993 and the Tenth Revision 
(ICD-10) since 1994 (10). The study cohort was restricted to pa-
tients older than 20 years at the time of COPD diagnosis. 

Cutaneous T-cell lymphoma, non-Hodgkin lymphoma and lung 
cancer outcomes 

The COPD cohort was linked to the DCR to identify incident 
CTCL overall, and MF (using ICD-10 and/or CTCL morphology 
codes), non-Hodgkin lymphoma, and lung cancer cases. The DCR 
has recorded all incident cases of malignant neoplasms in Denmark 
since 1943. Cancer cases are coded according to the ICD-10 (10). 
There is no clear evidence that smoking is a risk factor for non-
Hodgkin lymphoma (11) in contrast to strong evidence for lung 
cancer (12). To examine the robustness of the study design, an 
analysis for these 2 cancer sites was also conducted as a negative 
and positive control outcome. 

Statistical analyses

The COPD cohort was followed from index date until a first-time 
cancer record in the DCR, death, emigration, or end of follow-up, 
(30 November, 2018), whichever came first. The first year follo-
wing COPD diagnosis was excluded to avoid inclusion of prevalent 
cancers and to reduce the bias from heightened diagnostic efforts 
associated with multiple hospital contacts. Standardized incidence 
ratio (SIR) was used as a measure of relative risk, comparing 
the observed CTCL, non-Hodgkin lymphoma and lung cancer 
incidences among the COPD cohort to the one expected based 
on national cancer incidence rates by sex, age, and calendar year. 
95% CIs were calculated using Byar’s approximation and based 
on the assumption that the observed number of cancers follows a 
Poisson distribution. 

RESULTS 

A total of 363,810 individuals (47.1% women) with a 
first-time hospital-based diagnosis of COPD between 
1978 and 2018 were identified (Table I). The median 
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age of the COPD cohort was 69 years (interquartile range 
(IQR) 59.8; 76.8) and median follow-up was 4.3 years 
(IQR 1.42; 9.09). Most patients were initially diagnosed 
in an inpatient setting (69.6%). 

Table II shows the SIRs of all CTCL sybtypes, MF, 
non-Hodgkin lymphoma, and lung cancer. For more than 
1 year of follow-up, 71 patients with COPD received a 
CTCL diagnosis with a SIR of 1.2 (95% CI 0.9–1.5). 
Among these, 26 were MF diagnoses, yielding a SIR of 
1.6 (95% CI 1.0–2.3). 

DISCUSSION 

This nationwide large population-based cohort study of 
363,810 individuals with COPD did not find any compel-
ling evidence of increased long-term risk of CTCL overall; 
however, COPD was associated with increased risk of MF. 
As expected, an elevated risk of lung cancer was found, 
supporting the robustness of the study design. These re-
sults imply that smoking linked to COPD could increase 
the risk of developing MF, but not other types of CTCL.

This study has strengths and limitations. A large na-
tionwide cohort study was conducted, making it possible 
to investigate rare disease outcomes in a cohort study. 
Furthermore, the analytic approach is well established 
and robust within cancer epidemiology (13). Another 
strength is the usage of Danish health databases that 
have high completeness and allowing complete long-
term follow-up, eliminating the risk of selection bias. 
Furthermore, both COPD and cancer diagnoses in DNPR 
and DCR have high accuracy (14). In epidemiological 
aetiological cancer studies, the first year after diagnosis 
is often excluded in the analysis to avoid any detection 
bias due to heightened diagnostic effort. 

This study also has some limitations. Although most 
people with COPD have a history of prolonged exposure 
to tobacco, up to 20% of patients with COPD may never 
have smoked (15). Although this could have diluted the 
relative risk estimates and caused us to underestimate a 
weak association if such is present, the strong associa-
tion with lung cancer supports that COPD is an accurate 
marker of smoking. Therefore, such misclassification 
probably did not have a substantial impact on the current 
findings. Furthermore, diagnoses by general practitioners 
alone are not included in the DNPR, though COPD in 
these patients might be less severe and associated with 
a shorter exposure to tobacco. 

These findings support some of the findings from the 
2 existing case-control studies, which reported similar, 
but imprecise, risk estimates. Both case-control studies 
have access to several exposures in addition to smoking. 

In conclusion, this large population-based study suggests 
that COPD, as a marker of excessive smoking, is a risk 
factor for developing MF, but not other subtypes of CTCL. 
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Table I. Characteristics of study cohort 

Characteristics COPD N = 363,810

Sex
 Female 171,400 (47.1)
 Male 192,410 (52.9)
Age, years 
 20–29 2,650 (0.7)
 30–39 7,662 (2.1)
 40–49 23,764 (6.5)
 50–59 58,494 (16.1)
 60–69 100,627 (27.7)
 70+ 170,613 (46.9)
Calendar period at COPD diagnosis 
 1978–1982 37,683 (10.4)
 1983–1987 34,635 (9.5)
 1988–1992 30,382 (8.4)
 1993–1997 46,847 (12.9)
 1998–2002 53,241 (14.7)
 2003–2007 51,830 (14.3)
 2008–2013 61,479 (16.9)
 2014–2018 47,713 (13.1)
Charlson Comorbidity Index (CCI)
 CCI: Low 220,140 (60.5)
 CCI: Medium 118,340 (32.5)
 CCI: High 25,330 (7.0)
Hospital contact
 Inpatient 253,149 (69.6)
 Outpatient 104,203 (28.6)
 Emergency room 6,458 (1.8)

COPD: chronic obstructive pulmonary disease.

Table II. Standardized incidence ratios (SIRs) for cutaneous T-cell 
lymphoma, mycosis fungoides, non-Hodgkin lymphoma and lung 
cancer among patients with chronic obstructive pulmonary disease 
1978–2018

≥ 1 year of follow

Observed, n Expected, n SIR (95% CI)

Cutaneous T-cell lymphoma 71 62 1.2 (0.9–1.5)
Mycosis fungoides 26 17 1.6 (1.0–2.3)
Non-Hodgkin lymphoma 1,358 1,263 1.1 (1.0–1.1)
Lung, bronchi and trachea cancers 12,966 4,528 2.9 (2.8–2.9)

95% CI: 95% confidence interval.
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