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Biologic Treatment of Rheumatoid Arthritis and the
Risk of Malignancy

Analyses From a Large US Observational Study

Frederick Wolfe1 and Kaleb Michaud2

Objective. Induction of malignancy is a major
concern when rheumatoid arthritis (RA) is treated with
biologic therapy. A meta-analysis of RA biologic clinical
trials found a general increased risk of malignancy, but
this risk was not found in a large observational study.
We undertook this study to assess the risk of malig-
nancy among biologic-treated patients in a large US
observational database.

Methods. We studied incident cases of cancer
among 13,001 patients during �49,000 patient-years of
observation in the years 1998–2005. Cancer rates were
compared with population rates using the US National
Cancer Institute SEER (Surveillance, Epidemiology,
and End-Results) database. Assessment of the risk of
biologic therapy utilized conditional logistic regression
to calculate odds ratios (ORs) as estimates of the
relative risk, further adjusted for 6 confounders: age,
sex, education level, smoking history, RA severity, and
prednisone use.

Results. Biologic exposure was 49%. There were
623 incident cases of nonmelanotic skin cancer and 537
other cancers. The standardized incidence ratios and
95% confidence intervals (95% CIs) compared with
SEER data were as follows: all cancers 1.0 (1.0–1.1),
breast 0.8 (0.6–0.9), colon 0.5 (0.4–0.6), lung 1.2 (1.0–

1.4), lymphoma 1.7 (1.3–2.2). Biologics were associated
with an increased risk of nonmelanotic skin cancer (OR
1.5, 95% CI 1.2–1.8) and melanoma (OR 2.3, 95% CI
0.9–5.4). No other malignancy was associated with bio-
logic use; the OR (overall risk) of any cancer was 1.0
(95% CI 0.8–1.2).

Conclusion. Biologic therapy is associated with
increased risk for skin cancers, but not for solid tumors
or lymphoproliferative malignancies. These associations
were consistent across different biologic therapies.

The association of rheumatoid arthritis (RA) and
cancer is an issue of continuing interest, made more
important by possible causal links between RA and
cancer as well as between RA treatment and cancer.
Epidemiologic studies have generally demonstrated that
hematopoietic, lung, and skin cancers are increased in
RA, while breast and colon cancers are decreased, and
that there is a very slight overall increase in all cancers
(1–4). In addition, evidence has accumulated that RA
disease activity is associated with the risk of lymphoma
(5–8).

Immunosuppression increases cancer rates gen-
erally, as evidenced by data from renal transplantation
(9–12). In RA, treatment with cyclophosphamide is
associated with increased risk of malignancy (13). Evi-
dence is equivocal with respect to azathioprine (14,15).
Methotrexate has been linked to malignancy as well
(16–18), and discontinuation of methotrexate has been
followed by disappearance of lymphoma in some pa-
tients (“reversible lymphoma”) (17,19). However, no
epidemiologic studies have found an increase in lym-
phoma in methotrexate-treated patients beyond what is
expected in RA (20).

Although its mechanism of action is substantially
different from that of the immunosuppressive drugs
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noted above, biologic therapy results in profound immu-
nomodulation, and there are long-term concerns regard-
ing the risk of cancer following treatment with biologic
therapies. These concerns were underscored by a recent
meta-analysis of the risk of malignancy in patients
treated with infliximab or adalimumab in randomized
controlled trials (21). That study found that the pooled
odds ratio (OR) for malignancy in biologic- versus
non–biologic-treated patients in randomized controlled
trials was 3.3 (95% confidence interval [95% CI] 1.2–
9.1). A followup report indicated an OR of 2.02 (95% CI
0.95–4.29) when additional trial data were added (22).

Observational studies have addressed the risk of
malignancy in persons treated with biologics. Askling et
al used the Swedish inpatient registry cited above (2,3)
to compare 4,160 tumor necrosis factor (TNF)
antagonist–treated patients with 53,067 patients in the
inpatient registry. They found that cancer risks in
treated patients were “largely similar to those of other
patients with RA” and that “the pattern of patients
treated with TNF antagonists mirrors those of other
contemporary as well as historic RA cohorts” (2).

Geborek et al (23) studied 757 patients treated
with etanercept or infliximab between February 1999
and December 2002, along with 800 patients who re-
ceived conventional antirheumatic treatment, as a com-
parison cohort. Although they found no increase in solid
tumors in anti-TNF– versus non–anti-TNF–treated pa-
tients, the investigators identified 5 lymphomas among
757 anti-TNF–treated RA patients (1,603 person-years).
Compared with a non–anti-TNF–treated cohort, the
relative risk of lymphoma in anti-TNF–treated patients
was 4.9 (95% CI 0.9–26.2). In an accompanying edito-
rial, Franklin et al (24) considered methodologic prob-
lems with this report, including the possibility of con-
founding by indication, latency, and a low rate of
lymphoma in the control population.

In the present report, we first describe the rates
and risks of malignancy in RA, and then we try to
resolve the issues raised by the meta-analysis. In contrast
to the 2 observational studies cited above, we investi-
gated the risk of malignancy conferred by biologic
therapy in a large time-matched contemporary cohort of
13,001 patients with RA, 49% of whom were exposed to
biologic therapy.

PATIENTS AND METHODS

Participants were members of the US National Data
Bank for Rheumatic Diseases (NDB) longitudinal study of RA
outcomes who completed semiannual questionnaires in the

period 1998 through 2005. NDB participants are recruited on
an ongoing basis from the practices of US rheumatologists and
are followed up prospectively with semiannual, detailed, 28-
page questionnaires, as previously described (25–29). The
diagnosis of RA was made by the patients’ rheumatologists.

At each semiannual questionnaire assessment, we re-
corded demographic, disease severity, treatment, and malig-
nancy variables. Patients reported functional status using the
Health Assessment Questionnaire (HAQ) (30,31). We deter-
mined pain, global severity, and fatigue by visual analog scales
(VAS) (32). The VAS measure 21 points from 0 to 10 at
0.5-unit intervals. To assess RA activity, we computed the
Patient Activity Scale by multiplying the HAQ score by 3.33
and then dividing the sum of the VAS pain and global scores
and rescaled HAQ score by 3. This yields a 0–10 scale with
good psychometric properties (33).

At enrollment, participants reported all previous RA
medication use. Thereafter, they reported all medication use
and timing of use in the previous 6 months. Participants were
categorized as having been treated with a biologic agent if they
had ever used infliximab, etanercept, adalimumab, or anak-
inra. For analysis of malignancy risk, only biologic agents used
prior to identification of the malignancy were counted as
biologic treatments. Approximately 58% of participants who
had received infliximab were enrolled in the NDB as part of an
infliximab safety registry.

Case identification. The determination of malignancy
was based on a formal, written protocol and standardized
assessment questionnaires. Patients are contacted by specially
trained interviewers whose work is periodically reviewed ac-
cording to written quality control procedures. In the first step
of cancer determination we obtain a report of malignancy, and
in the second step we validate the report. Initial reports almost
always come from the patient, except in cases when the patient
is too ill, and in such instances the initial report may come from
a family member or friend.

The question on the NDB semiannual questionnaire
that addresses malignancy is as follows (using 2006 as an
example date): “Between July 1, 2006 and December 31, 2006
were you told that you had any kind of cancer or malignancy?
Yes No. (Please list ALL of the types of cancer diagnosed
between July and December on the lines below. For example:
leukemia, lymphoma, lung, skin, breast, etc.).”

Following the initial patient report, the NDB conducts
a detailed telephone interview with each patient (using a
standardized form) and immediately thereafter sends for hos-
pital or medical records. If we cannot contact the patient by
telephone, we mail a detailed cancer form for him/her to
complete. The interview/form requests specific information
about cancer type, dates of cancer diagnosis, type of and
response to treatment, reoccurrence, other cancers, and name
and address of oncologist. Hospital records are requested for
all hospitalizations, and physicians are contacted as necessary.

To determine preexisting malignancy, we make use of
the above information. In addition, at enrollment into the
NDB, all patients are asked the following question from the
NDB enrollment questionnaire: “Have you ever been told that
you had any kind of cancer or malignancy? If yes, please list all
of the types of cancer that you have ever had, and the year each
was diagnosed. For example: leukemia, lymphoma, lung, skin,
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breast, etc.” Incomplete answers are followed up with a
telephone contact.

We also searched the National Death Index (34)
annually from 1998 through 2004 and also received reports of
deaths from family and friends. Cancers identified in death
records within 6 months of final patient participation were
accepted as cases. In cases of nonmelanotic skin cancers where
there was no hospitalization record and medical confirmation
was difficult, patient self-report was accepted after a detailed
patient interview.

Exclusions. Analysis of NDB data indicate that there is
an �50% reduction in cancers reported in the patients’ first
phase (6-month period) in the NDB. Therefore, for the
purposes of this study we excluded the initial questionnaire
from analysis, because patients with recently diagnosed cancers
were less likely to enroll in the NDB. In effect, this required
every patient to have 1 cancer-free phase before study partic-
ipation and at least 2 observations (phases of participation).
For each specific cancer, we excluded patients with that
preexisting cancer from the specific analysis of that cancer. To
control for the potential bias associated with delayed discovery
of cancer by the NDB (35), we excluded data from the most
recent 6-month assessment period, the second half of 2005.

Statistical analysis. To determine whether the use of
biologic therapies influenced the risk of cancer, we used
conditional logistic regression and a series of baseline covari-
ates. Because patients entered and left the study at different
times and had potential differences in severity according to
time, and because treatments became available at different
calendar times, we used entry phase and exit phase as a
conditioning variable and performed conditional logistic re-
gression to calculate ORs as estimates of the relative risk of
various cancers (incidence density ratios). Phases represent
consecutive 6-month assessment periods beginning in 1998.
Patients may enter the study in any 6-month period (except the
last) and exit in any 6-month period (except the first). In these
analyses, 140 unique phase-based entry/exit groups were iden-
tified and used as the conditioning variable. ORs are reported
with 95% CIs. P values less than or equal to 0.05 were
considered significant.

Conditional logistic regression excludes patients in
strata where all subjects have no cancer or all subjects have
cancer. Therefore, the number of subjects in these analyses is
less than the total number of subjects used to calculate
incidence rate densities. In Table 1, we report on the total
number of subjects analyzed by conditional logistic regression
of all cancers (n � 13,001), which is less than the total number
of participants analyzed in the calculation of incidence rate
densities (n � 13,869) (Table 2). In addition, the number of
subjects analyzed must vary, of necessity, among the different
cancers analyzed (Tables 3 and 4).

In addition to entry and exit phase as conditioning
variables, we included 6 factors as an a priori set of confound-
ers in all models. The included factors were age, sex, education
level, smoking history, Patient Activity Scale, and prednisone
use at initial assessment. Patient Activity Scale and prednisone
use are measures of RA activity/severity. The other variables
are known to be associated with risk of cancer.

For each cancer, we then tested whether any biologic
use (ever received biologic therapy) (Table 3) and/or specific
biologic agents (Table 4) were/was associated with subsequent

cancer. In addition, for each biologic variable, we created a
4-level categorical variable based on quartiles of treatment
exposure time to test whether duration of therapy was associ-
ated with cancer risk. The 4 categories of time quartiles were
0 years, �0 years to 2 years, �2 years to 4 years, and �4 years.
To summarize these data in an intelligible way rather than
presenting the effect of duration in the 4 time periods for every
cancer, we used the summary trend test (P value for trend)
(Table 3). In analyses of specific biologic drugs, all biologic
therapies were entered into the model simultaneously. Individ-
ual analyses for adalimumab and anakinra were not reported
separately, because the number of patients receiving these
therapies was insufficient for meaningful analyses.

To determine expected rates of specific cancers, we
used the US SEER (Surveillance, Epidemiology, and End-
Results) database as a comparison population (36). The SEER
Program of the National Cancer Institute is an authoritative
source of information on cancer incidence and survival in the
US. The SEER Program currently collects and publishes
cancer incidence and survival data from population-based
cancer registries covering �26% of the US population. We
used age and sex categories from the SEER database to
determine the standardized incidence ratio (SIR) for each
cancer studied in the RA sample compared with the US
population. Estimates where there are fewer than 20 cases are
unstable, and inference from such cases is problematic regard-
less of statistical significance.

Table 1. Demographic and clinical characteristics of the study par-
ticipants (n � 13,001) at first observation*

Age, mean � SD (median) years 58.5 � 13.1 (58.8)
Male, % 22.0
Years of education, %

0–8 2.8
�8–11 8.4
12 37.8
13–15 25.8
�16 25.5

Ethnic origin, %
White, not of Hispanic origin 92.5
Black, not of Hispanic origin 3.9
Asian or Pacific Islander 1.0
American Indian or Alaskan Native 0.8
Hispanic 1.9

Ever smoked, % 56.4
Disease duration, mean � SD

(median) years
16.7 � 12.7 (14.5)

HAQ score, 0–3, mean � SD (median) 1.1 � 0.7 (1.1)
First Patient Activity Scale score, 0–10,

mean � SD (median)
3.7 � 2.2 (3.6)

Treatment, %
Prednisone 45.6
MTX 56.9
Leflunomide 18.7
Sulfasalazine 9.4
HCQ 25.2
Infliximab 19.9
Etanercept 7.6
Adalimumab 0.4
Anakinra 0.3

* HAQ � Health Assessment Questionnaire; MTX � methotrexate;
HCQ � hydroxychloroquine.
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We conducted a number of sensitivity analyses with
respect to the association of biologics with malignancy. In these
analyses we eliminated cancer cases discovered only in death
records, allowed all data in 2005 to be used, changed the
conditional logistic regression grouping variable from phase of
entry/exit to year of entry/exit, and allowed patients with fewer
than 2 phases to be analyzed. The results of these analyses
were not essentially different from those of the study analyses
described below and are therefore not reported.

RESULTS

Of the 13,869 RA patients studied for all cancers,
868 were excluded by the conditional logistic regression
requirements. The characteristics of the 13,001 remain-
ing patients are shown in Table 1. At the time of entry to
the study, the mean � SD age of participants was 58.5 �
13.1 years. Men constituted 22.0% of the sample, non-
Hispanic whites 92.5%, and college graduates 25.5%.
More than half of the patients had a history of smoking
(56.4%), and almost half were receiving prednisone

(45.6%). The number and percent of patients using
biologic therapy during the study were as follows: any
therapy 5,257 (40.7%), infliximab 4,277 (33.1%), etan-
ercept 3,011 (23.3%), adalimumab 763 (5.9%), and
anakinra 319 (2.5%). The mean duration (range) in
years of each treatment was as follows: any therapy 3.0
(0.5–7.8), infliximab 2.9 (0.5–7.8), etanercept 2.7 (0.5–
7.7), adalimumab 1.2 (0.5–7.7), and anakinra 1.6 (0.5–
3.9).

The rate of malignancy in RA. As shown in Table
2, there was no increase in the overall rate of cancer in
participating RA patients compared with SEER data
(SIR 1.0, 95% CI 1.0–1.1). A number of malignancies
were more common in the RA patient sample than in
the SEER database, including lymphoma (SIR 1.7, 95%
CI 1.3–2.2) and melanoma (SIR 1.7, 95% CI 1.3–2.3).
The lower limit of the 95% CI crossed 1 for lung cancer,
resulting in an SIR of 1.2 (95% CI 1.0–1.4). Rates were
reduced for breast cancer (SIR 0.8, 95% CI 0.6–0.9) and

Table 2. Rates of malignancy among 13,869 study participants with rheumatoid arthritis*

Cancer Cases
Exposure,

patient-years
Crude rate per 100,000
patient-years (95% CI)

SIR
(95% CI)†

All† 543 41,912 1,295.6 (1,188.9–1,409.3) 1.0 (1.0–1.1)
Bladder 20 49,021 40.8 (24.9–63.0) 0.8 (0.5–1.0)
Bone 3 49,145 6.1 (1.3–17.8) 5.7 (2.1–14.6)
Brain 1 49,166 2.0 (0.1–11.1) 0.2 (0.0–0.9)
Breast 102 47,848 213.2 (173.8–258.8) 0.8 (0.6–0.9)
Cervix 4 48,582 8.2 (3.1–21.9) 0.8 (0.4–1.9)
Colon 37 48,870 75.7 (53.3–104.4) 0.5 (0.4–0.6)
Endocrine 1 49,156 2.0 (0.1–11.3) 0.1 (0.02–0.6)
Esophagus 10 49,167 20.3 (9.8–37.4) 1.8 (1.1–3.1)
Gall bladder 1 49,170 2.0 (0.1–11.1) 2.0 (0.3–14.4)
Head and neck 5 49,171 10.2 (3.3–23.7) 0.3 (0.2–0.7)
Hodgkin’s 4 49,116 8.1 (2.2–20.8) 3.0 (1.3–6.8)
Kidney 7 49,101 14.3 (5.7–29.4) 0.5 (0.2–0.9)
Leukemia 24 49,118 48.9 (31.3–72.7) 1.7 (1.2–2.4)
Liver 6 49,155 12.2 (4.5–26.6) 0.9 (0.5–1.8)
Lymphoma 45 49,085 91.7 (66.9–122.7) 1.7 (1.3–2.2)
Lung 112 49,037 228.8 (188.1–274.8) 1.2 (1.0–1.4)
Melanoma 32 48,795 65.6 (44.9–92.6) 1.7 (1.3–2.3)
Non-Hodgkin’s 42 49,103 85.5 (61.6–115.6) 1.7 (1.3–2.2)
Ovary 7 48,948 14.3 (5.7–29.5) 0.5 (0.3–0.9)
Pancreas 12 49,175 24.4 (12.6–42.6) 0.7 (0.4–1.1)
Prostate 56 48,732 114.9 (86.8–149.2) 0.8 (0.6–1.0)
Skin‡ 624 46,494 1,342.1 (1,238.8–1,451.7) NA
Soft tissue 4 49,171 8.1 (3.0–21.6) 1.4 (0.6–3.2)
Solid§ 473 41,763 1,132.6 (1,035.0–1,239.4) 1.0 (0.9–1.0)
Stomach 4 49,147 8.1 (2.2–20.8) 0.4 (0.2–0.9)
Testicular 1 49,172 2.0 (0.1–11.3) 2.0 (0.3–14.4)
Uterus 7 48,520 14.4 (5.8–29.7) 0.3 (0.1–0.4)
Vagina 2 49,169 4.1 (0.5–14.7) 2.7 (0.8–8.6)

* 95% CI � 95% confidence interval; SIR � standardized incidence ratio; NA � not available.
† Excludes nonmelanoma skin malignancies.
‡ Excludes melanoma.
§ Excludes lymphoma, leukemia, myeloma, and nonmelanoma skin malignancies.
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colon cancer (SIR 0.5, 95% CI 0.4–0.6). The upper limit
of the 95% CI crossed 1 for bladder cancer (SIR 0.8,
95% CI 0.5–1.0).

The association of biologic therapy and malig-
nancy. In Table 3 the maximum number of patients
analyzed was 13,584, and 6,597 of these patients received
treatment with biologics. The numbers were slightly
smaller when patients with preexisting skin cancer were
excluded. In that instance, of 12,916 patients studied,
6,282 had received biologics. When all biologic therapies
were considered as a group, the risk of nonmelanotic
skin cancer (OR 1.5 [95% CI 1.2–1.8]) and possibly of
melanoma (OR 2.3 [95% CI 0.9–5.4], P � 0.070) was
increased in patients who received biologics (Table 3).
However, no other malignancy was significantly associ-
ated with biologic use, and the OR for all cancers overall
was 1.0 (95% CI 0.8–1.2). The addition of duration of

therapy to the model (the next-to-last column in Table
3) did not strengthen positive associations with biologic
therapy.

Table 4 extends the analyses to individual bio-
logics. Infliximab (OR 2.6 [95% CI 1.0–6.7], P � 0.056)
and etanercept (OR 2.4 [95% CI 1.0–5.8], P � 0.054)
were associated with melanoma. Infliximab (OR 1.7
[95% CI 1.3–2.2], P � 0.001) and etanercept (OR 1.2
[95% CI 1.0–1.5], P � 0.081) were also associated with
non-melanotic skin cancer. No association was noted
with any other malignancy.

DISCUSSION

The main finding of this study is the positive
association between biologic therapy and skin cancers
and the nonassociation of biologic therapy with all other

Table 3. Association of biologic therapy and subsequent malignancy*

Cancer Cases
Subjects
analyzed

OR
(95% CI)† P

P for
trend‡

Users of
biologics

All§ 537 12,916 1.0 (0.8–1.2) 0.858 0.678 6,282
Bladder 20 4,687 0.5 (0.1–1.5) 0.197 0.768 1,862
Bone 3 376 0.0 (0– ) 0.999 0.999 102
Brain 1 111 ¶ ¶ ¶ 44
Breast 102 10,541 0.9 (0.5–1.3) 0.560 0.539 5,196
Colon 37 3,795 0.8 (0.3–1.7) 0.506 0.345 2,503
Endocrine 1 154 ¶ ¶ ¶ 66
Esophagus 10 2,374 0.9 (0.2–5.0) 0.907 0.801 1,302
Gall bladder 1 1,099 ¶ ¶ ¶ 555
Head and neck 5 926 0.7 (0.1–5.5) 0.757 0.801 378
Hodgkin’s 4 696 �1,000 (0– ) 0.999 0.038 264
Kidney 7 2,221 1.8 (0.3–9.4) 0.507 0.399 807
Leukemia 24 3,348 1.2 (0.5–3.1) 0.704 0.696 1,367
Liver 6 1,762 0.2 (0.0–2.9) 0.256 0.547 675
Lung 112 8,627 1.1 (0.7–1.8) 0.630 0.737 3,610
Lymphoma 45 5,901 1.0 (0.5–2.0) 0.967 0.462 2,221
Melanoma 32 3,260 2.3 (0.9–5.4) 0.070 0.256 1,394
Non-Hodgkin’s 42 5,589 0.7 (0.3–1.5) 0.335 0.183 2,080
Ovary 7 1,416 3.6 (0.6–21.1) 0.153 0.076 587
Pancreas 12 1,857 0.5 (0.1–2.6) 0.440 0.930 481
Prostate 56 7,511 0.9 (0.4–1.9) 0.734 0.189 2,884
Skin# 623 13,584 1.5 (1.2–1.8) �0.001 0.075 6,597
Soft tissue 4 806 0.3 (0.0–4.8) 0.378 0.998 205
Solid** 467 12,839 1.0 (0.8–1.2) 0.867 0.851 6,238
Stomach 4 806 0.8 (0.1–9.3) 0.891 0.675 1,018
Testicular 1 358 0.0 (0.0– ) 0.999 0.999 63
Uterus 7 742 0.0 (0.0– ) 0.998 0.993 250
Vagina 2 960 0.6 (0.0–10.3) 0.735 0.470 706

* OR � odds ratio; 95% CI � 95% confidence interval.
† Adjusted for age, sex, education, smoking history, baseline Patient Activity Scale score, and baseline
prednisone use.
‡ “Ever received biologic therapy” was replaced by quartiles of biologic time exposure. Mean values are
0, 1.2, 3.0, and 4.7 years.
§ Excludes nonmelanoma skin malignancies.
¶ Indicates nonconvergence of the statistical algorithm due to an insufficient number of cases.
# Excludes melanoma.
** Excludes lymphoma, leukemia, myeloma, and nonmelanoma skin malignancies.
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Table 4. Association of biologic therapies and subsequent malignancy, for malignancies with 20 or more
cases in the National Data Bank for Rheumatic Diseases*

Cancer, treatment
Treated

cases
Total

subjects
Treated
subjects

OR
(95% CI)† P

All‡
Infliximab 125 12,916 4,277 1.0 (0.8–1.3) 0.820
Etanercept 93 12,916 3,011 1.0 (0.8–1.3) 0.962
Adalimumab 7 12,916 763 0.7 (0.3–1.6) 0.393
Anakinra 6 12,916 319 0.8 (0.3–1.8) 0.515

Bladder
Infliximab 2 4,687 1,070 0.4 (0.1–1.8) 0.228
Etanercept 4 4,687 1,037 1.5 (0.4–4.7) 0.513
Adalimumab 0 4,687 253 0.0 (0.0– ) 0.991
Anakinra 0 4,687 116 0.0 (0.0– ) 0.991

Breast
Infliximab 22 10,541 3,463 0.9 (0.5–1.7) 0.854
Etanercept 19 10,541 2,571 0.8 (0.5–1.4) 0.505
Adalimumab 4 10,541 658 1.6 (0.5–4.7) 0.387
Anakinra 2 10,541 279 1.1 (0.2–4.6) 0.993

Colon
Infliximab 7 3,795 614 1.1 (0.4–2.9) 0.787
Etanercept 5 3,795 838 0.7 (0.3–2.0) 0.542
Adalimumab 0 3,795 114 0.0 (0.0– ) 0.993
Anakinra 0 3,795 66 0.0 (0.0– ) 0.990

Leukemia
Infliximab 7 3,438 891 0.9 (0.3–2.7) 0.807
Etanercept 4 3,438 708 1.0 (0.3–3.1) 1.000
Adalimumab 0 3,438 95 0.0 (0.0– ) 0.993
Anakinra 0 3,438 59 0.0 (0.0– ) 0.993

Lung
Infliximab 30 8,627 2,412 1.2 (0.7–2.1) 0.465
Etanercept 19 8,627 1,808 1.0 (0.6–1.8) 0.877
Adalimumab 0 8,627 335 0.0 (0.0– ) 0.990
Anakinra 0 8,627 183 0.0 (0.0– ) 0.989

Lymphoma
Infliximab 12 5,901 1,182 0.9 (0.4–2.1) 0.898
Etanercept 10 5,901 1,313 1.3 (0.6–2.8) 0.460
Adalimumab 1 5,901 251 1.3 (0.2–10.0) 0.826
Anakinra 0 5,901 95 0.0 (0.0– ) 0.992

Melanoma
Infliximab 11 3,260 790 2.6 (1.0–6.7) 0.056
Etanercept 9 3,260 754 2.4 (1.0–5.8) 0.054
Adalimumab 1 3,260 207 0.8 (0.1–6.6) 0.822
Anakinra 2 3,260 77 4.2 (0.9–20.0) 0.075

Non-Hodgkin’s
Infliximab 11 5,589 1,108 1.0 (0.4–2.3) 0.969
Etanercept 7 5,589 1,251 1.0 (0.4–2.1) 0.838
Adalimumab 0 5,589 200 0.0 (0.0– ) 0.992
Anakinra 0 5,589 92 0.0 (0.0– ) 0.993

Prostate
Infliximab 6 7,511 1,693 0.5 (0.2–1.5) 0.223
Etanercept 6 7,511 1,579 0.8 (0.3–2.1) 0.642
Adalimumab 0 7,511 341 0.0 (0.0– ) 0.996
Anakinra 1 7,511 137 4.0 (0.4–37.4) 0.223

Skin§
Infliximab 161 13,584 4,430 1.7 (1.3–2.2) �0.001
Etanercept 126 13,584 3,163 1.2 (1.0–1.5) 0.081
Adalimumab 10 13,584 812 0.9 (0.5–1.8) 0.828
Anakinra 11 13,584 317 1.4 (0.7–2.8) 0.289

* OR � odds ratio; 95% CI � 95% confidence interval.
† Adjusted for age, sex, education, smoking history, baseline Patient Activity Scale score, and baseline
prednisone use.
‡ Excludes nonmelanoma skin malignancies.
§ Excludes melanoma.
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malignancies. Most malignancies have long latency pe-
riods in the absence of immunosuppression. For exam-
ple, the latency period for lung cancer following ciga-
rette smoking and for breast cancer following cosmic
radiation exceeds 15 years (37,38). However, immuno-
suppression shortens the latency period and increases
the range of cancers identified.

Immunosuppressant therapy following renal
transplantation in Nordic countries between 1964 and
1986 was associated with excess risks for cancers of the
colon, larynx, lung, bladder, prostate, and testis, and
with particularly high risk for cancers of the lip, skin
(nonmelanoma), kidney, endocrine glands, non-
Hodgkin’s lymphoma, and cancers of the cervix and
vulva-vagina (9). In The Netherlands following renal
transplantation, the overall incidence of squamous cell
carcinoma was 250 times higher than that in the general
Dutch population, and that of basal cell carcinoma was
10 times higher (39). In a study of 35,765 recipients of
renal transplants in the US Medicare billing claims
database, the above data were confirmed (10). Com-
pared with the incidence of tumors in patients on the
waiting list for transplantation in this database, several
tumors were more common after transplantation, in-
cluding nonmelanoma skin cancers (2.6-fold), mela-
noma (2.2-fold), Hodgkin’s lymphoma (2.6-fold), and
non-Hodgkin’s lymphoma (3.3-fold) (10). Not increased
in these analyses were cancers of the lung or breast.
Colon cancer was reduced (1.3-fold; P � 0.086), and
prostate cancer was reduced (1.3-fold). However, the
risk of malignancy differs according to the degree of
immunosuppression used with transplantation, with the
strongest associations occurring in cyclosporine-treated
patients (11,12).

Although our data do not show associations
between malignancy and biologic therapy, except for
skin cancers, the mean and median exposure to biologics
was only 3.0 years. It is possible that with increasing time
of followup or of exposure, the association between
malignancy and biologic therapy would become stron-
ger. However, true associations are regularly seen within
this time frame, since posttransplantation studies have
shown increased risk after the first year of treatment
(9,10).

The data in the current report differ substantially
from those in the meta-analysis of randomized clinical
trials by Bongartz et al (21). Those authors noted that
the pooled OR for malignancy in biologic- versus non–
biologic-treated patients in randomized controlled trials
was 3.3 (95% CI 1.2–9.1).

There are a number of differences between our

study and the meta-analysis. In the meta-analysis, there
were 3,493 biologic-treated participants and 1,512 non–
biologic-treated control subjects. The individual trial
durations ranged between 3 months and 1 year. Data
regarding malignancies occurring after the trials were
available for 3 of the 9 trials and were reported over an
indeterminate period of time. Of the malignancies iden-
tified, 23 occurred in adalimumab-treated patients and
12 occurred in infliximab-treated patients (some patients
had more than 1 malignancy). Patients treated with
etanercept were not studied.

In contrast, adalimumab was infrequently used in
our cohort, and adalimumab followup was of short
duration. The lack of use in our cohort was a function of
the recent release of adalimumab for RA treatment and
our exclusion requirements. However, our study in-
cluded participants treated with etanercept. We identi-
fied 125 malignancies in 4,277 infliximab-treated pa-
tients and 93 malignancies in 3,011 etanercept-treated
patients. The mean duration of followup was 4.1 years
(median 3.9 years). Among patients exposed to bio-
logics, the mean and median exposure was 3.0 years. The
OR for all malignancies was 1.0 (95% CI 0.8–1.3) for
patients treated with biologics. This result is substan-
tially different from the OR of 3.3 (95% CI 1.2–9.1)
noted by Bongartz et al (21) in their meta-analysis of
clinical trials, and also substantially different from the
OR of 2.02 (95% CI 0.95–4.29) obtained by Costen-
bader et al (22) when these investigators used the same
methods described by Bongartz et al to update the
results of the meta-analysis (21) with additional trial
data.

The meta-analysis report has generated commen-
tary and concerns with respect to whether methodologic
issues of case identification might have been an impor-
tant determinant of the observed results (40). The
authors of the meta-analysis report replied to the cri-
tique and suggested that “treatment registries will pro-
vide widely generalizable results about treatment re-
sponse” (41). We hope that the current study will
provide useful data to illuminate this issue.

The primary limitation of observational studies
lies in nonrandom assignment to treatment. If severity of
arthritis is related to the outcome of interest and persons
with severe arthritis are more likely to be treated with
biologics, then outcome is confounded by indication and
could be more related to arthritis severity than to
treatment. With respect to malignancy, such confound-
ing is known to occur with lymphoma (3,42). However,
no other malignancy is known to be associated with RA
severity. On that basis we might assume that confound-
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ing is not a problem with respect to malignancies other
than hematologic malignancies. If we assume the con-
trary, that malignancies are associated with RA severity
and, therefore, with biologic use, we would expect to
identify extra malignancies because of this bias. How-
ever, we found no such increased risk, even with lym-
phoma. In that respect our results are strongly concor-
dant with those of the Swedish observational studies
(2,3,23).

Observational studies may also have limitations
because of time-varying and non–time-varying con-
founders. For example, the probability of biologic pre-
scription varies over calendar time, as does the severity
of RA. Study dropouts are also related to severity and
secular trends in access to biologics, for example. We
used conditional logistic regression to reduce the effect
of these confounders. In addition, in our analyses we
controlled for the non–time-varying confounders: age,
sex, education level, smoking history, disease activity/
severity as measured by the Patient Activity Scale, and
baseline use of prednisone.

With regard to cancer risk generally, and without
consideration of treatment, population-based studies
prior to the time of common use of biologic agents found
a number of associations between RA and malignancy.
A 1996 report on 20,699 persons with RA in Denmark
reported statistically significant risk ratios for malignan-
cies, as follows: lung (1.5), hematopoietic malignancies
(1.7), nonmelanotic skin (1.3), breast (0.8), colon (0.8),
and all cancers (1.08) (1). Similar results using SIRs
were obtained from the Swedish RA inpatient registry of
53,067 patients for the years 1964–2004: lymphoma
(1.9), lung (1.5), kidney (1.5), nonmelanotic skin (1.7),
colon (0.7), breast (0.8), and all cancers (1.05) (2,3).
Significant SIR results from a Scottish registry contain-
ing 124,143 patients with a rheumatic condition from
1981 to 1996 were as follows: hematopoietic malignan-
cies (males 2.1, females 1.8), lung (males 1.3, females
1.4), prostate (1.3), and colorectal cancer (males 0.9,
females 0.7) (4). The results of our study are generally
concordant with those of these studies.

With respect to cancer incidence, however, it is
possible that we slightly underestimated incidence, al-
though this does not affect biologic/nonbiologic risk
estimates. All cancer data represent various degrees of
underreporting. The SEER Program, for example, waits
several years to capture corrections and additions before
publication (35). Even after a 2-year delay, SEER Pro-
gram reporting accounts for just 88–97% of the esti-
mated final incidence case counts. For the NDB, report-
ing delay may come in the delayed identification of

recent cases or cases in which the patient dies. Death
data in some instances depend upon National Death
Index (NDI) data, the public release of which is delayed
by �2 years. Therefore, even if NDB data capture was
perfect, it would likely underestimate true rates very
slightly in the most recent years.

NDB cancer data may also be incomplete if a
participant in whom cancer develops withdraws from the
NDB study because of that cancer and the accompany-
ing illness. The NDB conducts exit interviews to capture
such cancer events. In addition, the NDB may contact
the physician to determine cancer status.

Even with the possible underreporting noted
above, the SIRs reported in Table 2 are generally
concordant with those in other RA cancer incidence
studies. In that respect, we noted increased risks for
melanoma, nonmelanotic skin cancer, and lymphoma,
and decreased risks for breast and colon cancer. The
SIR for lung cancer was 1.2 (95% CI 1.0–1.4) compared
with 1.5 in the Danish and Swedish studies (1,2). How-
ever, this difference might be attributable to the associ-
ation between smoking and RA (43,44) and the higher
rate of smoking in Europe compared with the US (45).
In the Nordic studies the overall cancer SIRs were 1.08
and 1.05 compared with 1.0 in the current (NDB) study.

There are other possible limitations to our study.
It is possible that a history of malignancy may affect a
physician’s decision to prescribe an anti-TNF medica-
tion, thus allowing for confounding by indication. In the
current study we excluded all patients with a previous
history of the specific malignancy under study in order to
be able to obtain incident data. However, we did not
exclude patients with prior malignancies other than
those currently under study. To understand whether this
made a difference, we conducted sensitivity analyses in
which we excluded all patients with preexisting malig-
nancies. The results were essentially unchanged. For
lung cancer, for example, the number of cancers and
patients analyzed was 111 instead of 112, and the OR
was unchanged from that shown in Table 3. For breast
cancer, as an example, the number of cancers was 101
instead of 102, and the OR was unchanged.

Another potential limitation comes from our use
of the NDI. A small number of cases reported in the
current study were identified using only the NDI. It is
possible that this could introduce a bias toward more
lethal malignancies and away from finding an effect for
nonlethal malignancies, such as skin cancers, breast,
colon, prostate, etc. To examine this possibility, we
conducted sensitivity analyses by excluding all cancer
deaths. The ORs for the association of biologic therapy
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with major cancers were as follows: lung 1.2 (95% CI
0.6–2.3), P � 0.548; solid tumors 1.0 (95% CI 0.8–1.3),
P � 0.991; all cancers 1.0 (95% CI 0.8–1.3), P � 0.764;
skin 1.5 (95% CI 1.2–1.8), P � 0.001; melanoma 2.4
(95% CI 1.0–5.9), P � 0.054; and breast 0.9 (95% CI
0.6–1.5), P � 0.697. Therefore, the exclusion of death
data did not result in any real changes to the study
results presented in Table 3.

In summary, biologic therapy is associated with
increased risk for skin cancers, but not for solid tumors
or lymphoproliferative malignancies. These associations
are consistent across different biologic therapies.
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