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Abstract
Objectives To investigate the potential association between tumour necrosis factor (TNF) inhibitor treatment and malignant melanomas in rheumatoid arthritis, melanoma risks in rheumatoid arthritis patients not treated with biological drugs, and risk of all site cancer with TNF inhibitors as used in rheumatoid arthritis.
Design Population based cohort study.
Setting Prospectively recorded data from national clinical, health, and demographic registers in Sweden 2001-10.
Patients with rheumatoid arthritis treated (n=10 878) or not (n=42 198) with TNF inhibitors and matched general population comparators (n=162 743).
Main outcome measures The primary outcome was first invasive melanoma in people without any history of invasive cancer of any type. Hazard ratios were estimated using Cox regression, comparing non-biological drug treated rheumatoid arthritis patients with the general population comparator and TNF inhibitor treated rheumatoid arthritis patients with those not treated with biological drugs. Secondary outcomes included in situ melanomas, second primary melanomas, and all site cancer.
Results 113 first invasive melanomas occurred in rheumatoid arthritis patients not treated with biological drugs, and 393 occurred in the general population comparator cohort. Rheumatoid arthritis patients not treated with biological drugs were not at significantly increased risk of melanoma compared with the general population (hazard ratio 1.2, 95% confidence interval 0.9 to 1.5). 38 first invasive melanomas occurred in rheumatoid arthritis patients treated with TNF inhibitors; these patients had an increased risk of melanoma compared with rheumatoid arthritis patients not treated with biological drugs (hazard ratio 1.5, 1.0 to 2.2; 20 additional cases per 100 000 person years). The risk of a second primary melanoma was non-significantly increased (hazard ratio 3.2, 0.8 to 13.1; n=3 v 10) in rheumatoid arthritis patients treated with TNF inhibitors compared with those not treated with biological drugs.
Conclusion Overall, patients with rheumatoid arthritis who have not been treated with biological drugs are not at increased risk of invasive melanoma compared with the general population. Rheumatoid arthritis patients selected for TNF inhibitor treatment are not at increased overall risk for cancer but have a 50% increased relative risk of invasive melanoma. Given the small increase in absolute risk, these finding may not markedly shift the overall risk-benefit balance of TNF inhibitors as used in clinical practice but might do so in patients at high risk of melanoma for other reasons.

Introduction
Activation of the immune system is a key event in the tumour defence triggered by malignant melanoma (referred to hereafter as melanoma).1 States of impaired immune competence, such as in AIDS and organ transplantation, have been identified as risk factors for melanoma.2 3 4 Rheumatoid arthritis, non-biological drug treatments, or both, might suppress tumour surveillance and in theory increase the risk of melanoma.5 6
Introduced in the late 1990s, tumour necrosis factor (TNF) inhibitors have become a mainstay in the treatment of rheumatoid arthritis. Although the overall risk of cancer seems not to be increased,7 8 9 10 11 12 TNF inhibitor treatment has been feared to increase the risk of melanoma.5 Experimental studies indicate that TNF plays an important role in the growth regulation of melanomas,13 and recent clinical data link relapse of melanoma with low concentrations of TNF.14 Isolated limb perfusion with TNF is a therapeutic approach used in advanced melanoma, supporting the notion of TNF as a protective cytokine in certain clinical manifestations of melanoma.15 16
As supported by a recent review, most,17 18 19 but not all,6 11 observational studies report no increased risk of melanoma in patients with rheumatoid arthritis not treated with biological drugs compared with the general population (supplementary table A).20 In rheumatoid arthritis patients treated with TNF inhibitors, case reports and at least one observational study suggest a possible link between TNF inhibitors and risk of melanoma.10 21 22 23 Furthermore, a conspicuous number of second or recurrent melanomas have been reported in TNF inhibitor treated rheumatoid arthritis patients with a history of melanoma before starting treatment.24 In an interim analysis based on the Swedish biologics register, we previously reported, in abstract format and based on a small number of events, an excess risk of melanoma in rheumatoid arthritis patients treated with TNF inhibitors.25
This study represents a considerable extension of our interim analysis. Using a nationwide population based cohort design, we investigated risks of melanoma in patients with rheumatoid arthritis compared with the general population and whether patients selected for treatment with TNF inhibitors were at particularly increased risk.

Methods
Study design
This was a population based cohort study of rheumatoid arthritis patients and matched general population comparators. Our main exposures of interest were rheumatoid arthritis and TNF inhibitors. Our outcome of interest was melanoma.

Setting
Provision of healthcare in Sweden is independent of patient related financial capacity or insurance status. Rheumatoid arthritis patients are typically treated in public care by rheumatologists. Personal identification numbers permit linkage of information from national and virtually complete registers on demographics, morbidity, and mortality, as described elsewhere.26 Typically, and in this study, only 0.2% of all people have had to be excluded owing to inconsistent or missing data precluding unambiguous follow-up.

Data sources, participants, and variables
The Swedish outpatient register was started in 2001 as a new component of the Swedish patient register (which also covers virtually all hospital discharges since 1987). The outpatient register includes information on diagnoses in non-primary outpatient care, coded according to ICD-10 (international classification of diseases, 10th revision).27 The coverage varies with calendar year and specialty but is estimated to be nearly 90% of all rheumatoid arthritis patients in Sweden.28 Chart reviews indicate that 90% of the diagnoses of rheumatoid arthritis are correct according to the American College of Rheumatology criteria.29 30
The Swedish biologics register (Anti-Rheumatic Therapy in Sweden, ARTIS) is a subset of the Swedish rheumatology quality register. It includes adult patients with rheumatic diseases starting any anti-rheumatic biological drug treatment. At start of treatment and at follow-up visits, the treating rheumatologist enters details of the disease activity and anti-rheumatic treatment. The coverage of ARTIS is approximately 90%.31
The national prescribed drug register contains information on all prescribed drugs dispensed at Swedish pharmacies from July 2005 onwards, with an estimated coverage of close to 100%.32 The Swedish national cancer register was established in 1958. Reporting of incident cancers is mandatory, resulting in an estimated coverage of greater than 95%.33 The register contains data on date of cancer, type of cancer according to the ICD classification,27 and morphology. The Swedish population register includes data on residency and dates of immigration and emigration for all people ever resident in Sweden from 1961 onwards, and coverage is virtually complete.34 The Swedish cause of death register is updated annually and provides information on dates and causes of death for all deceased residents from 1952 onwards.35
Study population
Through linkage of ARTIS, the outpatient register, and the cancer register, we identified a nationwide rheumatoid arthritis cohort. We identified all patients who had never been treated with biological drugs and had a minimum of two visits listing rheumatoid arthritis as the main diagnosis or a contributory diagnosis in non-primary outpatient care between 1 January 2001 and 31 December 2010 (n=49 136; figure⇓). At least one of these visits was at a department of rheumatology or internal medicine. The second visit served as the date of inclusion. We excluded patients who had ever received a diagnosis of juvenile idiopathic arthritis, ankylosing spondylitis, systemic lupus erythematosus, or psoriatic arthritis (see appendix 1 for ICD codes). We used two definitions of this non-biological drug treated rheumatoid arthritis study population. The first definition included patients with no history of any invasive cancer before inclusion into the cohort (n=42 198), and the other included patients with a history of melanoma before inclusion (n=295). Similarly, in ARTIS, we identified those rheumatoid arthritis patients who started a TNF inhibitor as their first ever biological drug treatment between 1 January 1998 and 31 December 2010 (n=11 343; figure⇓). Of these, 10 878 had no history of invasive cancer at start of treatment, and 54 had a history of melanoma. More than 99% of the TNF inhibitor treated patients were also in the above mentioned nationwide rheumatoid arthritis cohort. Through linkage to the Swedish population register and the cancer register, we assembled a general population comparator cohort to the non-biological drug treated and TNF inhibitor treated rheumatoid arthritis patients, matched one to five on sex, year of birth, marital status, and county of residence (n=204 054). We assigned comparators the same date of inclusion as their matched rheumatoid arthritis patient and required them to be alive and free of invasive cancer at this date (n=162 743; figure⇓).
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Definition of exposure
We compared three exposure categories: non-biological drug treated rheumatoid arthritis patients, rheumatoid arthritis patients starting a first ever treatment with any of the five TNF inhibitors approved in Sweden during the study period (adalimumab, certolizumab pegol, etanercept, golimumab, and infliximab), and the general population. TNF inhibitor treated patients were considered “ever exposed” and contributed time even if the TNF inhibitor treatment was stopped or a non-TNF inhibitor biological drug was started. We treated TNF inhibitor as a time dependent covariate such that patients contributed to the non-biological drug treated group until they started their first TNF inhibitor or non-TNF inhibitor biological drug and to the TNF inhibitor treated group thereafter.

Follow-up and outcome
Follow-up began at the first date of fulfilment of the inclusion criteria into each of the exposure categories. Follow-up ended at the earliest of death, emigration, outcome, any invasive cancer other than the outcome, and 31 December 2010. Through register linkages, we identified all registered in situ or invasive cancers in the study population from inclusion to 31 December 2010. We defined the primary outcome as invasive melanoma (in people without a history of invasive cancer of any type or site). We defined three secondary outcomes: in situ melanoma (in people without a history of invasive cancer of any type or site), second invasive or in situ melanoma (in people with a history of an invasive or in situ melanoma but without a history of any other type of invasive cancer), and invasive cancer of any type and site other than basal cell skin cancer. The third secondary outcome was chosen to put the effect of any increased risk of melanoma into context. For each analysis, we excluded people not at risk and censored those no longer at risk.

Chart review
We reviewed charts to validate the diagnoses and examine the temporal order of exposure and outcome among the TNF inhibitor treated patients. We reviewed charts before updating the latest register linkage, so we examined the records for only 24 of the 39 cases of melanoma.

Potential confounders
We identified potential confounders through register linkages: country of birth, family history of melanoma, educational level, personal history of non-melanoma skin cancer in situ, hospital admissions/outpatient visits for knee/hip joint replacement surgery, chronic obstructive pulmonary disease, ischaemic heart disease, and diabetes mellitus (full description and ICD codes are in appendix 2). To adjust for exposure to non-biological disease modifying anti-rheumatic drugs, we used data from the prescribed drug register for the subset of our population followed from July 2005 through 2010. We calculated accumulated use of methotrexate in each patient by summing of all time periods during follow-up for which a prescription was filled.


Statistical analyses
We used Cox regression to estimate hazard ratios, using follow-up time as the timescale. Alternative timescales and model specifications yielded virtually identical results.
In the analyses of TNF inhibitor treated versus non-biological drug treated rheumatoid arthritis patients, we adjusted hazard ratios for age at inclusion, sex, year of inclusion, and the potential confounders listed above. We estimated hazard ratios overall and separately by age at start of follow-up, calendar period of starting TNF inhibitor, and time since start of first TNF inhibitor. We adjusted analyses of non-biological drug treated rheumatoid arthritis patients versus the general population comparator for age and sex but not for other covariates, as these mostly pertained to time points after onset of rheumatoid arthritis.
We tested the proportional hazards assumption (and found it not to be violated) by introducing an interaction term of exposure and log of follow-up time in the model. To assess the robustness of the hazard ratios for risk of melanoma in relation to the definition of the non-biological drug treated rheumatoid arthritis comparator, we did sensitivity analyses considering three sub-cohorts nested within the original nationwide rheumatoid arthritis cohort: rheumatoid arthritis patients changing non-biological disease modifying anti-rheumatic drug treatment, rheumatoid arthritis patients stable on methotrexate, and incident rheumatoid arthritis patients starting a first ever non-biological disease modifying anti-rheumatic drug (supplementary table B).
We used Cox regression to explore predictors of risk of melanoma within the TNF inhibitor treated cohort. We assessed the following predictors at the start of treatment: age, sex, duration of rheumatoid arthritis, rheumatoid factor, and non-biological disease modifying anti-rheumatic drugs. We used the SAS software package, version 9.2, for all analyses.


Results
Table 1⇓ describes characteristics of the TNF inhibitor treated cohort. Median follow-up was 4.8 years; 8375 (77%) received TNF inhibitor in combination with non-biological disease modifying anti-rheumatic drugs; of these, 7119 (85%) used methotrexate. Among the reviewed cases, all charts were identified and all diagnoses of rheumatoid arthritis and melanoma were confirmed. In all cases, the TNF inhibitor treatment antedated the diagnosis of melanoma. 
Table 1  Baseline characteristics of three population based Swedish cohorts: one cohort of rheumatoid arthritis patients starting tumour necrosis factor (TNF) inhibitor as a first ever biological drug 1998-2010, one cohort of rheumatoid arthritis patients identified 2001-10 (censored at start of first biological drug), and one matched general population comparator. Values are numbers (percentages) unless stated otherwise


View this table:	View popup
	View inline






Non-biological drug treated rheumatoid arthritis patients versus general population
The proportion of melanomas classified in the national cancer register as clinical stage 1,  clinical stage 2-4, and clinical stage missing/unclassifiable were similar in the non-biological drug treated and general population cohorts (P=0.1). On the basis of 113 cases during 203 345 person years of follow-up in the non-biological drug treated cohort (56 per 100 000) and 393 cases during 854 111 person years in the general population comparator cohort (46 per 100 000), the age and sex adjusted hazard ratio for invasive melanoma was 1.2 (95% confidence interval 0.9 to 1.5) (table 2⇓).
Table 2  Occurrence and hazard ratio of cancer outcomes in 42 198 Swedish rheumatoid arthritis patients not treated with biological drugs, compared with matched general population cohort (n=162 743)
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On the basis of 57 cases of in situ melanoma during 197 754 person years in the non-biological treated cohort (29 per 100 000) and 219 cases during 838 548 person years in the general population comparator cohort (26 per 100 000), the age and sex adjusted hazard ratio for in situ melanoma was 1.2 (0.9 to 1.7).
On the basis of on 2788 first invasive all site cancer during 196 826 person years in the non-biological treated cohort (1416 per 100 000) and 9736 first invasive all site cancer during 831 297 person years in the general population cohort (1171 per 100 000), the age and sex adjusted hazard ratio was 1.1 (1.1 to 1.2), even after exclusion of invasive melanomas from the all site analysis (data not shown).

TNF inhibitor treated versus non-biological drug treated rheumatoid arthritis patients
The proportion of melanomas classified in the national cancer register as clinical stage 1,  clinical stage 2-4, and clinical stage missing/unclassifiable were similar in the TNF inhibitor and non-biological drug treated cohorts (P=0.7). On the basis of 38 invasive melanomas during 57 223 person years in the TNF inhibitor treated cohort (68 per 100 000) and 113 invasive melanomas during 203 345 person years of follow-up in the non-biological treated rheumatoid arthritis cohort (56 per 100 000), the age and sex adjusted hazard ratio was 1.6 (1.1 to 2.5) and the fully adjusted hazard ratio was 1.5 (1.0 to 2.2) (table 3⇓). We detected no significant differences in the hazard ratios of invasive melanoma between different age categories, different time intervals since start of first TNF inhibitor, different categories of accumulated time on TNF inhibitor, and different calendar periods of start of TNF inhibitor. Compared with non-biological drug treated rheumatoid arthritis patients, the risk of melanoma in TNF inhibitor treated men (age adjusted hazard ratio 2.7, 1.6 to 4.6) was higher than that in women (1.2, 0.7 to 1.9) (P for difference <0.001) (table 4⇓). 
Table 3  Occurrence and hazard ratios of cancer outcomes in 10 878 Swedish rheumatoid arthritis patients starting tumour necrosis factor inhibitor compared with 42 198 not treated with biological drugs


View this table:	View popup
	View inline






Table 4  Number of first invasive melanomas and hazard ratios in 10 878 rheumatoid arthritis patients treated with TNF inhibitor compared with 42 198 not treated with biological drugs, separately by sex, age at start of TNF inhibitor, time since start of TNF inhibitor, accumulated time on TNF inhibitor treatment, and calendar period of TNF inhibitor start
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On the basis of 558 first invasive all site cancers during 55 947 person years in the TNF inhibitor treated cohort (997 per 100 000) and 2788 first invasive all site cancers during 196 826 person-years in the non-biological drug treated cohort (1416 per 100 000), the age and sex adjusted hazard ratio was 1.0 (0.9 to 1.1) and the fully adjusted hazard ratio was 1.0 (0.9 to 1.1), even after exclusion of invasive melanomas from the all site analysis (data not shown).
On the basis of 11 cases of in situ melanoma during 56 080 person years in the TNF inhibitor treated cohort (20 per 100 000) and 57 cases of in situ melanoma during 197 754 person years in the non-biological drug treated cohort (29 per 100 000), the hazard ratio for in situ melanoma was 1.1 (0.5 to 2.1). Owing to small numbers, we abstained from further adjustments for comorbidities and other pre-specified confounders.
Fifty four TNF inhibitor treated and 295 non-biological drug treated rheumatoid arthritis patients had a history of an invasive or in situ melanoma at the start of treatment. Among these, 3 (all in situ) versus 10 (5 in situ) patients developed a new melanoma during follow-up, corresponding to an age and sex adjusted hazard ratio of 3.2 (0.8 to 13.1). Owing to small numbers, we abstained from further adjustments for comorbidities and other pre-specified confounders.

Sensitivity analyses
Sensitivity analyses using alternative definitions of the non-biological drug treated rheumatoid arthritis comparator resulted in hazard ratios for the main outcome compared with the general population ranging from 0.3 to 1.3 and hazard ratios for TNF inhibitor treated compared with non-biological drug treated rheumatoid arthritis patients ranging from 1.5 to 3.0 (supplementary table B).
To explore methotrexate as a potential confounder, we used data from the prescribed drug register from July 2005 through 2010. When we restricted the main analysis to this time period, adjustment for methotrexate did not change the hazard ratio associated with use of a TNF inhibitor. In analyses restricted to the 18 923 people among the TNF inhibitor treated and non-biological drug treated patients who entered into the study after July 2005, accumulated use of methotrexate was not associated with an increased risk of invasive melanoma (hazard ratios for melanoma ranging from 0.4 to 1.3 for one year or less through greater than three years of active methotrexate use). Similarly, in the predictor analysis, neither duration of rheumatoid arthritis nor concomitant use of non-biological disease modifying anti-rheumatic drugs at the start of the TNF inhibitor treatment emerged as predictors of melanoma (supplementary table C).


Discussion
With 38 incident invasive melanomas among the TNF inhibitor treated patients and 113 among the non-biological drug treated patients, our study represents the largest investigation of risks of melanoma in patients with rheumatoid arthritis treated with TNF inhibitors to date. We found a 50% increase in relative risk of invasive melanoma in rheumatoid arthritis patients treated with TNF inhibitors compared with non-biological drug treated patients. By contrast, we found no increased risk of in situ melanomas or any overall increase in risk of all site cancer.
The significance of TNF (and thereby potentially also of TNF inhibitors) in melanoma development is supported by studies in vitro and in humans. Melanoma is commonly regarded as an immunogenic tumour. This reflects its capability of causing an immune response in which cytokines such as TNF and interferon α are believed to have tumour neutralising potential.13 36 37 38 Profound suppression of the immune system with ciclosporin, prednisolone, and azathioprine has been shown to cause eruption of multiple melanocytic naevi.39 Thus, either through a specific effect or though “generic” effects in analogy with the observed effects of immune suppressive treatment in organ transplant patients,2 4 40 41 TNF inhibitor treatment might increase the risk of melanoma.5
Unlike previous studies of melanoma in rheumatoid arthritis or after organ transplantation, which have studied “melanoma” as the outcome,4 6 8 10 11 17 18 19 12 we could study invasive, in situ, and recurrent melanomas separately. We found an increased risk of invasive but not of in situ melanoma with TNF inhibitor treatment. This finding could have alternative explanations, including low power of the in situ melanoma analysis. The clinical detection of in situ and invasive melanomas might have been differential with respect to exposure status, but such detection bias is perhaps more likely to have overestimated in situ melanomas among TNF inhibitor treated patients owing to increased clinical vigilance. A substantial portion of invasive melanomas evolve from healthy skin with no primary naevus lesion. Melanoma stem cells, which interplay with fibroblasts, endothelial cells, and inflammatory cells, can directly transform into invasive melanoma, bypassing the intermediate “naevus state.”42 In situ melanomas and invasive melanoma might thus have different causes, and the effect of TNF inhibitor treatment might differ accordingly.
The hazard ratios for melanoma by time of follow-up and by accumulated time on active TNF inhibitor treatment did not show any marked trend over strata, although some strata were small. Among the TNF inhibitor treated patients, male sex was associated with a significantly higher risk of melanoma compared with female sex. In the general population, the incidence of melanomas is higher among men than women.43 Our findings might indicate that any effect of TNF inhibitor treatment may be more pronounced among men than women.
Although the effect was not significant, we detected a threefold higher risk of a second primary melanoma among the TNF inhibitor treated compared with non-biological drug treated rheumatoid arthritis patients. This possibly reflects a specifically strong effect of TNF inhibitors on development of melanoma in patients already at high risk of melanoma, but data must be interpreted with caution owing to small numbers. In a study on risk of relapse and new second primary cancers from the British biologics register (BSRBR), three of 17 TNF inhibitor treated patients with a previous melanoma had recurrences or new same site primaries, compared with none of 10 in the non-biological disease modifying anti-rheumatic drugs cohort.24
Strengths and limitations of study
Our study has several strengths and limitations. Linkage of national health and census registries ensured inclusion of virtually all rheumatoid arthritis patients seeking care in Sweden, including the vast majority of adult patients in Sweden who were new users of TNF inhibitors. We identified outcomes through linkage to the virtually complete national cancer register. Chart reviews confirmed the high diagnostic accuracy of the diagnoses of rheumatoid arthritis and cancer among the TNF inhibitor treated patients, as well as the temporal order of start of TNF inhibitor treatment and diagnosis of cancer. We could differentiate between first and second malignancies and between invasive and in situ melanomas, and we could also put the observed risk of melanoma in relation to that of other types of cancer. We lacked information on personal history of dysplastic or multiple naevi, which are well known risk factors for melanoma. However, as dysplastic or multiple naevi are not generally perceived to be contraindications to TNF inhibitors, channelling due to these factors is less likely.
We could adjust for several risk factors for melanoma or proxies thereof; however, as in many observational studies, confounding by indication remains a concern. We cannot exclude the possibility that the increased risk of melanoma among the TNF inhibitor treated patients was partly driven by the same factors that made the patients eligible for TNF inhibitor treatment or was associated with increased cancer surveillance during treatment. On the other hand, contraindications to TNF inhibitors and the potential for detection of cancer through pre-treatment investigations before starting a TNF inhibitor might have led to a selection of patients with an a priori lower risk of melanoma.
Therapeutic immune suppression, as in organ transplant patients, has been linked to an increased risk of melanoma.2 3 Although such treatment regimens are qualitatively different from and quantitatively more intense than typical non-biological treatment regimens for rheumatoid arthritis, one might hypothesise that non-biological disease modifying anti-rheumatic drugs, as used in rheumatoid arthritis, could be a confounder for risk of melanoma among TNF inhibitor treated patients. An Australian cohort study of 459 rheumatoid arthritis patients treated with methotrexate before 1986 reported a threefold increased risk of melanoma compared with the general population.6 The accumulated disease activity and the spectrum of non-biological disease modifying anti-rheumatic drug use may have been substantially different from our cohort. Alternative explanations for the discrepant finding include lack of precision and effect modification by exposure to ultraviolet light (higher in Australia than in northern Europe) or skin type. In most other cohort studies of non-biological drug treated rheumatoid arthritis patients, the typical finding has been a non-elevated risk of melanoma (supplementary table A), indicating that non-biological disease modifying anti-rheumatic drugs typically used in rheumatoid arthritis are not a strong risk factor for melanoma. This is also supported by a recent meta-analysis indicating a non-increased risk of melanoma in rheumatoid arthritis patients not treated with biological drugs compared with the general population (standardised incidence ratio 1.01, 95% confidence interval 0.93 to 1.10).20 In keeping with this, the non-biological drug treated rheumatoid arthritis cohort in our study was not at significantly elevated risk of melanoma, despite a high exposure to non-biological disease modifying anti-rheumatic drugs; nor did we observe any association with, or confounding by, use of methotrexate. Over the past decade, most patients with rheumatoid arthritis have been treated with non-biological disease modifying anti-rheumatic drugs from the onset of their disease, so disease duration is likely to be a proxy for accumulated exposure to these drugs. However, in our assessments of predictors of risk of melanoma within the TNF inhibitor treated cohort, duration of rheumatoid arthritis did not emerge as a risk factor. Nevertheless, in the absence of a full treatment history since diagnosis of rheumatoid arthritis in all of our cohorts, we cannot formally rule out confounding or effect modification by non-biological disease modifying anti-rheumatic drugs.
Starting or changing treatment may in itself increase or decrease the risk of having a cancer detected. We used three alternative definitions of the non-biological drug treated rheumatoid arthritis cohort, defined on the basis of specific states of or changes in treatment. Although statistical precision was lower, the analyses of disease modifying anti-rheumatic drugs “switchers” (a new user design) and “stable” methotrexate users showed hazard ratios similar to that of our primary analysis.
TNF inhibitors were introduced in the late 1990s. The median follow-up from start of TNF inhibitor treatment in our study was 4.8 years (maximum 10 years), which might be insufficient to detect long term effects on cancer risks.

Findings in relation to other studies
Only a few clinical studies have investigated the risk of melanoma in TNF inhibitor treated rheumatoid arthritis patients. A cohort study using US and Canadian claims data investigated cancer risks in older rheumatoid arthritis patients exposed to methotrexate, biological drugs, or both.11 The authors reported a doubled risk of melanoma among rheumatoid arthritis patients overall compared with the general population (standardised incidence ratio 2.3, 1.6 to 3.2), but of the 29 identified melanomas only one occurred among biological drug treated patients. A US community based cohort study, including 13 001 patients with rheumatoid arthritis, of whom approximately 50% were ever treated with biological drugs, reported an increased risk of melanoma compared with the general population (standardised incidence ratio 1.7, 1.3 to 2.2),10 largely driven by melanomas among the TNF inhibitor treated patients, with a relative risk of 2.3 (0.9 to 5.4) comparing patients treated and not treated with biological drugs. A study from the Danish biologics register reported a trend towards increased risk of melanoma among TNF inhibitor treated (n=3347, six melanomas) compared with non-biological drug treated rheumatoid arthritis patients (n=3812, three melanomas; hazard ratio 1.54, 0.37 to 6.34).8
In a recent pooled meta-analysis, estimates of risk for melanomas above one were observed for etanercept and infliximab but not for adalimumab, resulting in an overall Peto odds ratio of 1.08. Based on only four melanomas observed in three randomised controlled trials of 52-104 weeks’ duration, the estimate was, however, devoid of statistical precision (95% confidence interval 0.1 to 10.2).12 Compared with observational studies, the clinical trial setting offers a balanced distribution of risk factors between treatment groups. However, strict inclusion and exclusion criteria often limit the generalisability of trial data. In the cited meta-analysis, the incidence of melanoma was 30 per 100 000 person years among the TNF inhibitor treated patients and 15 per 100 000 among the non-biological drug treated patients, which is less than half the incidence rate in our study. Other meta-analyses have typically not reported specifically on risk of melanoma in association with TNF inhibitors.44 45 46 47

Melanoma risk in clinical perspective
Relative risks are clinically interpretable only in light of the underlying absolute risk. The observed 68 cases per 100 000 person years in the TNF inhibitor treated cohort corresponded to a number of additional cases in the order of 20 per 100 000 person years. In other words, if the observed association with TNF inhibitors reflects causality, thousands of rheumatoid arthritis patients must be treated for one year for one melanoma to be attributable to the TNF inhibitor treatment. Seven per cent of all cancers in our study were melanomas. The increased risk of melanoma did not translate into any increase in the overall risk of cancer, which was at unity.
Against the above, our finding does not markedly shift the overall risk-benefit balance of TNF inhibitors as used in clinical practice, in that the beneficial effects of TNF inhibitor treatment will in most cases outweigh the small increase in risk of melanoma. Our finding may, however, shift this balance in patients at high risk, such as those with a history of melanoma. Given the excellent prognosis of melanomas if detected early, increased clinical vigilance is probably advisable in such patients if treatment with TNF inhibitors is considered.

Conclusions
Our study indicates that the average risk of invasive or in situ melanoma is not increased in patients with rheumatoid arthritis not treated with biological drugs. Patients selected for treatment with TNF inhibitor are at a 50% increased risk of invasive melanomas, but not of in situ melanomas or of invasive cancers overall.
What is already known on this topic
	Recent reports suggest that states of immune suppression, such as after organ transplant, may be involved in the causation of malignant melanomas

	Other data suggest that tumour necrosis factor (TNF) may be important for the onset and course of melanoma

	Data on risk of melanoma in relation to therapeutic inhibition of TNF are limited and conflicting, as are data on whether the treated inflammatory conditions in themselves increase the risk of melanoma



What this study adds
	Patients with rheumatoid arthritis treated with TNF inhibitors are at a moderately increased risk of invasive melanomas, but the overall burden of cancer in this population is not increased

	A scientific need exists to further understand the role of various immunomodulatory treatments on the risk and prognosis of melanoma

	A clinical need exists to understand whether (or how) TNF inhibitors and other immunomodulatory drugs can be safely used in patients at high risk of melanoma
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