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Abstract Until recently, relatively little was known about the
background risk of malignancy in pediatric rheumatic diseases.
Worrying reports about the development of malignancies in
children treated with new biologic agents have prompted rig-
orous studies of the incidence of malignancy associated with
juvenile idiopathic arthritis (JIA). These studies reveal that JIA
is likely to be associated with an increased risk of incident
malignancy, irrespective of treatment with new biologic agents.
A preliminary study indicates that the background risk of
malignancy is also elevated in pediatric-onset systemic lupus
erythematosus. On the basis of simple observation, the back-
ground risk of malignancy among children with Sjögren syn-
drome and dermatomyositis seems much lower than the
markedly elevated risk found in adults with the same diagnoses.
Clearly, the background risk of malignancy must be considered
in any evaluation of the safety of new therapeutic agents.
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Introduction

Pediatric rheumatic diseases, the most common of which is
juvenile idiopathic arthritis (JIA) with a prevalence of between

0.07 and 4.01 per 1000 children [1], can directly result in
significant pain and other acute and chronic symptoms, as
well as long-term disability. Little is known, however, about
the adverse effects of the disease on other aspects of health,
including potential harmful effects of autoimmunity on im-
mune system function.

Among adults with rheumatoid arthritis (RA), a disease
thought to have a similar pathogenesis to JIA, there is good
evidence to support the notion that, irrespective of the use of
immunosuppressant medications, patients have an increased
risk of serious infection [2] and of some forms of malignancy
(particularly lymphoma) [3] compared with persons without
RA. A recent meta-analysis of cohort studies of adult patients
with RA reported a standardized incidence ratio (SIR) of 2.08
(95 % confidence interval (CI) 1.80–2.39) for lymphoma and
a SIR of 1.05 (95 % CI 1.01–1.09) for overall malignancy [3].
In addition to RA, other autoimmune rheumatological con-
ditions, for example Sjögren syndrome, systemic lupus eryth-
ematosus (SLE), and dermatomyositis have been associated
with an increased risk of malignancy in adults.

This increased background risk of malignancy in autoim-
mune conditions is postulated to result from inflammation,
which leads to chronic tissue damage and cellular replication.
The malignancy risk is present both systemically and locally
in the organ affected by autoimmunity [4]. Autoimmune dis-
eases and malignancy may share risk factors or common
etiology. They can have similar cytokine profiles and genetic
polymorphisms associated with them, especially those related
to apoptosis or gene repair. Patients with RA can have in-
creased DNA damage correlated with disease activity, which
can also increase the risk of malignant growth [5]. Because
appropriate immune surveillance can eliminate malignant
replication, an active immune system is important in the
monitoring and regulation of tumor growth. However,
excessive proliferation and stimulation of the immune system
because of infection, autoimmunity, or inflammation may
limit the effectiveness of the immune system in preventing
malignant transformation [4].
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Whether pediatric rheumatic diseases are similarly asso-
ciated with an increased background risk of malignancy had
not been rigorously investigated until recently. This lack of
knowledge about the background incidence of malignancy
among children with rheumatic diseases, in particular
among children with JIA, has complicated attempts to eval-
uate the safety of new therapeutic agents. More than a
decade ago, the advent of tumor necrosis factor alpha inhib-
itors (TNFi) revolutionized the treatment of JIA and other
pediatric inflammatory conditions. These biologic agents
proved to be highly effective for the treatment of JIA [1],
but enthusiasm for their use was tempered by fears of a
possible increased malignancy risk [5]. Based on a report of
48 children who developed malignancy while being treated
with TNFi [6], in 2009 the FDA placed a boxed warning
about malignancies on all TNFi [7]. Unfortunately, the FDA
did not have complete information available to them when
the analyses were performed [8, 9]: although the incidence
of malignancies (in particular lymphoma) was likely to be
higher in children being treated with TNFi than in the
general population of healthy children, there were no avail-
able estimates of the incidence of malignancy in children
with JIA who had never received TNFi therapy. Several
investigators have since attempted to determine the back-
ground incidence of malignancy among children with JIA
using various methodological approaches, data sources, and
patient populations.

Clearly, the background incident malignancy risk is a
significant concern to patients, families, physicians, and
everyone else involved in the care of children with rheumat-
ic disease. Several recent studies have begun to clarify this
issue for children with JIA, but there is still little known
about the risks associated with other pediatric rheumatic
diseases.

Malignancy in JIA

Concern for a possible increased background risk of malig-
nancy among children with JIAwas initially founded primar-
ily upon an increased risk seen in adults with RA. This
concern was heightened significantly when voluntary reports
of malignancy among children receiving TNFi therapy
revealed an increased incidence compared with the general
population, leading to a boxed warning by the FDA in 2009.
Before the boxed warning, there was only a single published
study that attempted to address the incidence of malignancy
among children with chronic arthritis.

In 2000, Thomas et al. [10] published the first study
evaluating the incidence of malignancy in pediatric patients
with inflammatory arthritis. The study used in-patient med-
ical records from Scotland, and compared observed malig-
nancy rates with those reported by the national cancer

registry. The study’s primary focus was on adult patients
with RA and osteoarthritis; however, the sample also in-
cluded a total of 896 patients (with 6,587 person-years of
follow-up) with diagnosis codes for juvenile chronic arthri-
tis. The data are from before the availability of biologic
agents; use of other treatments among the study patients is
not described. The investigators observed a total of four
malignancies; two in male patients and two in females.
The types of malignancy were not described. The standard-
ized incidence ratio (SIR) was 1.29 for males (95 % CI
0.14–4.64) and 0.83 for females (95 % CI 0.09–3.01).
Despite the point estimates of the SIRs being very close to
unity (indicating no increase in the incidence of malignan-
cy), the limited sample sizes produced 95 % confidence
intervals showing potential threefold or higher increase in
the incidence of malignancy.

Since the FDA boxed warning for TNFi, at least four
epidemiological studies of the background incidence of ma-
lignancy in JIA have been published. The first of these was a
study in 2010 by Simard et al. utilizing several Swedish
national Registers [11•]. The investigators identified children
with JIA using inpatient and outpatient records and identified
five comparator patients for each child with JIA. Follow-up
for children with JIAwas censored if they received treatment
with biologic agents. Overall, the cohorts consisted of 9,020
JIA patients (131,144 person-years) and 44,858 comparator
patients (661,758 person-years). Incident malignancies were
identified in the national cancer register. Sixty malignancies
(11 lymphoproliferative, 10 gastrointestinal, 10 cutaneous, 18
urogenital, three nervous system, three hematological, five
other sites) were identified in the biologicals-naïve JIA cohort.
In analysis including all ages, all cancers, and all calendar
years, there was no significant difference in the relative risk
(RR) of malignancy in JIA patients against the comparator
group (RR 1.1 (95%CI 0.9–1.5)). Interestingly, when the data
were stratified by calendar year of entry into the JIA cohort,
there was a significant difference in the RR; for patients
diagnosed with JIA from 1969–1986, the RR was 1.0 (95 %
CI 0.7–1.4), and from 1987–2007, it was 2.3 (95 % CI 1.2–
4.4). This increased incidence was most pronounced for lym-
phoproliferative cancers (RR 4.2 (95 % CI 1.7–10.7)). Owing
to concern about incomplete knowledge of biologic agent
use, the authors performed a sensitivity analysis by trun-
cating follow-up before introduction of biologic agents in
1999, with similar results. One of the major limitations of this
study was this inability to study medication use in a detailed
fashion. For example, it makes it impossible to ascertain
whether the introduction and subsequent widespread use of
methotrexate after 1987 contributed to the increase rate of
malignancy observed in this more recent cohort of patients.

In 2011, Bernatsky et al. published an evaluation of JIA
registries at three Canadian pediatric rheumatology centers,
revealing no increased risk of cancer [12•]. Patients were
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identified via pediatric rheumatology clinic registries, and
incident malignancy cases were identified from provincial
cancer registries. Comparator data were derived from
expected incidence of malignancy from provincial cancer
registries. Their data contained 1,834 JIA patients (22,341
patient-years), and they observed one malignancy during
follow-up. The malignancy was Hodgkin lymphoma in a
patient with a disease duration of 2.4 years, who had never
been exposed to methotrexate or TNFi. The resulting SIR
for all malignancies was 0.12 (95 % CI 0.0–0.7), and for
hematological malignancies the SIR was 0.76 (95 % CI
0.02–4.21). Patients’ individual medication use was not
determined in the study, but the authors reported that fewer
than 2 % of the JIA patients had been treated with TNFi.

In 2012, Beukelman et al. published a study of the
incidence of malignancy in JIA using national United
States Medicaid claims data [13•]. Cohorts of pediatric
patients with JIA and without JIA (but with a different
chronic medical condition, namely attention-deficit hyper-
activity disorder (ADHD)) were identified. Detailed medi-
cation exposures were determined using pharmacy claims,
and observation person-time was divided among three mu-
tually exclusive categories: never exposed to methotrexate
or TNFi; ever exposed to methotrexate but never exposed to
TNFi; and ever exposed to TNFi irrespective of methotrex-
ate use. Incident malignancies were identified in the medical
claims using an identification algorithm followed by a de-
tailed review of all identified cases to determine the likeli-
hood of true incident malignancy (possible, probable, or
highly probable). The incidence of probable or highly prob-
able malignancy observed in children without JIA corre-
sponded approximately to the rate expected in the
Surveillance, Epidemiology, and End Results (SEER) pop-
ulation based cancer registry. The JIA cohort consisted of
7,812 patients (12,614 person-years) and the ADHD cohort
had 321,821 patients (391,984 person-years). A total of
seven probable or highly probable incident malignancies
were identified in the JIA cohort (two leukemia, three brain,
and two other solid malignancies). Using the age, sex, and
race standardized malignancy rate in the ADHD cohort as an
internal comparator, the SIR for malignancies within the
entire JIA cohort was 4.4 (95 % CI 1.8–9.0), and the estimate
varied based on medication exposure. The SIR associated
with no use of methotrexate or TNFi was 6.9 (95 % CI 2.3–
16); that for ever methotrexate use without TNFi was 3.9
(95 % CI 0.4–14), and that for any TNFi use was 0 (0–9.7).

Also in 2012 Nordstrom et al. published analyses of data
from the PharMetrics Patient-Centric Database, which con-
tains medical and pharmacy claims from the United States
[14]. The investigators identified a cohort of JIA patients
that had not been exposed to TNFi or other biologic agents
(3,605 subjects and 5,974 patient-years of follow-up) and
matched non-JIA patients (37,689 subjects and 73,395

patient-years of follow-up). They identified four cases of
malignancy (two lymphoma and two solid cancer) in the JIA
cohort. The incidence of malignancy was higher in the
children with JIA than in the children without JIA (hazard
ratio (HR) 2.8 (0.98.3)). The incidence of malignancy in
children with JIA was also significantly elevated compared
with SEER incidence rates (SIR 4.0 (95 % CI 2.6–6.0)).

The salient results of each of these studies are summarized
in Table 1. The heterogeneity of study design, JIA patient
population, and choice of comparators in the studies does not
enable simple meta-analysis. Nevertheless, taken together
these epidemiological studies suggest that children diagnosed
with JIA are more likely to develop cancer than the general
population. The three recent studies, with the largest number
of children with JIA, all resulted in a two to fourfold increase
in malignancy risk. It is unclear why the Canadian study by
Bernatsky et al. alone showed no increased risk of malignancy
associated with JIA. This study utilized records maintained at
individual pediatric rheumatology centers to identify children
with JIA, whereas the other three recent studies utilized data
generated from billing records or registers to identify children
with JIA. It is uncertain whether this difference could in part
account for the discrepant results.

Among adults with RA, a correlation between higher
disease activity and increased cancer risk (irrespective of
treatment received) has been demonstrated [15]. Whether or
not a similar association is present among children with JIA
has not been reported. If such a relationship does exist, it
may be that newer biologic agents, for example TNFi, may
in fact help counter this increased background malignancy
risk via improved control of the autoimmune process.
Irrespective of this possibility, it is clear that safety evalua-
tion of new therapeutic agents for JIA must include adequate
comparator groups of children with JIAwho did not receive
the agent being studied if it is to produce interpretable
results. Adequate comparator data for these analyses would
probably be best obtained through the recently proposed
institution of a disease-wide serious adverse event registry
[16].

Malignancy in Pediatric Systemic Lupus Erythematosus

SLE has been associated with an observed increased risk of
malignancy among adults. In several adult cohort studies from
various geographical locations (Taiwan, California, and an
international cohort including Canada, United States, United
Kingdom, Iceland, Sweden, Korea) the SIR for all ma-
lignancies revealed a modest but statistically significant
elevation of approximately 1.15. The SIR for Hodgkin lym-
phoma was generally higher, in the range of a threefold
increase, and the SIR for non-Hodgkin lymphomas were
higher still [17–20].
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There have not yet been any published epidemiological
studies on the incidence of malignancy in pediatric SLE
patients. Results from a preliminary study presented by
Bernatsky et al. identified 797 children with SLE who were
treated at seven North American pediatric rheumatology
centers [21]. Regional tumor registries were then searched
for these patients with SLE. Medication usage was not taken
into account in the analyses. Overall, nine malignancies
were identified, with a resulting SIR of 4.3 (2.0–8.1). The
incidence of hematological malignancies was also increased
(SIR 6.7 (1.4–19.5)). These preliminary data suggest an
increased malignancy risk associated with pediatric-onset
SLE that may be similar to that seen in the adult population.
As with JIA, it will be important to consider the background
malignancy risk associated with pediatric-onset SLE when
evaluating the safety of medications. If the background malig-
nancy risk can be modified by improved disease control, this
should also be considered in evaluating the potential benefits
of effective therapy and the risks of inadequate disease control.

Malignancy in Pediatric Sjögren Syndrome

There is a strong association between Sjögren syndrome and
lymphoma in adults. Kassan et al. first described an associa-
tion between adults with Sjögren syndrome and lymphoma in
1978; women with Sjögren syndrome had a 44-fold increased
risk of non-Hodgkins lymphoma compared with the general
population [22]. In another more recent cohort study of adult
Sjögren syndrome patients, the SIR for all malignancies was
1.42 (95%CI 0.98–2.00) and for non-Hodgkin lymphoma the
SIR was 15.57 (95 % CI 7.77–27.85) [23].

The incidence of malignancy in pediatric Sjögren syn-
drome patients has not been published. In particular, to our
knowledge there have been no published cases of lymphoma
or other malignancy developing in a child diagnosed with
Sjögren syndrome [24]. The reasons for this are unclear, but
it may be a result of a latency period in the subsequent
development of lymphoma that delays the clinical presenta-
tion until the child has reached adulthood. Alternatively, there
may be differences in the etiology or pathogenesis of
pediatric-onset Sjögren syndrome that remove the increased

lymphoma risk. For example, the clinical manifestations of
Sjögren syndrome in children appear to be different, with less
prominent sicca symptoms and more frequent severe systemic
manifestations, for example renal tubular acidosis and Devic
disease (neuromyelitis optica) [24, 25]. Clearly, further study
is needed on the association betweenmalignancy (in particular
lymphoma) and childhood-onset Sjögren syndrome.

Malignancy in Juvenile Dermatomyositis

Malignancy associated with adult dermatomyositis has been
reported in 10–30 % of cases [26]. Adenocarcinomas are the
most common malignancy, primarily occurring in the lung,
ovaries, cervix, gastrointestinal tract, breast, and pancreas.
Indeed, the risk of underlying malignancy associated with
adult dermatomyositis is sufficient to prompt evaluation for
occult malignancy whenever dermatomyositis is diagnosed.
The current minimum recommendation is for age, sex, and
race-appropriate cancer screening tests and laboratory evalua-
tions, with additional testing directed at specific signs and
symptoms. Some propose more invasive screening for malig-
nancy, irrespective of signs and symptoms, but there is cur-
rently no consensus on this [26]. Because malignancy risk
remains high for three to five years after diagnosis, screening
is recommended at six or 12-month intervals during the first
two years [27]. In one case series from Korea comparing
outcomes of adult and pediatric myositis patients, zero of 16
pediatric patients and six of 48 (13 %) adult patients devel-
oped malignancy [28]. Proposed etiologies for this observed
association are: a common immunogenic pathogenesis be-
tween coexistent dermatomyositis and malignancy, paraneo-
plastic autoantibodies against muscle fibers, and myotoxic
secretions from tumors [28].

There have been no epidemiological studies of the inci-
dence of malignancy associated with juvenile dermatomyo-
sitis. The publication of a few single-patient case reports of
juvenile dermatomyositis-associated malignancy suggests
that there is likely to be an association, but that it is limited
to a very small proportion of patients (i.e., fewer than 1 %)
[29–31]. An evaluation for underlying malignancy is there-
fore not considered the standard of care for a typical case of

Table 1 Published rate ratios
for the incidence of malignancy
among children with JIA

JIA juvenile idiopathic arthritis;
CI confidence interval; SIR
standardized incidence ratio; RR
relative risk; HR hazard ratio

Study author and year Number of JIA patients Patient-years
of follow-up

Rate ratio (95 % CI)

Thomas, et al 2000 [10] 896 6,587 SIR 0.8 (0.09–3.0) (female)

SIR 1.3 (0.1–4.6) (male)

Simard, et al 2010 [11•] 5,296 ~25,000 RR 2.3 (1.2–4.4)

Bernatsky, et al 2011 [12•] 1,834 22,341 SIR 0.12 (0.0–0.7)

Beukelman, et al 2012 [13•] 7,812 12,614 SIR 4.4 (1.8–9.0)

Nordstrom, et al 2012 [14] 3,605 5,974 HR 2.8 (0.9–8.3)
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juvenile dermatomyositis. The reasons for this differing
association with malignancy are unclear. There are other
features of juvenile dermatomyositis, including the greatly
increased propensity to develop dystrophic calcinosis cutis
and the greater likelihood of a monocyclic course with
eventual disease resolution [32], that indicate it is probably
a distinct condition from the adult-onset disease.

Conclusions

There is probably an increased background malignancy risk
associated with JIA. Though less well studied, there is also
likely to be an increased risk associated with pediatric-onset
SLE. These findings are in general agreement with those
found in studies of adults with RA and SLE. Among adults,
it seems that disease severity and activity are involved in the
subsequent development of malignancy. If this is also true
for children, it is conceivable that improved disease control
with newer, more effective therapeutic agents may help
mitigate the increased risk of malignancy associated with
juvenile rheumatic diseases.

The increase in lymphoma risk in pediatric-onset Sjögren
syndrome seems to be lower than the marked risk increase
seen in adults with Sjögren syndrome, but this association is
based upon simple observation and has not been formally
studied. Also based on simple observation, the risk of under-
lying malignancy associated with juvenile dermatomyositis is
not as great as in the adult-onset form. These differences in the
association with malignancy do not seem to be the only differ-
ences between the childhood and adult onset forms of Sjögren
syndrome and dermatomyositis. Perhaps improved under-
standing of the pediatric-onset forms of these diseases will
help reveal the pathogenesis underlying the increased risk of
malignancy.

To date, rigorous evaluation of the risk of malignancy in
pediatric rheumatological disease has been restricted to JIA
and has not yet been performed in SLE, Sjögren syndrome,
or juvenile dermatomyositis. It is hard to assess the natural
course and outcome of pediatric rheumatic diseases from
medical records and clinic-based registries, because many
patients are transferred from pediatric to adult rheumatology
care during the course of their disease. In addition, the
incidence of malignancy is very infrequent in childhood—
of the order of one per 10,000 person-years. Coupled with
the relatively small numbers of children with SLE, Sjögren
syndrome, and dermatomyositis, the result is very few out-
comes with which to perform robust epidemiological stud-
ies. Nevertheless, large multicenter epidemiological studies
could further assess the association between chronic inflam-
mation in pediatric rheumatic disease and the development
of malignancy both in the pediatric age range and in
adulthood.
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