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Abstract 

 

Objective: To investigate the relative risk of cancer development in rheumatoid 

arthritis (RA) patients in Greece, after taking into consideration treatment modalities. 

 
Methods: The present analysis used data on medical history of 26 331 participants in 

the Greek arm of the European Prospective Investigation into Cancer and Nutrition 

(EPIC), that were collected at enrollment and thereafter during active follow-up. 

History of RA and of drug treatment for the disease, as reported at baseline 

examination, was linked to cases of cancer reported during follow-up 

 
Results: A total of 91(9.9%) patients with RA developed a cancer, as compared with 

1542 (6.1%) patients without RA. The overall HR of all cancers was 25% (95% CI: 

1% - 54%) elevated among participants with prevalent RA, and almost all the site-

specific incident cancer sites considered had rate ratios above unity. Regarding the 

contribution of RA medication, the HR of patients treated with salicylates was close 

to unity (1.07, 95% CI: 0.69-1.65), whereas those who were not treated with 

salicylates had a 31% (95% CI: 3% - 67%) increased risk for cancer incidence, 

compared to those without RA at baseline. 

 
Conclusions: Ra patients have excess cancer risk due to either underlying complex 

disease pathways or treatment agents targeting immune function. Administration of 

salicylates appears to reduce the risk of developing malignancies. 
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Introduction 

 

Inflammation plays a pivotal, yet inadequately quantified, role in the processes of 

carcinogenesis. In 1863, Virchow first suggested the linkage between inflammation 

and cancer. He hypothesized that the "lymphoreticular infiltrate" represents the origin 

of cancer at sites of chronic inflammation. His hypothesis was partly based on the 

observation that certain types of irritants, along with tissue injury and subsequent 

inflammation, enhance cell proliferation and therefore tumor growth [1]. In 1986, 

Dvorak described tumors as wounds that fail to heal. In fact, the tumor 

microenvironment shares many features with an inflammatory, chronic tissue damage. 

[2,3]. On the other hand, activation of inflammatory cells is considered to be part of 

an immune response of the body in order to eliminate mutant cells, a process called 

immunosurveillance, that was originally suggested by Ehrlich and later expanded and 

formalized [4]. 

 
Rheumatoid arthritis (RA) belongs in a group of chronic autoimmune-mediated and 

highly disabling diseases involving inappropriate or excessive immune responses 

accompanied by acute and chronic inflammation [5]. The risk of malignancies among 

RA patients has been of considerable interest due to the underlying 

pathophysiological mechanisms resulting in severe long-term inflammation. 

However, the association of malignancies with RA remains a field of controversy. 

Some studies have demonstrated a higher incidence of malignant diseases in patients 

with RA versus individuals in the general population. The relative risks (RR) in 

record linkage cohort studies from Taiwan [6] and Sweden [7-9] were 1.2 to 1.3 for 

all cancers combined, and there was some indication of excess risk for tobacco-related 

and skin cancer, though the associations with solid cancers were moderate and 

inconsistent across sites [8]. There was a strong association with lymphoid neoplasms, 
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and particularly with lymphomas, with RRs of the order of 2 to 3, though the issue is 

still open to clarification [6,10]. However, other reports have indicated an inconsistent 

or even lower risk of malignant diseases in patients with RA, particularly for 

colorectal, female-hormone related, and prostatic cancer [8-10]. 

 
Additionally, the therapy of RA may play a role towards cancer development which 

makes complex the interpretation of epidemiological results. Baecklund et al [6] 

suggested that chronic inflammation, rather than its treatment, is a major determinant 

of lymphoma risk in patients with RA. However, the wide usage of 

immunosuppressants drugs in order to achieve disease remission, supports the 

immunosurveillance hypothesis [9]. 

 
The aim of this study was to investigate the relative risk of malignant diseases, after 

the diagnosis of RA patients, in relation to treatment modalities, using a nationwide 

cohort database from Greece. 

 

 

Methods 

 

The database used in the current analysis derived from the Greek arm of the European 

Prospective Investigation into Cancer and Nutrition (EPIC). The EPIC cohort consists 

of approximately 520 000 participants from 23 centers in 10 European countries. It 

provides data on health indicators and variables, dietary choices, lifestyle habits and 

socio-economic factors in relation to cancer and other chronic diseases. The design 

and methods of the EPIC study have been previously described [11]. 

 
The EPIC cohort in Greece comprises 28 572 volunteers (11 954 males and 16 618 

females) aged 20 – 86 years whose enrollment took place between 1994 and 1999 

from all over Greece. Since the baseline examination, participants are actively 

followed-up through telephone interviews conducted by specially trained health 
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professionals, every two to four years. Data from follow-up until the end of February 

of 2014 are considered. In particular, the present analysis is based on data collected 

from 26 331 study participants, after the exclusion of 2 241 subjects with prevalent 

cancer at recruitment or missing values for at least one of the study variables, or 

absence of follow-up. The procedures applied in the EPIC cohort were in accordance 

with the Declaration of Helsinki on the Ethical Principles for Medical Research 

involving Human Subjects of 1975, as revised in 1983. The study protocol was 

approved by the ethics committees of the International Agency for Research on 

Cancer (IARC) and the Medical School of the University of Athens. All study 

participants signed an informed consent form. 

 
Exposure estimates and health outcomes 

 

In the context of the EPIC study, detailed data on medical history of each participant 

were collected at enrollment and thereafter during active follow-up. For the present 

analysis, history of RA and of drug treatment for the disease, as reported during 

completion of the relevant questionnaire at baseline examination, were taken into 

consideration. The cases of RA refer to medically diagnosed conditions, that were self 

reported. The drugs reported were categorized according to the Anatomical 

Therapeutic Chemical (ATC) Classification System by the World Health Organization 

Collaborating Centre for Drug Statistics Methodology (WHOCC). ATC codes 

referring to salicylates, nonsteroidal anti-inflammatory drugs (NSAIDs), 

corticosteroids, disease-modifying antirheumatic drugs (DMARDs) and biologic 

agents were used for the current study. The drugs included in the DMARDs category 

were: hydroxychloroquine, sulfasalazine, methotrexate, gold, d-penicillamine, 

azathioprine, cyclophosphamide, chlorambucil, cyclosporin, leflunomide, 

minocycline, tacrolimus [12-14]. 
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The outcomes considered were cases of cancer with date of diagnosis subsequent to 

the date of entry to the study, i.e. reported during follow-up. In case of death, a next of 

kin was asked about further information and then the death certificate was identified 

in the respective registry, and the causes of death were recorded in the central 

database. The self-reported cancer incident and mortality cases were subsequently 

verified by reference to the medical records of the hospital where the subject had been 

diagnosed and/or treated. In our analysis, we included both verified (84%) and self-

reported (16%) cases. 

 
Statistical analysis 

 

The participants personal characteristics were considered by sociodemographic, 

lifestyle and anthropometric variables evaluated at enrolment, separately for men and 

women. The overall and site-specific cancer distribution for subjects with and without 

RA at enrolment were also estimated. 

 
For the evaluation of the relationship between RA and overall and site-specific 

cancer, Cox proportional hazards models were applied to derive multivariate hazard 

ratios (HR) and the corresponding 95% confidence intervals (CI), including terms for 

sex, age, height, tobacco and alcohol consumption, education, marital status and 

energy intake. Person-years were computed from baseline until the date of the 

participant's diagnosis for any cancer (for those who developed cancer during follow-

up) or until the date of death (for those who died during follow-up, without any 

cancer) or until the date of the last follow-up. 

 
All statistical analyses were conducted using the Stata/SE 11.0 for Windows 

statistical package (Stata CorpLP Lakeway Drive College Station, Texas, USA). 

Statistical significance was considered as two-sided p<0.05. 
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Results 

 

The baseline characteristics of the 26 331 study participants, in relation to 

sociodemographic, lifestyle and medical information are given in Table 1. The 

average age at enrollment of the subjects involved was 53.1 ± 12.6 years (range: 20 to 

84 years), and 42% of the subjects were male. The prevalence of RA was higher in 

women (4.9%) compared to men (2.2%). The mean (SD) follow-up time was 10.8 

(±3.7) years. During the observation period, a total of 1633 cancer cases were 

identified. Overall cancer incidence was higher in men than in women (7.2% vs 5.5% 

respectively). 

 
An increased overall cancer proportion in patients with RA was observed when 

comparing the overall and site specific cancer incidence across the strata of 

participants with and without RA at baseline (Supplementary data, Table 1). This 

finding was also apparent when applying Cox regression in order to estimate the HR 

among patients with RA for overall and site specific cancer incidence, adjusting for 

potential confounders (Table 2). The overall HR of all cancers was 25% (95% CI: 1% 

- 54%) elevated among participants with prevalent RA, and most of the site-specific 

incident cancer sites considered had rate ratios above unity. The higher HR in the 

present analyses were observed for urinary tract (HR=1.72), prostate (HR=1.62) and 

lung cancer (HR=1.53), albeit none of the estimated HRs was significant, due to the 

few cancer cases among participants with prevalent RA. 

 
When the contribution of RA medication was investigated, the HR was 1.07 (95% CI 

0.69-1.65) for patients treated with salicylates. Patients who were not treated with 

salicylates at enrollment had a 31% (95% CI: 3% - 67%) increased risk for cancer 

incidence, compared to those without RA at baseline (Supplementary data, Table 2). 

Among site-specific cancers, the difference according to treatment group was 
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apparently larger for digestive cancer cases, as the hazard ratio was elevated for those 

who did not receive salicylates at baseline [HR=1.40 (95% CI: 0.87 - 2.25)] and was 

below unity for those that received salicylates at baseline [HR=0.83 (95% CI: 0.31 - 

2.22)] (data not shown in tables). 

 

 

Discussion 

 

The present analysis, based on data from a prospective cohort of 26 331 men and 

women from different regions of Greece, demonstrated an increased cancer risk 

among RA patients, though no specific excess of lymphoid neoplasms. The elevated 

risk was apparent for overall cancer incidence, as well as for several cancer sites 

considered, after adjustment for potential confounders. While investigating the 

relationship between drug treatment of RA and neoplasia, administration of 

salicylates as part of RA medication appears to reduce the risk of developing 

malignancies. The beneficial effect of salicylates was observed for overall cancers, 

and was apparently greater for malignant neoplasms of the gastrointestinal tract. 

 
Autoimmune diseases, like RA, have been considered to cause exaggerated and 

intolerant anti-self-tissue immune response, which appears to be responsible for the 

starting damage and the resulting chronic inflammation. This notion suggests an 

underlying disease-related cancer risk [6,15]. As far as lymphoid neoplasms are 

considered, there was only one case among patients with RA. Our findings, therefore, 

are little informative on the association between RA and lymphoid neoplasms, but 

remain compatible with the 2- to 3-fold excess risk reported in other studies, though 

the association remains unclear [6,10]. Moreover, a non significant heterogenetity was 

noted between the sexes, with higher risk among men than women. This may be due 

to a lower risk of female-hormone related cancers, as previously described [9,16]. 
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For RA and other chronic inflammatory diseases subject to prolonged treatment with 

drugs that influence the immune function, it may be difficult to separate the effects of 

treatment from that of the disease itself. Most patients with RA are treated with more 

than one agent during their disease course and many studies, including the present, are 

based on populations treated with a variety of anti-inflammatory and 

immunosuppressive drugs. The latter are thought to favour cancer growth [9]. On the 

other hand, traditional treatment of RA includes salicylates, which may reduce the risk 

of cancer [17]. Salicylates affect mechanisms relevant to carcinogenesis, such as the 

inhibition of cyclo-oxygenase and subsequently prostaglandin production, the 

enhancement of cellular apoptosis and DNA mismatch repair, resulting to a possible 

protection against several cancers [16-20]. This is supported by the results of the 

present analysis, showing lower cancer risk for RA patients undertaking salicylates, 

though there was no significant heterogeneity. 

 
The strengths of this study comprise the use of a prospective cohort that covers 

different regions of Greece and the long duration of the participants' monitoring 

through active follow-up. However, the overall association was of borderline 

significance, and the association of RA with selected site-specific cancers, such as 

urinary tract cancers, requires larger datasets to be adequately assessed. 

 
Conclusions 

 

Ra patients have excess cancer risk due to either underlying complex disease 

pathways or treatment agents targeting immune function. Over the last decades, great 

advances have been made in the field of clinical practice, since new and more 

effective drugs of the DMARDs category are tested and placed for broad usage. This 

dataset has not, however, adequate power to address this issue. In addition, it would 
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be advisable to reassess the risk-benefit balance of salicylates in RA patients for 

 

cancer prophylaxis, besides their benefits in vascular disease [17]. 
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Table 1: Distribution of the 26331 study participants by sociodemographic, 

lifestyle and anthropometric variables evaluated at enrolment 

 

  MEN WOMEN 

    

 Age (in years), mean (sd) 52.8 (12.8) 53.3 (12.5) 

 Height (in meters), mean (sd) 1.70 (0.07) 1.56 (0.07) 

 BMI (in kg/m
2
), mean (sd) 28.2 (3.8) 29.0 (5.2) 

 Physical activity (in METS), mean (sd) 35.3 (6.3) 35.4 (4.3) 

 Energy intake (in kcal/day), mean (sd) 2333 (709) 1866 (569) 

 Alcohol intake (in gr/day), mean (sd) 19.4 (25.8) 3.5 (6.6) 

 Education, n (%)    

 ≤6 yrs 6053 (55) 10305 (67) 

 7-12 yrs 2710 (25) 2744 (18) 

 >12 yrs 2174 (20) 2345 (15) 

 Marital status, n (%)    

 Married/live together 9899 (91) 12418 (81) 

 Alone/divorced/widowed 1038 (9) 2976 (19) 

 Smoking status, n (%)    

 Never 2709 (25) 11265 (73) 

 Former 3686 (34) 1173 (8) 

 Current 4542 (42) 2956 (19) 

 Prevalent CVD, n (%)    

 No 9738 (89) 14172 (92) 

 Yes 1199 (11) 1222 (8) 

 Use of salicilates at baseline, n (%)    

     



 No 9217 (84) 12925 (84) 

 Yes 1720 (16) 2469 (16) 

 Rheumatoid arthritis at baseline, n (%)     

 No 10695 (98) 14642 (95) 

 Yes 242 (2) 752 (5) 

      



Table 2: Hazard ratios from Cox regression of rheumatoid arthritis for overall and 

 

site specific cancer incidence, adjusted for potential confounders* 
 

 # of cancer cases HR (95% C.I.) 
   

All cancers   

Rheumatoid arthritis (vs no rheumatoid arthritis) 1633 1.25 (1.01 - 1.54) 

Prostate cancer (men)   

Rheumatoid arthritis (vs no rheumatoid arthritis) 119 1.62 (0.71 - 3.70) 

Breast cancer (women)   

Rheumatoid arthritis (vs no rheumatoid arthritis) 294 1.08 (0.66 - 1.78) 

Digestive tract cancers   

Rheumatoid arthritis (vs no rheumatoid arthritis) 376 1.24 (0.81 - 1.92) 

Lung cancer   

Rheumatoid arthritis (vs no rheumatoid arthritis) 219 1.53 (0.85 - 2.76) 

Urinary tract cancers   

Rheumatoid arthritis (vs no rheumatoid arthritis) 129 1.72 (0.83 - 3.55) 

Lymphomas/ lymphoid neoplasms   

Rheumatoid arthritis (vs no rheumatoid arthritis) 19 0.97 (0.13 - 7.41) 

Other cancers   

Rheumatoid arthritis (vs no rheumatoid arthritis) 477 1.15 (0.77 - 1.73) 
   
 

 
*potential confounders: age (in years; continuously), sex, height (in m; continuously), 

physical activity (in METS; continuously), energy intake (in kcal/d; continuously), alcohol 

intake (in gr/d; continuously), smoking status (never/former/current; categorically), education 

(<12 /12 />12 years of schooling; categorically), marital status (Married-live together / Alone-

divorced-widowed; categorically) 


