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ABSTRACT
Objectives To evaluate the risk of haematological 
malignancies in patients with psoriatic arthritis (PsA) 
overall, and in relation to treatment with tumour necrosis 
factor inhibitors (TNFi).
Methods We identified that patients with PsA starting a 
first TNFi from the clinical rheumatology registers (CRR) 
in the five Nordic countries (n=10 621) and biologics- 
naïve PsA patients from (1) the CRR (n=18 705) and (2) 
the national patient registers (NPR, n=27 286, Sweden 
and Denmark) from 2006 through 2019. For Sweden and 
Denmark, general population comparators were matched 
5:1 to PsA patients on birth year, year at start of follow- up 
and sex. By linkage to the national cancer registers in all 
countries, we collected information on haematological 
malignancies overall, and categorised into lymphoid or 
myeloid types. We estimated incidence rate ratios (IRRs) 
with 95% CIs using modified Poisson regression for TNFi- 
treated versus biologics- naïve PsA patients and versus the 
general population adjusted for age, sex, calendar period 
and country.
Results During 59 827 person- years, 40 haematological 
malignancies occurred among TNFi- treated patients 
with PsA resulting in a pooled IRR of 0.96 (0.68–1.35) 
versus biologics- naïve PsA from CRR and an IRR of 0.84 
(0.64–1.10) versus biologics- naïve PsA from NPR. The 
IRR of haematological malignancies in PsA overall versus 
general population comparators was 1.35 (1.17–1.55). The 
estimates were largely similar for lymphoid and myeloid 
malignancies.
Conclusions Treatment with TNFi in patients with 
PsA was not associated with an increased incidence of 
haematological malignancies. Conversely, a moderately 
increased underlying risk was seen in patients with PsA 
compared with the general population.

INTRODUCTION
The link between autoimmune condi-
tions and haematological malignancy is 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ In psoriasis and psoriatic arthritis (PsA), there is 
limited and inconclusive evidence regarding po-
tential associations with haematological malig-
nancy, and a recently published meta- analysis 
observed a 1.5- fold increased risk of malignant 
lymphoma in patients with psoriasis, but no in-
creased risk in PsA. Further, studies assessing the 
risk of myeloid malignancies in PsA are scarce and 
the impact of treatment with tumour necrosis fac-
tor inhibitors (TNFi) in PsA on the risk of haemato-
logic malignancy is largely unknown.

WHAT THIS STUDY ADDS
 ⇒ In a five- nation collaborative cohort study of pa-
tients with PsA and >2 70 000 person- years of 
follow- up, the incidence of haematologic malig-
nancies was similar among 10 621 TNFi- treated 
and 18 387 biologics- naïve patients. However, pa-
tients with PsA had a 35% increased relative risk 
compared with the general population, and this 
increase was seen for both lymphoid and myeloid 
malignancies.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Results showing no increased incidence of hae-
matological malignancy in TNFi- treated compared 
with biological disease- modifying anti- rheumatic 
drug- naïve PsA patients, which is largely in line 
with findings from RA cohorts, provide reassur-
ance to patients and physicians. However, the 
underlying increased risk of haematological ma-
lignancies observed in patients with PsA in gen-
eral compared with matched comparators merits 
further investigation into potential explanatory 
factors such as accumulated inflammation, auto-
immune mechanisms, genetics, immunosuppres-
sion, viral infections and lifestyle factors.
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complex.1 2 Several autoimmune diseases including 
rheumatoid arthritis (RA), systemic lupus erythematosus 
(SLE) and Sjogren’s syndrome have repeatedly been asso-
ciated with increased risks of both lymphoid and myeloid 
malignancies as compared with the general popula-
tion.1–8 In psoriasis and psoriatic arthritis (PsA), data on 
haematological malignancy are more limited and incon-
clusive.9–14 A recently published meta- analysis observed a 
1.5- fold increased risk of malignant lymphoma in psori-
asis, but found no association with PsA.15 Studies specif-
ically assessing the risk of myeloid malignancies in PsA 
are scarce.

Although the pathological mechanisms behind an 
association between autoimmune diseases and haemato-
logical malignancy remains unclear, there are indications 
of a strong link between longstanding disease activity and 
severity, and lymphoma development in patients with 
RA and SLE.16–18 Other potential mechanisms are that 
immunosuppressive treatment may lead to especially 
myeloid malignancies, through loss of immunosurveil-
lance, via mutagenic effects2 or through a shared suscep-
tibility between the two disease entities.1 Notably, the 
factor(s) behind haematological malignancy in patients 
with autoimmune diseases may vary both by type of auto-
immune disease and by type of haematological malignan-
cies developed.

Today, treatment with biological disease- modifying anti- 
rheumatic drugs (bDMARDs), especially tumour necrosis 
factor inhibitor (TNFi) is a mainstay in several inflam-
matory diseases including PsA.19 Whereas, emerging 
evidence do not indicate an excess risk of malignant 
lymphoma following TNFi treatment in patients with RA, 
corresponding data for PsA are sparse and limited by low 
power.20–24

Overall, this highlights the importance of international 
collaboration to assemble large cohorts with sufficiently 
long follow- up time combined with data from national 
cancer registries of high quality to enable robust risk eval-
uations. We have previously used this Nordic collabora-
tive effort to report on the risk of solid cancer in patients 
with PsA.25

In this population- based cohort study, we aimed to 
evaluate risks of haematological malignancy overall 
and of lymphoid and myeloid malignancies separately, 
in TNFi- treated versus bDMARD- naïve patients with 
PsA. Additionally, we investigated the underlying risk of 
haematological malignancy in PsA compared with the 
general population.

PATIENTS AND METHODS
Setting and data sources
In the Nordic countries, healthcare systems are tax 
funded, and individual level information on health-
care use is available from administrative registers. Using 
personal identification numbers assigned to all residents, 
data from different registers can be linked to each other 
within each country and used for research. For this study, 

patients with PsA were identified in the five Nordic clin-
ical rheumatology registries (CRR): DANBIO (Denmark), 
ICEBIO (Iceland), NOR- DMARD (Norway), ROB- FIN 
(Finland) and SRQ (Sweden).26 Within those registries, 
the diagnosis of PsA is made, registered and continu-
ously re- evaluated by a rheumatologist. For Denmark and 
Sweden, we additionally selected bDMARD- naïve patients 
with PsA from the national patient registers (NPR) that 
hold data on hospital- based inpatient and outpatient 
specialist contacts.27–29

To further put the incidence in context, we assembled 
general population comparator groups from the Danish 
and Swedish population registers. In each country, infor-
mation on malignancy was assembled from the national 
cancer registers (NCR) containing information on date 
and type of cancer according to the International Statis-
tical Classification of Diseases (ICD- 10). Reporting of 
incident cancers to the NCR is mandatory and thus the 
coverage is high.30–34

We obtained information on date of emigration and 
death from the population and cause of death registers 
in each country.

In a sensitivity analysis, the bDMARD- naïve PsA groups 
from the Danish and Swedish NPRs were linked to the 
national prescribed drug registers (PDR) in both coun-
tries.35 36

The study period was from 2006 to the end of 2016 for 
Denmark, end of 2017 for Finland and Iceland and the 
end of 2019 for Norway and Sweden. All registers have 
been described in detail elsewhere.25 26

Study population, exposure and follow-up
For this study, up to five groups were identified in each 
country:

TNFi-treated group with PsA from CRR (all countries)
All individuals≥18 years of age diagnosed with PsA in 
each CRR and starting their first TNFi during the study 
period. Follow- up started at the start date of their first 
ever TNFi (adalimumab, certolizumab pegol, etanercept, 
golimumab and infliximab). Patients who had received 
treatment with a non- TNFi bDMARD prior to starting 
their first TNFi were excluded.

bDMARD-naïve group with PsA from CRR (all countries except 
Iceland)
All individuals≥18 years of age diagnosed with PsA in 
each CRR and bDMARD- naïve at start of follow- up (ie, 
time of first visit registered in the CRR).

bDMARD-naïve group with PsA from NPR (Denmark and Sweden)
All individuals≥18 years of age registered with≥2 ICD- 10 
codes for PsA (M07.0- 3 or L40.5) from a department of 
rheumatology or internal medicine in the NPR of Sweden 
and Denmark. Patients were followed from the date of 
the second registered PsA diagnosis.

For both bDMARD- naïve groups (CRR and NPR), 
patients were excluded at start of any bDMARD during 
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Table 1 Characteristics of TNFi- treated patients with psoriatic arthritis at start of follow- up, grouped by country

Sweden
2006–2019

Denmark
2006–2016

Finland
2006–2017

Norway
2006–2019

Iceland
2006–2017

All, n 6505 2429 474 879 334

Male, n (%) 3158 (48.6) 1098 (45.2) 256 (54.0) 425 (48.7) 136 (40.7)

Age (years), mean (SD) 49.4 (12.9) 47.2 (12.3) 48.3 (11.6) 47.5 (12.2) 48.4 (13.2)

BMI (kg/m2) N/A 27.7 (24.2 to 
30.9)

27.8 (25.1 to 
31.2)

N/A 29.6 (26.1 to 
33.1)

BMI missing (n, %) 6505 (100) 2036 (83.8) 86 (18.1) 879 (100) 206 (61.7)

Smoking status, n (%)

  Current 295 (4.5) 296 (12.2) 12 (2.5) 176 (20.0) 33 (9.9)

  Previous 833 (12.8) 240 (9.9) N/A 271 (30.8) 59 (17.7)

  Never 915 (14.1) 487 (20.0) 88 (18.6) 299 (34.0) 98 (29.3)

  Missing 4462 (68.6) 1406 (57.9) 374 (78.9) 133 (15.1) 144 (43.1)

Disease- related characteristics at start of first TNFi

  DAS28- CRP (0–10) 4.1 (3.3–4.8) 4.0 (3.0–5.0) 3.7 (2.5–4.7) 3.5 (2.7–4.3) 4.4 (3.9–5)

  Missing n (%) 2613 (40.2) 745 (30.7) 128 (27.0) 110 (12.5) 189 (56.6)

  CRP (mg/L) 5 (2–13) 6 (2–15) 7 (3–15) 5 (2–11) N/A

  Swollen joint count (0–28) 2 (0–5) 2 (0–4) 1 (0–4) 1 (0–3) 4 (2–6)

  Tender joint count (0–28) 4 (2–8) 5 (2–11) 1 (0–4) 2 (1–6) 5 (2–8)

  HAQ Score (0–3) 0.9 (0.5–1.3) 1 (0.6–1.5) 0.8 (0.4–1.2) 0.6 (0.3–0.9) 1.2 (0.6–1.6)

  Missing n (%) 2415 (37.1) 1174 (48.3) 100 (21.1) 51 (5.8) 192 (57.5)

First TNFi, n (%)

  Adalimumab 1996 (30.7) 939 (38.7) 188 (39.7) 147 (16.7) 25 (7.5)

  Certolizumab pegol 248 (3.8) 215 (8.9) 15 (3.2) 184 (20.9) 1 (0.3)

  Etanercept 2697 (41.5) 527 (21.7) 148 (31.2) 302 (34.4) 65 (19.5)

  Golimumab 450 (6.9) 217 (8.9) 38 (7.9) 142 (16.2) 42 (12.6)

  Infliximab 1114 (17.1) 531 (21.9) 85 (17.9) 104 (11.8) 199 (59.6)

Other antirheumatic treatment, n (%) at start of first TNFi

  Methotrexate, n (%) 2726 (41.9) 1233 (50.8) 269 (56.8) 520 (59.2) 147 (44)

  Oral steroid, n (%) 909 (14.0) 506 (20.8) 128 (26.7) 300 (34.1) 12 (3.6)

Calendar year at start of first TNFi, n (%)

  2006–2010 1536 (23.6) 1034 (42.6) 165 (34.8) 258 (29.4) 73 (21.9)

  2011—end of follow- up 4969 (76.4) 1395 (57.4) 309 (65.2) 621 (70.6) 261 (78.1)

Comorbidities and extra- articular manifestations, as registered in national patient registers up to 10 years prior to start of first 
TNFi, n (%)

  Cardiovascular disease 360 (5.5) 167 (6.9) 33 (6.9) N/A N/A

  COPD 97 (1.5) 39 (1.6) 2 (0.4) N/A N/A

  Diabetes mellitus 430 (6.6) 104 (4.3) 36 (7.6) N/A N/A

  Hypertension 964 (14.8) 231 (9.5) 73 (15.4) N/A N/A

  Inflammatory bowel disease 120 (1.8) 44 (1.8) 14 (2.9) N/A N/A

  Uveitis 170 (2.6) 32 (1.3) 14 (2.9) N/A N/A

  Urethritis 38 (0.6) ≤3 0 (0) N/A N/A

  Hospitalisations, n, mean (range) 1 (0–2) 4 (1–7) 2 (1–4) N/A N/A

  Hip and/or knee replacement any 
time prior to start of first TNFi

286 (4.4) 72 (3.0) 48 (10.1) N/A N/A

Mean time of follow- up in years (SD) 5.7 (3.8) 5.1 (2.9) 6.1 (3.3) 6.8 (3.5) 4.9 (3.4)

Continued
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follow- up and, if starting a TNFi, instead followed up in 
the TNFi- treated group.

All patients with PsA from CRR and NPR (Denmark and Sweden)
To estimate the underlying incidence and risk of haema-
tological malignancy in PsA compared with the general 
population, data from all patients with PsA in each of the 
three above PsA groups was combined into one, and a 
unique record was kept for each patient. Patients were 
followed from the date of first registered CRR visit, date 
of second visit with a diagnosis of PsA registered in NPR, 
or date of starting a first TNFi, whichever occurred first.

General population comparator groups (Denmark and Sweden)
Two comparator groups were defined:

First, for all TNFi- treated patients (group 1 above), up 
to five individuals matched on year of birth, calendar year 
of start of follow- up, sex and county of residence (for 
Swedish data), were randomly selected from the general 
population.

Second, for all patients with PsA (group 4 above) up to 
five individuals were randomly selected from the general 
population using the same matching factors as above. For 
both comparator groups, individuals had to be free from 
PsA at the diagnosis of their index PsA patient.

Individuals from both comparator groups were 
followed from the date when their index PsA counter-
part started follow- up. All study individuals were followed 
until the date of any haematological malignancy, emigra-
tion, death, bDMARD treatment start (for the bDMARD- 
naïve group) or end of the study period in the respective 
countries, whichever occurred first.

Outcome
By linkage to NCR in each country, we identified the 
first incident haematological malignancy for each study 
participant according to ICD- 10 codes, online supple-
mental table S1.37 38 We divided haematological malig-
nancies into lymphoid and myeloid types, see online 
supplemental table S1 for details. All study participants 
were allowed to have a previous history of solid and/or 
skin cancer.

Covariates
For all groups, we obtained information on sex, age 
(years) and calendar period of start of follow- up 

(2006–2010 and ≥2011). For descriptive purposes, we 
collected information on comorbidities from the NPR. 
For TNFi- treated and bDMARD- naïve patients with PsA 
identified from the CRR, we also obtained information 
on Disease Activity Score 28 with C reactive protein 
(DAS28- CRP), Health Assessment Questionnaire and 
concomitant use of methotrexate and oral steroid use 
(yes/no) at start of follow- up, see online supplemental 
table S1 for definitions.

Statistics
Country-specific analyses
For each group in each country, we estimated number of 
person- years, and events, and the crude incidence rates 
(IRs) with 95% CI of haematological malignancy overall 
per 100 000 person- years. We applied Cox regression 
using attained age as time scale to calculate crude, as well 
as sex and calendar period- adjusted hazard ratios with 
95% CI of haematological malignancy for TNFi- treated 
compared with bDMARD- naïve patients with PsA from 
CRR. If the number of events within a country and for 
the individual groups involved in the comparison was <3, 
incidences and HRs were not presented.

For Denmark and Sweden, country- specific Cox 
regression were performed comparing TNFi- treated 
versus bDMARD- naïve PsA groups from NPR and versus 
matched population comparator groups, respectively. 
Additionally, HR of haematological malignancy was 
estimated for all Danish and Swedish patients with PsA 
(group 4) compared with their matched general popula-
tion comparators.

Pooled analyses
We constructed Lexis matrices39 for each country split-
ting time on attained age (18–55 years, 56–65 years, 66–70 
years and >70 years) and calendar time (2006–2010 and 
≥2011), stratified by sex, and calculated number of events 
and person- years in each of the categories obtained by 
the Lexis function. We performed a modified Poisson 
regression with this pooled data to estimate incidence 
rate ratio (IRR) with 95% CI for TNFi- treated compared 
with bDMARD- naïve patients from CRR. This model 
included country as a covariate and a robust SE.

For Sweden and Denmark, the same and with similar 
adjustments (except for age now categorised in 10- year 

Sweden
2006–2019

Denmark
2006–2016

Finland
2006–2017

Norway
2006–2019

Iceland
2006–2017

Median time of follow- up in years 
(Q1–Q3)

5.2 (2.3–8.7) 5.1 (2.7–7.4) 6.2 (3.2–9.0) 6.6 (3.9–9.6) 4.2 (1.9–7.2)

Values are median and IQR if not stated otherwise. Patients who shifted from biological disease- modifying anti- rheumatic drug (bDMARD)- 
naïve to TNFi- treated appear in both TNFi- treated and bDMARD- naïve groups because all switchers have two baseline records.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRP, C reactive protein; DAS28, Disease Activity Score in 28 joints; 
HAQ, Health Assessment Questionnaire; N/A, not available; Q1, percentile 25; Q3, percentile 75; TNFi, tumour necrosis factor inhibitor; VAS, 
visual analogue scale.

Table 1 Continued
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Table 2 Characteristics of bDMARD- naïve patients with psoriatic arthritis from clinical rheumatology registers and national 
patient registers

bDMARD- naïve patients with PsA from the clinical rheumatology registers 
(comparator group 1) n=18 387

bDMARD- naïve patients with PsA 
from the national patient registers 
(comparator group 2)* n=27 286

Sweden
2006–2019

Denmark
2006–2016

Finland
2006–2017

Norway
2006–2019

Sweden
2006–2019

Denmark
2006–2016

All, n 9560 6779 1621 427 21 629 5657

Male, n (%) 4708 (49.2) 2948 (43.5) 791 (48.8) 197 (46.2) 9944 (46.0) 2420 (42.8)

Age (years), mean 
(SD)

53.4 (14.1) 51.1 (13.7) 50.5 (13.8) 49.7 (12.7) 53.6 (14.8) 52.1 (13.9)

BMI (kg/m2) N/A 26.9 (24.1–30.5) 27.7 (24.6–31.5) N/A N/A N/A

BMI missing (n, %) 9560 (100) 5774 (85.2) 116 (7.2) 427 (100) N/A N/A

Smoking status, 
n (%)

  Current 425 (4.4) 834 (12.3) 252 (15.5) 122 (28.6) N/A N/A

  Previous 1301 (13.6) 746 (11.0) N/A 155 (36.3) N/A N/A

  Never 1279 (13.4) 1512 (22.3) 959 (59.2) 142 (33.3) N/A N/A

  Missing 6555 (68.6) 3687 (54.4) 410 (25.3) 8 (1.9) N/A N/A

Disease- related characteristics at start of follow- up

  DAS28- CRP 
(0–10)

3.3 (2.4–4.2) 3.0 (2.2–4.1) 2.5 (1.7–3.5) 3.9 (3.1–4.5) N/A N/A

  Missing, n (%) 3416 (35.7) 2168 (32.0) 654 (40.3) 28 (6.6)

  CRP (mg/L) 5 (2–10) 5 (2–10) 4 (2–8) 5 (3–15) N/A N/A

  Swollen joint 
count (0–28)

1 (0–3) 1 (0–2) 0 (0–1) 2 (1–4) N/A N/A

  Tender joint 
count (0–28)

2 (0–5) 2 (0–6) 0 (0–1) 4 (1–8) N/A N/A

  HAQ Score (0–3) 0.6 (0.3–1.0) 0.6 (0.1–1.0) 0.8 (0.2–1.1) 0.5 (0.3–0.9) N/A N/A

  Missing, n (%) 3079 (32.2) 1998 (29.5) 480 (29.6) 18 (4.2)

Other antirheumatic treatment, n (%) at start of follow- up

  Methotrexate at 
start of follow- 
up, n (%)

5241 (54.8) 3257 (48.0) 703 (43.4) 362 (84.8) N/A N/A

  Oral steroid at 
start of follow- 
up, n (%)

1280 (13.4) 855 (12.6) 219 (13.5) 296 (69.3) N/A N/A

  Calendar year of 
start of follow- up

  2006–2010 1732 (18.1) 1498 (22.1) 128 (7.9) 350 (82.0) 7552 (34.9) 2244 (39.7)

  2011—end of 
follow- up

7828 (81.9) 5281 (77.9) 1493 (92.1) 77 (18.0) 14 077 (65.0) 3413 (60.3)

Comorbidities and extra- articular manifestations as registered up to 10 years prior to start of follow- up, n (%)

  Cardiovascular 
disease

729 (7.6) 525 (7.7) 117 (7.2) N/A 2117 (9.8) 539 (9.5)

  COPD 207 (2.2) 164 (2.4) 23 (1.4) N/A 573 (2.6) 184 (3.3)

  Diabetes 
mellitus

687 (7.2) 370 (5.4) 132 (8.1) N/A 1674 (7.7) 378 (6.7)

  Hypertension 1694 (17.7) 760 (11.2) 263 (16.2) N/A 3946 (18.2) 764 (13.5)

  Inflammatory 
bowel disease

121 (1.3) 96 (1.4) 21 (1.3) N/A 392 (1.8) 105 (1.9)

  Uveitis 175 (1.8) 51 (0.7) 31 (1.9) N/A 387 (1.8) 52 (0.9)

  Urethritis 54 (0.6) 7 (0.1) 0 (0) N/A 91 (0.4) ≤3

Continued
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groups) was used to compare TNFi- treated patients with 
bDMARD- naïve patients from NPR and with matched 
general population comparators, respectively, as well as 
comparing the entire PsA population (group 4) with 
their matched general population comparator group. 
For all pooled analyses, we estimated IRR of haemato-
logical malignancy overall and divided into lymphoid or 
myeloid malignancies.

Drug-specific incidence
Using two different exposure models, we estimated 
crude IRs of haematological malignancy for each of the 
TNFi agents used for the treatment of PsA during the 
study period: adalimumab, certolizumab pegol, etaner-
cept, golimumab and infliximab. Originators and their 
biosimilars were considered the same drug. Patients 
could contribute with person- years to all the TNFi they 
had received treatment with. The exposure models were 
defined as:
1. ‘Ever treated’, patients were followed from the first 

start of any TNFi until end of follow- up. In this way, 
stopping the TNFi treatment and/or starting another 
TNFi was ignored in the follow- up of the individual for 
that treatment.

2. ‘Most recent drug’, follow- up began at the first start 
of any TNFi and ended at the date of starting another 
bDMARD or end of follow- up.

In both models, one patient could thereby contribute 
with exposed person- time to ≥1 TNFi.

Sensitivity analyses
To minimise the risk of protopathic bias, we excluded all 
person- years and all events from the first year of follow- up 
in all groups under study. Second, for Denmark and 
Sweden, we excluded all patients ever diagnosed with 
RA in the NPR prior to start of follow- up; and censored 
patients if, during follow- up, they had an RA diagnosis 
recorded in the NPR to account for the possible misclas-
sification of diagnosis between RA and PsA.

Third, to evaluate if baseline disease activity was associ-
ated with the outcome and hence should be adjusted for 
in the analyses, we performed Cox models including all 
patients, regardless of TNFi exposure status, who had data 
available on various disease activity parameters to see if 
these were associated with haematological malignancies. 
We performed both crude and sex- adjusted and calendar 
period- adjusted analyses. Further, we explored if disease 
activity at baseline differed in patients with PsA that did 
(vs did not) develop a haematological malignancy in 
TNFi- treated and bDMARD- naïve patients, respectively.

Fourth, to increase the comparability between TNFi- 
treated and bDMARD- naïve patients, we created an alter-
native bDMARD- naïve PsA group: by linkage to the PDR 
we identified a subset of NPR- bDMARD- naïve PsA patients 

bDMARD- naïve patients with PsA from the clinical rheumatology registers 
(comparator group 1) n=18 387

bDMARD- naïve patients with PsA 
from the national patient registers 
(comparator group 2)* n=27 286

Sweden
2006–2019

Denmark
2006–2016

Finland
2006–2017

Norway
2006–2019

Sweden
2006–2019

Denmark
2006–2016

  Hospitalisations, 
n, mean (range)

1 (0–2) 3 (1–6) 1 (0–3) N/A 1 (0–2) 3 (1–6)

  Hip and/or knee 
replacement 
any time prior to 
start of follow- up

462 (4.8) 235 (3.5) 120 (7.4) N/A 1007 (4.7) 142 (2.5)

  Number 
of patients 
censored during 
time of follow- up 
due to start of 
TNFi

6513 (68.1) 1268 (18.7) 177 (10.9) 31 (7.3) 4953 (22.9) 811 (14.3)

  Mean time of 
follow- up in 
years (SD)

4.1 (3.2) 3.2 (2.4) 3.0 (2.2) 2.4 (1.9) 5.6 (4.1) 4.2 (3.0)

  Median time 
of follow- up in 
years (Q1–Q3)

3.5 (1.1–6.5) 2.7 (1.4–2.9) 2.5 (1.2–4.7) 2.0 (0.8–3.4) 5.1 ((1.9–8.8) 3.8 (1.4–6.5)

*For Finland, Norway and Iceland, this bDMARD- naïve comparator cohort was not available. Values are median and IQR except where 
stated otherwise. Patients who shifted from bDMARD- naïve to TNFi- treated appear in both TNFi treated and bDMARD- naïve groups, 
because all switchers have two baseline records.
bDMARD, biological disease- modifying anti- rheumatic drug; BMI, body mass index; COPD, chronic obstructive pulmonary disease; 
CRP, C reactive protein; DAS28, Disease Activity Score in 28 joints; HAQ, Health Assessment Questionnaire; N/A, not available; TNFi, 
tumour necrosis factor inhibitor; VAS, visual analogue scale.

Table 2 Continued
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treated with conventional synthetic (cs) DMARDs who 
either started or switched from one to another csDMARD 
between the date of second PsA diagnosis in NPR and 
end of follow- up. Those fulfilling these criteria, were 
followed from the date of their first redeemed csDMARD 
prescription in the period, thus corresponding to a new 
user active comparator study design.

Finally, to explore if confounding by comorbidities 
explained any potential association between exposure 
and outcome, we performed a sensitivity analysis on 
Danish and Swedish data with Cox models that included 
adjustment for the following comorbidities: chronic 
obstructive pulmonary disease, cardiovascular disease, 
diabetes mellitus and arterial hypertension.

All Cox and Poisson analyses only incorporated vari-
ables that had no missingness, and hence all patients 
were included in the regression models. Specifically, age, 
sex and calendar period were adjusted for in some way in 
all regression models. Data analyses were performed in 
R, V.3.4.0 and in SAS, V.9.4.

RESULTS
In total, 10 621 TNFi- treated patients with PsA were 
identified, contributing a total of 59 827 person- years of 
follow- up. The baseline characteristics for TNFi- treated 
and bDMARD- naïve patients are presented in tables 1 
and 2 divided by country. For TNFi- treated patients, the 
median age and sex distributions as well as DAS28- CRP 
(median ranging from 3.5 to 4.4) were comparable 
between the countries. Within each country, the sex 
distribution of TNFi- treated patients was roughly similar 
to bDMARD- naïve patients from the CRR, but in most 
countries, TNFi- treated patients were slightly younger 
and had higher DAS28- CRP at start of follow- up, tables 1 
and 2.

TNFi-treated versus bDMARD-naïve patients
We identified 40 cases of haematological malignancies 
among TNFi- treated patients amounting to crude IRs 
(per 100 000 person- years) ranging from 48 (Finland, 
Iceland and Norway combined) to 76 (Sweden). Corre-
sponding IR range in bDMARD- naïve patients from CRRs 
were 48 (Finland, Iceland and Norway combined) to 129 
(Denmark) and for bDMARD- naïve patients from the 
NPR, 114 (Denmark) to 119 (Sweden), figure 1. Since 

Figure 1 Occurrence and crude incidence rates of haematological malignancy per Nordic country in TNFi- treated and 
bDMARD- naïve patients with psoriatic arthritis and matched general population comparators, and for patients with PsA overall 
compared with matched general population comparators. General population TNFi was matched by sex, year of birth and 
calendar period to the TNFi- exposed PsA patients. And for SE also by area of residence. General population PsA was matched 
by sex, year of birth and calendar period to all PsA patients. And in SE also by area of residence. Data from FI, NO, ICE are 
presented together due to few cancer events per country. bDMARDs, biological disease- modifying anti- rheumatic drugs; CRR, 
clinical rheumatology register; DK, Denmark; event, first ever haematological cancer, that is, previous other malignancies are 
allowed; FI, Finland; ICE, Iceland; NO, Norway; NPR, national patient register (only available in Sweden and Denmark); PsA, 
psoriatic arthritis; SE, Sweden; TNFi, tumour necrosis factor inhibitor.
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<5 events were observed in TNFi- treated and bDMARD- 
naïve groups in Finland, Iceland and Norway, the pooled 
crude incidence is presented for these 3 countries.

The age, sex and calendar period- adjusted HR for 
any haematological malignancy in TNFi- treated versus 
bDMARD- naïve PsA patients from CRR was 1.33 (0.79–
2.22) in Sweden and 0.54 (0.23–1.29) in Denmark. 
Excluding the first year of follow- up resulted in largely 
similar point estimates, table 3.

Pooling data from all five countries resulted in an 
IRR of 0.96 (0.68–1.35) of haematological malignancy 
in TNF- treated versus CRR- bDMARD- naïve patients, 
figure 2. Excluding everyone with an RA diagnosis gave 
largely similar pooled IRR (0.90; 0.61–1.32), online 
supplemental figure S1.

TNFi- treated patients had HRs of 0.89 (0.59–1.33) 
and 0.71 (0.30–1.67) compared with bDMARD- naïve 
PsA patients from the NPR in Sweden and Denmark, 
respectively (table 3). The pooled IRR for this compar-
ison was 0.84 (0.64–1.10), figure 2. Excluding the first 
year of follow- up did not substantially change the esti-
mates (table 3), whereas excluding patients with an ever 

diagnosis of RA slightly decreased the pooled IRR (0.75, 
95% CI 0.52 to 1.07, online supplemental figure S1).

Using an alternative bDMARD- naïve comparator 
group resulted in slightly decreased risk estimates, online 
supplemental table S2. Risk estimates for lymphoid 
and myeloid haematological malignancies were largely 
similar to estimates for haematological malignancies 
overall, figure 2.

In the Danish and Swedish data respectively, baseline 
DAS28- CRP was not statistically associated with haemato-
logical, lymphoid or myeloid malignancies. When pooling 
the two country- specific estimates, DAS28- CRP (as a 
continuous variable) was neither associated with haema-
tological malignancy; HR 0.99 (95% CI 0.82 to 1.20), see 
online supplemental table S3. Additionally, there were no 
clear differences between the baseline disease activity and 
functional status parameters in TNFi- treated and CCR- 
bDMARD- naïve patients who developed a haematological 
malignancy (vs not). However, no formal hypothesis testing 
was performed, online supplemental table S4. Finally, 
adjusting for baseline presence of comorbidities at baseline 
did not alter the results (online supplemental table S5).

Figure 2 Pooled incidence rate ratios (IRRs)1 of haematological malignancy overall and by lymphoid and myeloid types, in 
first ever TNFi- treated versus bDMARD- naïve patients with PsA and versus general population comparators 1IRR and 95% CI 
with modified Poisson regression adjusted for age (categories 18–55, 56–65, 66–70, >70 years), sex, calendar period (2006–
2010, 2011- end of follow- up) and country. One event in the bDMARD- naïve PsA group from the national patient registers and 
one event from the general comparator group 1 (ie, the compactors to the TNFi group), as well as six events in the general 
comparator group 2 (ie, the comparators to the all PsA group) had ICD10 code C96.9 in the cancer registry defined as ‘other 
and unspecified tumours in hematopoietic and lymphoid tissue’. These are not included among the lymphoid or the myeloid 
malignancies For exact ICD- 10 codes, see online supplemental table S1). bDMARDs, biological disease- modifying anti- 
rheumatic drugs; CRR, clinical rheumatology registers; DK, Denmark; FI, Finland; NO, Norway; NPR, national patient registers; 
PsA, psoriatic arthritis; SE, Sweden; TNFi, tumour necrosis factor inhibitor.
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Haematological malignancy in TNFi-treated patients versus 
the general population
Point estimates for haematological malignancy in TNFi- 
treated patients from Denmark and Sweden versus their 
population comparators were increased to 2.28 (0.89–
5.86) and 1.25 (0.83–1.89), respectively, and similar when 
excluding the first year of follow- up, table 3. Pooling 
these data resulted in IRRs of 1.35 (0.98–1.86), 1.39 
(1.03–1.90) and 1.28 (0.73–2.24) for overall, lymphoid 
and myeloid haematological malignancies, respectively, 
figure 2. Excluding RA attenuated the estimates, online 
supplemental figure S1.

Haematological malignancy in patients with PsA versus the 
general population
Compared with the age and sex matched comparators 
from the general population, the HR was 1.37 (0.99–
1.90) in Denmark and 1.30 (1.09–1.54) in Sweden for 
PsA patients overall (group 4). Pooling the data resulted 
in an IRR of 1.35 (1.17–1.55). Increased IRRs were seen 
for both lymphoid and myeloid malignancies, figure 2.

Haematological malignancy by TNFi agent
Overall, the different TNFi agents had comparable crude 
IRs for haematological malignancy applying both ever 
and most recent exposure models, and when taking the 
wide CIs into account. The IRs per 100 000 person- years 
ranged from 49.8 (golimumab) to 77.8 (adalimumab), 
online supplemental table S6.

DISCUSSION
In this large observational study based on clinical data 
from five countries, we observed no increased inci-
dence rates of haematological malignancy overall, nor 
of lymphoid or myeloid malignancies in TNFi- treated 
patients with PsA compared with bDMARD- naïve patients. 
By contrast, we observed a 35% increased incidence of 
haematological malignancy in patients with PsA overall 
as compared with the general population.

Some clinical trials have indicated an increased occur-
rence of lymphoma following TNFi exposure in PsA, 
based on few events and given the design of a clinical 
trial short time of follow- up,20 22 40 whereas most of the 
although few observational studies on the topic have 
not reported any increased risks in TNFi- treated versus 
naïve PsA patients.15 24 A previous Swedish–Danish study 
(from parts of our group and based in part on the data 
used in the present study) observed an HR of 1.0 (0.4–
2.7) of lymphoma (n=5),24 thus almost identical with 
the HR of 1.01 (0.69–1.48) in the present study based 
on 30 lymphoid malignancies. Thus, the current study 
represents the largest study to date evaluating haemato-
logical malignancy following TNFi treatment in patients 
with PsA. Our risk estimates remained largely similar 
regardless of the data source used to identify bDMARD- 
naïve patients, as well as when using stricter comparator 
group definitions. Further, to our knowledge, the present 
study is the first to investigate the incidence of myeloid 

malignancy following TNFi treatment in PsA; and impor-
tantly, found no increased risks compared with bDMARD- 
naïve patients.

By contrast, we found a moderately increased risk 
of haematological malignancy, both of lymphoid and 
myeloid types, in PsA patients overall compared with 
the general population. Data on underlying risk of 
haematological malignancy in PsA are inconclusive, 
where some studies have shown increased point esti-
mates12–14 and others have not.9–11 15 Some studies 
have been hampered by low precision.13 14 The British 
cohort study by Hagberg et al12 observed a statistically 
significant increased rate in PsA overall versus a non- 
PsA cohort (IRR, 1.52; 1.10–2.10). However, and inter-
estingly, the risk among patients with PsA treated versus 
non- treated with DMARD/biologics was about threefold 
increased. This indirectly suggests an effect of disease 
severity and/or treatment on the risk. For RA, a link 
between disease activity and lymphoma development 
is well described.16 A similar association has not been 
shown for PsA. Notably, another study instead observed 
a significantly increased risk of lymphoma (HR=1.7) 
with use of csDMARD (but not with TNFi) in patients 
with PsA versus the general population.11 Thus, it may 
be that disease activity rather than type of treatment is 
of importance. In the present study, we set out to eval-
uate the impact of disease activity (DAS28- CRP) at start 
of follow- up among patients later developing haema-
tological malignancy (vs not). Unfortunately, the high 
proportion of missing information on disease activity in 
our data made it difficult to draw any firm conclusions.

Overall, our findings are not entirely in line with a 
recent meta- analysis by Vaengebjerg et al showing a 1.5- fold 
elevated risk of lymphoma in patients with psoriasis, but no 
increased risk in PsA.15 Using different PsA definitions in 
the studies included in the meta- analysis as compared with 
ours might explain these discrepancies. Previous studies 
have observed increased risks of cutaneous T- cell lymphoma 
in patients with severe psoriasis.15 Of note, this associa-
tion may potentially be a misclassification, that is, early 
cutaneous lymphomas being misdiagnosed as cutaneous 
psoriasis. Alternatively, it may be that an overall increased 
risk of lymphoma in psoriasis or in PsA is explained by 
persistent immune activation or by longstanding inflam-
mation leading to lymphoma development. Finally, we also 
assessed incidence by type of TNFi agent and found no 
signals of substantial differences.

The main strengths of our study include a large contem-
porary cohort, prospectively collected data and relatively 
long follow- up time (mean 5.7 years for TNFi treated). 
This, and the possibility to pool data from all Nordic coun-
tries, enabled us to assess risks not only of haematological 
malignancy overall but also of lymphoid and myeloid types 
separately. Because the diagnosis of PsA in all CRR is made 
by a rheumatologist and because of the complete coverage 
of the national cancer registers in the five countries, both 
exposure and outcome misclassification risk was mini-
mised. Additionally, the PsA diagnosis in the NPR- based 
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bDMARD- naïve group was based on ≥2 registered visits in 
NPR at a rheumatology or internal medicine department, 
thereby further minimising any risk of exposure misclassi-
fication. Additionally, the risk estimates were similar irre-
spective of what bDMARD- naïve PsA group was compared 
with. This shows the robustness of our results, as does the 
possibility to compare with an alternative active compar-
ator (csDMARD treated) group. Further, access to matched 
general population comparators allowed estimations of the 
underlying risk of haematological malignancy in the entire 
PsA population.

Study limitations include missing data on smoking, 
disease activity, and other lifestyle risk factors. Further, we 
were unable to extract data on accumulated disease activity 
during the time of follow- up, and at the same time, we 
considered baseline disease activity in terms of DAS28- CRP 
an insufficient parameter, and thus abstained from adjusting 
for this in our models. This decision was indirectly backed 
by the sensitivity analysis showing no differences in base-
line disease activity parameters between those that did or 
did not develop a haematological malignancy. Additionally, 
pooling Danish and Swedish data together, DAS28- CRP at 
baseline was not associated with future risk of haematolog-
ical cancer neither overall, nor by subtype. Additionally, the 
high proportion of missing data on smoking is indeed a 
limitation. However, we were able to adjust for comorbid-
ities including chronic obstructive pulmonary disease as a 
proxy of smoking; and the results remained nearly similar 
to those of the main analysis. Also, the use of a register 
based PsA diagnosis from the NPR could potentially include 
patients with other chronic inflammatory arthritides such 
as RA that carries an inherited increased lymphoma risk. 
This would overestimate the lymphoma risk in patients 
with PsA compared with the general population. However, 
excluding patients ever diagnosed with RA only attenuated 
the risk estimate slightly. Lastly, we did not have the statis-
tical power to investigate any potential association between 
non- TNFi biologics and haematological malignancies; and 
nor to investigate potential associations between TNFi use 
and specific types of lymphoid malignancies.

To conclude, TNFi treatment did not increase the risk of 
haematological malignancy overall, nor of lymphoid and 
myeloid types, in patients with PsA. However, there were 
signals of a moderately increased risk in patients with PsA 
overall as compared with the general population. The find-
ings contribute important clinical information for patients 
and physicians.
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