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Review

Pharmacologic Immunomodulation and Cutaneous
Malignancy in Rheumatoid Arthritis, Psoriasis, and
Psoriatic Arthritis
MICHAEL S. KRATHEN, ALICE B. GOTTLIEB, and PHILIP J. MEASE

ABSTRACT. Objective. It is unclear if skin cancer risk is affected by the use of immunomodulatory medications
in rheumatoid arthritis (RA), psoriasis, and psoriatic arthritis (PsA). The purpose of this study is to
evaluate and summarize the available data pertinent to this question.
Methods. The English language literature on PubMed was searched with a combination of phrases,
including “malignancy,” “skin cancer,” “squamous cell carcinoma,” “basal cell carcinoma,”
“melanoma,” “psoriasis,” “psoriatic arthritis,” and “rheumatoid arthritis” in addition to the generic
names of a variety of common immunomodulatory drugs. Relevant articles were identified and data
were extracted.
Results. In total, 2218 potentially relevant articles were identified through the search process. After
further screening, 20 articles relevant to RA were included. An additional 19 articles relevant to
either psoriasis or PsA were included as well. RA may be a risk factor for the development of cuta-
neous malignancy. Treatment with tumor necrosis factor inhibitors increases the rates of non-
melanoma skin cancer (NMSC) in RA and psoriasis. This risk doubles when combination methotrex-
ate therapy is used in RA. Methotrexate may increase the risk of malignant melanoma in patients
with RA and the risk of NMSC in psoriasis. Cyclosporine and prior phototherapy significantly
increase the risk of NMSC.
Conclusion. RAmay potentiate the risk of cutaneous malignancy and therefore dermatologic screen-
ing in this population should be considered. The use of immunomodulatory therapy in RA, psoria-
sis, and PsA may further increase the risk of cutaneous malignancy and therefore dermatologic
screening examinations are warranted in these groups. More careful recording of skin cancer devel-
opment during clinical trials and cohort studies is necessary to further delineate the risks of
immunomodulatory therapy. (J Rheumatol First Release September 1 2010; doi:10.3899/
jrheum.100041)
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The societal burden of non-melanoma skin cancer (NMSC)
and malignant melanoma (MM) is dramatic with respect to
both morbidity and cost. It has been estimated that over 1.2
million cases of NMSC were diagnosed in the US in 20071.
In a review of Medicare claims data from 1992 to 1995,
NMSC was the fifth most costly cancer despite the relative-
ly low per-patient cost of treatment2. MM also places a
heavy burden as the fifth most common malignancy in men

and the sixth most common malignancy in women in the US
in 2009, accounting for an estimated 68,720 new cases and
8,650 deaths3.

Whereas solar radiation is often cited as the major culprit
in skin carcinogenesis, one increasingly important risk fac-
tor relates to the host’s immune system. The increased risk
of both MM and NMSC for solid-organ transplant recipients
is well established4. These patients are subject to powerful
immunosuppressive regimens, often treated simultaneously
with multiple agents. Although the nature of treatment is
quite different than in transplant recipients, patients with
autoimmune and inflammatory disorders are increasingly
treated with a variety of immunomodulatory agents. If
manipulation of the host immune system can lead to a major
increase in skin cancers in transplant recipients, it is plausi-
ble, although unknown, that a less dramatic manipulation
[as in the treatment of patients with rheumatoid arthritis
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(RA), psoriasis, and psoriatic arthritis (PsA)] can lead to a
measurable and important, if small in absolute terms,
increase in skin cancer as well.

Immune-modulating drugs including, but not limited to,
methotrexate (MTX), mycophenolate mofetil, cyclosporine
(CSA), and azathioprine (AZA) have been proven beneficial
in RA, psoriasis, PsA, and Crohn’s disease5,6,7,8,9. The more
recent development of the biologics, including alefacept,
abatacept, rituximab, the tumor necrosis factor-α (TNF-α)
inhibitors, and ustekinumab, has redefined the treatment for
RA, juvenile idiopathic arthritis, Crohn’s disease, ulcerative
colitis, ankylosing spondylitis, PsA, and psoriasis.

Despite the seemingly increased use of these medica-
tions, it is unknown whether the immunomodulatory thera-
py used for many commonly treated inflammatory diseases
affects the risk of subsequent cutaneous neoplasia.
Numerous large patient registries and clinical trial data have
demonstrated the potentially causal role of immunomodula-
tory therapy in the development of skin cancer. The aim of
our study is to assess whether currently available data
demonstrate an increased risk of skin cancer in RA, psoria-
sis, and PsA during treatment with the most commonly pre-
scribed immunomodulatory agents.

MATERIALS AND METHODS
PubMed was searched using the following phrases (number of articles
obtained per search): “rheumatoid arthritis” and “squamous cell carcino-
ma” (86), “basal cell carcinoma” (18), “melanoma” (134), “malignancy and
adalimumab (32) or infliximab (63) or etanercept (64) or methotrexate (not
lymphoma) (133) or azathioprine (82) or cyclosporine (32) or prednisone
(129) or rituximab (66) or abatacept (12) or leflunomide (12)”; “psoriasis”
and “squamous cell carcinoma” (412), “basal cell carcinoma” (270),
“melanoma” (289), “malignancy and adalimumab (15) or infliximab (24)
or etanercept (40) or methotrexate (140) or cyclosporine (63) or ustek-
inumab (2) or alefacept (13) or efalizumab (17)”; “psoriatic arthritis” and
“squamous cell carcinoma” (4), “basal cell carcinoma” (4), “melanoma”
(5), and “malignancy and adalimumab (3) or infliximab (7) or etanercept
(15) or methotrexate (14) or cyclosporine (4) or ustekinumab (0) or ale-
facept (4) or efalizumab (1)”. Titles and abstracts were searched for refer-
ences pertinent to cutaneous malignancy. Titles before 1975 date and case
reports were excluded from analysis. Only English language literature was
included in study data. Data were extracted from relevant articles,
reviewed, and summarized.

The data included in this study are collected from a variety of national
cohort registries as well as clinical trial databases. Because the methods of
data collection and analysis vary among the national registry data, these
will be briefly summarized. The National Data Bank for Rheumatic
Diseases (NDB) pools data collected through patient-reported outcomes
from an open cohort of RA and osteoarthritis patients in the US10. The
patients are initially recruited from the practices of 908 US rheumatolo-
gists. If a NMSC was reported in the patient questionnaire, an outcomes
assessor contacted the patient to ensure the diagnosis was correct and
novel. Patients’ reports were not confirmed by assessment of the pathology
report. The Swedish registry data are collected from the following 3 data
sources: Swedish Inpatient Register, the Swedish Outpatient Register, and
the Swedish Early RARegister11. The inpatient register collects data (dates,
diagnoses, etc.) on any patient admitted to the hospital since 1964. The out-
patient register collects data from the majority of nongeneral practitioner
visits since 2001. Importantly, basal cell carcinoma was not reported to the
Swedish national registry during the study periods included in the articles

included in this report. The Swedish Early RA Register collects data from
the nationwide incident cases of RA starting in 1995. Starting in 1998, all
patients older than 16 years starting treatment with a TNF antagonist were
entered into the Anti-Rheumatic Therapy in Sweden (ARTIS) registry.
Physician-recorded outcomes questionnaires in addition to patient clinical
data (medications, etc.) are continuously updated in the registry. The
Australian Victorian State Cancer Registry collects data on all malignan-
cies, except for NMSC, which occur in the Australian state of Victoria12.
Registry data are collected via mandatory reporting of new malignancies
from pathology laboratories, hospital medical records departments, and the
screening of death certificates. The RA cohort in the Buchbinder study12
was assembled from 6 community-based rheumatology practices in
Melbourne, Australia. Establishment of melanoma diagnosis was made
through retrospective review of hospital records. Because the Swedish reg-
istry follows all patients older than 16 years who start anti-TNF therapy, the
quality of the data from this registry can be considered more robust than the
NDB data, for example. The latter relies on patient-reported outcomes,
which may provide less accurate data than systematic reviews of medical
charts and thoroughly developed national registry data.

RESULTS
Rheumatoid arthritis. For RA, a total of 863 articles were
evaluated for relevance. Six cohort studies, 7 metaanalyses,
and 4 controlled trials were identified for analysis (Table 1).

Of the cohort studies, 2 were from the Swedish registry
data11,13, 2 from the US National Data Bank for Rheumatic
Diseases (NDB)10,14, one from the Australian Victorian
State Cancer Registry12, and one from a nonregistry-derived
cohort from the United Kingdom15. Five of 6 cohort studies
assessed the rates of malignancy in either anti-TNF agents
or MTX, whereas the UK data assessed azathioprine’s role
in malignancy.
Baseline risk.Data in the “control” groups from the Swedish
Registry and NDB indicate that RA patients at baseline (in
particular those not treated with TNF inhibitors) may be at
an increased risk of NMSC. Since the non-TNF-treated
groups likely were receiving other therapy, these data likely
do not represent a true “baseline” risk. Nonetheless, the rate
of NMSC in the RA cohort versus a population with
osteoarthritis in the NDB was increased [hazard ratio (HR)
1.19, 95% CI 1.01–1.41], raising the possibility that RA in
and of itself may increase risk for cutaneous malignancy.
This question is difficult to sort out because of the difficul-
ty in controlling for background immunomodulatory thera-
py. Similarly, in the Swedish Registry, rates of squamous
cell carcinoma (SCC) and MM were increased comparing
the inpatient RA cohort and the general population [SCC
standardized incidence ratio (SIR) 1.66, 95% CI 1.50–1.84)]
and MM (SIR 1.19, 95% CI 1.01–1.41)10,13.
Tumor necrosis factor agents. Three cohort studies identify
an increased risk of NMSC with use of anti-TNF agents in
RA. The Swedish cohort analysis identified an increased
risk of SCC in the anti-TNF-α agent group (infliximab,
adalimumab, etanercept; SIR 3.6, 95% CI 1.8–6.5)13. The
NDB data (published 2007) demonstrate an odds ratio of 1.5
(95% CI 1.2–1.8) for NMSC in the anti-TNF agent-treated
cohort. Although the background rate of use of disease-mod-
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ifying antirheumatic drugs (DMARD) in conjunction with
anti-TNF therapy is not clearly defined in this study, the col-
lective study population’s background rate of MTX use was
56.9%. Out of the 3 agents (infliximab, etanercept, adali-
mumab), only infliximab use was shown to correlate inde-
pendently with the risk of NMSC (OR 1.7, 95% CI
1.3–2.2)14. A third cohort study (also from the NDB, pub-
lished 2005) demonstrated an increased risk of NMSC in
anti-TNF agent use as well (HR 1.24, 95% CI 0.97–1.58 and
HR 1.97, 95% CI 1.51–2.58, for MTX-free and MTX-
exposed groups, respectively)10. With respect to melanoma
and anti-TNF agent use, only the more recent 2007 NDB
cohort study shows a trend toward increased risk (OR 2.3,
95% CI 0.9–5.4)14. Notably, the Swedish registry does not
show an increased risk of melanoma with anti-TNF agent
use13.

Five metaanalyses assess the risk of NMSC in patients
with RA. In a study of 1,442 RA patients by Lebwohl, et al,
no increased risk of SCC in etanercept-treated patients was
identified after an average followup of 3.7 years16. Two
other studies identify absolute numbers of basal cell carci-
noma (BCC) or SCC or MM in patients treated with anti-
TNF agents, but the odds ratios are not calculated17,18. One
of these evaluated 3,493 patients treated with either inflix-
imab or adalimumab [identified in 9 randomized controlled
trials (RCT) of patients with RA] compared to 1,512
untreated controls. Ten of 3,493 (0.286%) but only 3 of
1,512 (0.198%) of the anti-TNF agent-treated and untreated
groups, respectively, were identified with either BCC or
SCC. In the third study, the data for 9 etanercept trials were
evaluated for risk of malignancy18. Nine of 2,244 (0.401%)
patients and 3 of 1,072 (0.280%) patients of the etanercept-
treated and untreated groups, respectively, were identified
having either BCC or SCC.

One metaanalysis pools the combined worldwide clinical
data from 36 global trials of adalimumab in RA, PsA,
Crohn’s disease, psoriasis, and juvenile idiopathic arthritis
(n = 19,041). Rates of malignancy are compared to 3 control
populations (National Cancer Institute, Arizona Registry,
and Minnesota Registry) — all vary somewhat in baseline
risk of developing NMSC (likely due to variable sun expo-
sure levels and historical skin cancer trends)19. For RA, the
SIR for BCC (1.24, 95% CI 1.01–1.51) and SCC (1.97, 95%
CI 1.34–2.80) are elevated with respect to the National
Cancer Institute data. Nonetheless, the elevated risk does
not persist when rates are compared to either the Arizona or
Minnesota registry data.

A metaanalysis of the combined safety data from 49
global trials of etanercept in RA, juvenile idiopathic arthri-
tis, psoriasis, PsA, and ankylosing spondylitis has recently
been completed20. At least 13,977 subjects treated with etan-
ercept were included in the study. In contrast to the data
above, this analysis depicts a rate ratio of only 1.05 (95% CI
0.31–4.50) for NMSC in RA.

An open-label study of etanercept for RA (n = 549) notes
discovery of 2 BCC but no SCC or MM during the study21.
Methotrexate. Two cohort studies address the risk of cuta-
neous malignancy with use of MTX in RA. The Australian
registry study (which does not collect data on NMSC) iden-
tified an SIR of 3.0 (95% CI 1.2–6.2) for MM in a cohort of
RA patients12. Despite the reported 2-fold increase in the
risk of NMSC in the anti-TNF agent plus MTX group seen
in the NDB study, MTX administered on its own does not
seem to elevate the risk for NMSC (OR 1.15, 95% CI
0.81–1.64)10.
Abatacept. The ARRIVE trial, which evaluated the use of
abatacept, a T cell modulator, in RA, excluded NMSC from
safety analysis22. In the ATTAIN trial (n = 317), another
study evaluating longterm efficacy and safety of abatacept
in RA, 3 BCC, 2 SCC, and no MM were identified during
the 2-year study period23. BCC and SCC were identified as
the most common solid malignancies in a year-long double-
blind, placebo-controlled RCT evaluating the efficacy and
safety of abatacept in RA; specific data regarding rates of
NMSC in treated patients versus controls were unfortunate-
ly not presented24. Ametaanalysis (n = 4,134) addressed the
safety of abatacept in patients with RA pooled from the clin-
ical trial database25. Unfortunately, NMSC data were not
included in the database and rates of melanoma were not
specifically characterized. The study notes that there was no
pooling of risk for any given malignancy category (when
excluding NMSC).
Azathioprine. The risk of NMSC in patients treated with
either AZA or cyclophosphamide was evaluated in a mixed
cohort of patients with a variety of nontransplant indications
(RA, lupus, inflammatory bowel disease, undefined cuta-
neous disease, etc.)15. The data from this study are unreli-
able in that the control population is undefined. Further, the
statistical analysis is limited given the low number of inci-
dent malignancies (2 SCC and 2 BCC in the AZA-treated
group) and the heterogeneous treatment group.
Rituximab. The pooled clinical trial safety database (n =
2,578) from 9 trials involving the use of rituximab in RAdid
not include rates of NMSC26. No case of melanoma was
specifically mentioned in the study. Malignancies were
reported not to cluster around any specific type.
Psoriasis and psoriatic arthritis. A total of 1,294 and 61
articles were identified as relevant to psoriasis and PsA,
respectively. Eleven cohort studies, 2 metaanalyses, and 9
studies summarizing clinical trial safety data were included
in the analysis (Table 2). No study specifically addressed the
risk of cutaneous malignancy in PsA.
Baseline risk. As with the RA literature, several studies
attempt to define the baseline risk of NMSC and MM in pso-
riasis and PsA. A single survey study from Saskatchewan,
Canada, addresses the risk of BCC in psoriasis. No differ-
ence in the prevalence of psoriasis was noted between the
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cases and controls27. A case-control study from Western
Canada from the 1980s showed no association between pso-
riasis and MM28. Ultraviolet light [likely psoralen ultravio-
let A (PUVA) at the time] was controlled for; however, the
number of exposed individuals in both cases and controls
was quite low. On the other hand, a Danish cohort study of
6,910 psoriatic patients identified an SIR of 3.86–4.7 for
SCC and 2.16–2.33 for BCC29. The rates of melanoma were
similar in psoriasis patients and the general population. Prior
PUVA exposure was not accounted for in the latter, which
may explain the discrepancy in NMSC risk between these
studies.
Tumor necrosis factor agents. Four studies examined the
role of anti-TNF agents in the development of cutaneous
malignancy in psoriasis. Analyzing the combined data from
36 global trials of adalimumab, the SIR for SCC was 3.84
(95% CI 1.54–7.92)19. Similar to the RA data, the elevated
risk of SCC was only significant when the National Cancer
Institute dataset, but neither the Arizona nor Minnesota
datasets, was used as the control population. A trend for
increased risk of NMSC in psoriasis patients was noted dur-
ing the analysis of 49 global trials (n = 13,977) of etanercept
in RA, juvenile idiopathic arthritis, psoriasis, PsA, and
ankylosing spondylitis (rate ratio 2.77, 95% CI
0.59–25.97)20. This elevated risk of NMSC is seen when the
rate of NMSC in etanercept-treated psoriatic patients is
compared to 2 general population cohorts representing 2 dif-
ferent sun-exposure climates, Arizona and Minnesota. Nine
BCC and one SCC were identified during an RCT investi-
gating continuous versus intermittent dosing in infliximab30.
All of these subjects had been exposed to either PUVA or
narrow-band ultraviolet B (nbUVB). No malignancies were
identified in the placebo group. One retrospective study of
77 psoriatic patients treated with etanercept (most complet-
ed 6 months of treatment, a small number were treated up to
2 years) did not identify any new malignancies31. Mean fol-
lowup was not reported in this study.
Cyclosporine. Several studies assess the risk of NMSC and
MM in psoriatic patients treated with cyclosporine. The
level of phototherapy exposure ranges from as low as half to
100% of patients in each of 4 cohort studies. Two cohort
studies identify an increased rate of SCC in cyclosporine-
treated patients. The largest study is a multicenter observa-
tional prospective 5-year cohort study of 1252 patients32.
While the rates of BCC and MM were not elevated, the SIR
for SCC was 24.6. When low exposure (< 2 years) versus
high exposure (> 2 years) groups were compared, the risk of
NMSC was 3.3 times greater in the latter group even after
controlling for PUVA, MTX, and other immunomodulatory
exposures. The other positive study is a nested cohort study
from the larger PUVA followup dataset33. In contrast, one
retrospective cohort study shows no increased risk of either
NMSC or MM with cyclosporine use in psoriatic patients34.

Nonetheless, a relatively small number of psoriatic patients
were included in this current study (the mixed dataset
included patients with psoriasis, atopic dermatitis, palmo-
plantar pustulosis, and hand eczema), thus limiting the
study’s power.
Methotrexate. Four cohort studies assessed the risk of cuta-
neous malignancy in psoriatic patients treated with MTX.
The only study that links MTX use in psoriasis to cutaneous
malignancy is from the Photochemotherapy Follow-up
Study35. Assessment of 1,380 patients treated with an aver-
age MTX exposure > 4 years and followup of 13.2 years
demonstrated a relative risk of 2.0 (95% CI 1.4–2.8) for
SCC, after controlling for prior PUVA therapy. This result is
particularly intriguing because the prior analysis of this
study population showed no correlation between MTX use
in psoriasis when patients were followed up after only 1 to
3 years36.
Alefacept. The risk of cutaneous malignancy with alefacept
in psoriasis is addressed in 2 studies. The first simply char-
acterizes the number of cutaneous malignancies noted dur-
ing an open-label trial37; a total of 8 cases of NMSC were
noted in 449 subjects. Without a control group, however,
this information is difficult to interpret. A second study
reviews the combined clinical trial data of 13 studies in the
alefacept clinical trial program38. Examining the malignan-
cies in 1,869 subjects exposed to alefacept, the authors note
that 63% of all malignancies discovered (total number not
provided) were either SCC or BCC. Unfortunately, further
details characterizing these malignancies were not provided.
Again, how this compares to the expected number is diffi-
cult to determine.
Ustekinumab. No studies directly evaluated the risk of cuta-
neous malignancy during ustekinumab therapy. Three place-
bo-controlled randomized clinical trials identified only one
BCC in 2,048 subjects with 52- to 76-week followup39,40,41.
However, in a recent trial (n = 903) of ustekinumab versus
etanercept in moderate to severe psoriasis, the following
numbers of patients with NMSC were identified after 64-
week followup: 6 BCC, one SCC, 2 BCC and SCC42. No
patients in the etanercept-only treatment group were
described. No case of MM was identified in any of the treat-
ment subgroups.

DISCUSSION
Baseline risk for cutaneous malignancy appears to be
increased in patients with RA. Determining whether patients
receiving immunomodulatory therapy for RA, psoriasis, and
PsA are at further increased risk for cutaneous malignancy
with the data currently available is challenging. The number
and quality of available data are limited for most of the
immunomodulatory agents. In comparison to some of the
older, established medications, the data are more plentiful
for the biologics. Further, the RA data are more robust than
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the psoriasis and PsA data. This is not surprising, given the
relatively higher number of RA patients treated with sys-
temic immunomodulatory agents compared to psoriasis and
PsA. Despite the relative dearth of data in psoriasis and PsA,
generalizing the RA data to either of these patient popula-
tions should be done with caution.

The most robust data presented in this review demon-
strate that TNF inhibitors are likely to increase the risk of
NMSC. Two separate cohorts (from the Swedish registry
and the National Data Bank for Rheumatic Diseases) show
1.2-fold to 6.5-fold increase in NMSC in anti-TNF-treated
patients with RA. Another important feature of the 2005
NDB study is the almost 2-fold increase in NMSC in TNF-
treated RA patients treated with MTX. Although the ran-
domized clinical trial data do not support these associations,
this is likely because the length of followup during the clin-
ical trials is quite limited in comparison to the cohort analy-
ses. The exception to this short followup is the etanercept in
RA study by Lebwohl, et al, in which the mean drug expo-
sure was 3.7 years16. SCC may have been underreported
during the postmarketing surveillance of etanercept, thus
underestimating the risk of NMSC.

A trend for an increase in MM in TNF-treated RA
patients was noted in both the Swedish registry and the
NDB. Despite the lack of statistical significance, such trends
raise a cautionary flag and should be evaluated further with
longterm prospective studies. The increase noted in MTX
monotherapy in RA patients seen in the Australian registry
is concerning. Although this is only one study characterizing
increased risk, clinicians may find it most prudent and cau-
tious to ensure regular skin screening examinations for these
patients.

In contrast to RA, there are no well established psoriasis
cohorts that can provide adequate length of followup data to
assess the risk of cutaneous malignancy during immuno-
modulatory therapy. Prospective cohorts established in con-
junction with postmarketing surveillance could help clarify
these risks, especially with respect to the introduction of
new medications on the market. Such cohorts, properly
designed, could help reduce the phototherapy bias found in
the current psoriasis data.

The noted increase in SCC with cyclosporine in
PUVA-treated psoriatic patients is not surprising. Caution is
advised in treating patients with any history of PUVA thera-
py with cyclosporine.

There are a number of limitations in these studies. The
difficulty in assessing risk of NMSC for newer medica-
tions is mostly due to lack of data collection and exclusion
of NMSC data from study registries. Exclusion of these
data is unfortunate and does not allow more thorough safe-
ty analysis of these medications. Because only the studies
discovered during the search algorithm were included in
analysis, it is possible that the data for one or more rele-
vant studies are not presented. Inclusion of studies not

identified during the search algorithm may have led to
biased data collection.

Given the relative ease of skin examination and knowl-
edge that early detection is the best treatment for cuta-
neous melanoma, our recommendations are relatively
conservative. We propose that patients receiving MTX
monotherapy or TNF inhibition (particularly with combi-
nation MTX) should undergo regular skin examination by
a dermatologist. Further, any patient (in particular those
with psoriasis or psoriatic arthritis) with a history of
PUVA exposure undergoing therapy with any of the
immunomodulatory agents mentioned (especially
cyclosporine) should also undergo regular skin examina-
tion. Clinical judgment may also determine that all
patients with RA should undergo regular screening given
the possible increased risk of NSMC. Lastly, as the exist-
ing data are so sparse for many immunomodulators
(MTX, rituximab, ustekinumab, azathioprine, abatacept,
alefacept), it may be prudent for some of these patients to
undergo regular skin examination as well. It is important
to remember that the absence of data does not indicate a
lack of association; conservative management, particular-
ly in those with a prominent history of sun exposure, may
be in the patient’s best interest.
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