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Prevalence, incidence, and risk factors of malignancy in patients
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Background/Aims: This study aims to evaluate the incidence of malignancy in patients with rheumatoid arthritis (RA) and
to investigate risk factors for such in a nationwide, population-based cohort.

Methods: In a large, prospective, observational cohort study, 5,077 patients with RA were enrolled from July 2009 to De-
cember 2011 and followed until February 2017. Standardized incidence ratios (SIRs) for malignancy were calculated using
age- and sex-specific cancer rates in the Korean general population. Poisson regression was used to identify the risk of inci-
dent malignancy.

Results: The cohort included 5,023 participants with RA contributing 16,689 person-years of follow-up. A total of 148 ma-
lignancies were recorded. The risks of stomach cancer (SIR, 0.41; 95% confidence interval [CI], 0.21 to 0.74), colon cancer (SIR,
0.13; 95% Cl, 0.03 to 0.37), and lung cancer (SIR, 0.35; 95% Cl, 0.14 to 0.72) were lower in RA patients than in the general
population. Poisson regression modeling demonstrated that the malignancy risk was more than two-fold greater in patients
with thyroid disease than in those without thyroid disease. Hydroxychloroquine therapy was associated with a reduced risk
(relative risk, 0.39; 95% Cl, 0.189 to 0.801) of malignancy development.

Conclusions: The overall risk of malignancy in patients with RA is decreased relative to in the general population. In par-
ticular, stomach, colon, and lung cancers in Korean RA patients are less common, while brain and central nervous system
cancers in male RA patients are more frequent. The patients with thyroid disease and longer RA disease duration were at

increased risk for developing malignancy, while hydroxychloroquine users were at lower risk.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic disease char-
acterized by joint inflammation resulting in articular destruc-
tion, requiring long-term treatment. RA is also associated
with comorbidities and mortalities such as cardiovascular
disease, infectious disease, osteoporosis, and malignancy.
The risk of malignancy is of considerable interest in RA
patients because of its immunologic pathogenesis and im-
mune therapeutic targeting in disease management using
disease-modified antirheumatic drugs (DMARDs). A me-
ta-analysis of the incidence of malignancy in RA as com-
pared with in the general population [1] found that RA pa-
tients appear to be at increased risk for both lymphoma and
lung cancer [2] but at lower risk for colorectal and breast
cancers [3,4]. However, the findings of previous studies as-
sessing the malignancy risk in RA patients are not consistent
and there are disagreements demographically (e.g., age,
sex), geographically, and nationally or according to variable
definitions of cancer outcome. In China, the prevalence
of malignancy within the Chinese Registry of Rheumatoid
Arthritis (CREDIT) cohort was 0.6% and breast and lung
cancers were the most common cancers [5]. The factors as-
sociated with malignancy included advanced age and meth-
otrexate (MTX) treatment in the CREDIT cohort. However,
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CORRONA, a United States-based registry of RA, revealed
that the overall incidence of malignancy was 0.56 per 100
person-years (PY) and non-melanoma skin cancer was the
most common type of cancer [6]. In a comparative study
of real-world RA populations [7], the age-/sex-standardized
incidence rates of malignancy per 100 PY in SRR (a Swedish
registry) and NOAR (a United Kingdom registry) were 0.87
and 0.77, respectively.

Meanwhile, the occurrence of malignancy among pa-
tients with RA in South Korea has not been thoroughly in-
vestigated in a nationwide-based population study, despite
the importance of understanding the underlying malignan-
¢y risk among patients with RA.

Therefore, we aimed to investigate the incidence and risk
factors of malignancy in patients with RA using a large ob-
servational cohort, the Korean Observational Study Network
for Arthritis (KORONA), which was conducted in the Clinical
Research Center for Rheumatoid Arthritis involving 23 cen-
ters across South Korea [8].

METHODS

Study population
KORONA was established in July 2009 by the Clinical Re-
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search Center for Rheumatoid Arthritis, involving 23 centers
across South Korea funded by the Ministry of Health and
Affairs, South Korea. This cohort has been described in de-
tail previously [8]. RA patients over the age of 18 years who
satisfied the 1987 American Rheumatoid Arthritis Society
criteria for RA [9] were enrolled into the KORONA cohort
from 2009 to 2011 after informed consent was given and
annually followed up with, thus representing the largest na-
tionwide multicenter prospective observational RA cohort.
Among 5,077 RA patients enrolled in the KORONA cohort,
5,023 patients were eligible for inclusion in this study, while
54 patients were excluded due to prior malignancy before
the diagnosis of RA and one patient was excluded for miss-
ing data regarding the diagnosis date of malignancy (Fig. 1).

For the analysis of malignancy development, patients with
fewer than two visits during the follow-up period were ex-
cluded. This study protocol was approved by the Institution-
al Review Board (IRB) of Uijeongbu St. Mary's hospital (IRB
No. UC20ECDI0051). The KORONA protocol was approved
by IRB of all participating hospitals and informed consent
was obtained from all participants prior to study enrollment.

5,077 RA patients enrolled in
KORONA from 2009/08/04 to
2011/12/22

Excluded 54 with prior malignancy
before RA diagnosis based on

physician/patient report and 1 with
no information of diagnosis date of
malignancy

5,023 RA patients

l

103 Reported malignancy

|

First analysis of prevalence
rates in cross-sectional manner —
103/5,023= 2.05%

4,921 Without malignancy

Excluded 880 with fewer
than 2 visits in the
study period

4,143 RA patients with 2 or more
visits during the study period

'

84 Reported malignancy +
64 RA patients with newly
developed malignancy
during follow-up period

4,000 Controls
without malignancy

Figure 1. Inclusion and exclusion criteria of patients with rheu-
matoid arthritis (RA) in the present study. KORONA, Korean Ob-
servational Study Network for Arthritis.
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Study design and data collection

Baseline data on demographic details, socioeconomic sta-
tus, education level, income, disease-specific variables,
self-reported past and current medical histories, and comor-
bidities were collected using an initial questionnaire provid-
ed to all enrolled patients. RA-related information such as
age at RA diagnosis; disease duration; notable laboratory
findings including rheumatoid factor (RF) status, anticitrul-
linated protein antibody, and inflammatory markers was
gathered. Rheumatologists or well-trained health profes-
sionals performed a joint assessment and details of medi-
cation use were obtained by medical chart review. The Dis-
ease Activity Score 28 (DAS-28), the Korean version of the
Health Assessment Questionnaire (HAQ), and the EuroQol
five-dimensional questionnaire (EQ5D) questionnaire were
deployed to ascertain study participant level of physical dis-
ability and disease activity at baseline. In a first analysis, we
evaluated the gathered data in a cross-sectional manner to
calculate the prevalence rate of malignancy at enroliment.
A second analysis was then performed by investigating the
data from a longitudinal perspective to obtain the incidence
of malignancy during the follow-up period.

Follow-up and outcome measurements

We observed patients from enrollment to their last annual
follow-up visit or the occurrence of malignancy. Cases of
newly developed malignancy in the KORONA cohort were
identified by patient reported-questionnaires, which includ-
ed questions on malignancy type and date of diagnosis an-
nually during the follow-up period. We did not include all
benign tumors or prior malignancy cases before RA diagno-
sis in this study.

Statistical analysis

The Shapiro-Wilk test was used to analyze variables with a
normal distribution, and nonparametric tests were used for
data that were not normally distributed. Continuous values
were expressed as the median (interquartile range [IQR]) and
categorical values as numbers (%). Demographic and clini-
cal characteristics were compared between the malignancy
group and non-malignancy group using the chi-square test
or Fisher's exact test and Student's t test or Wilcoxon rank-
sum test. PY for each patient were calculated by subtract-
ing the dates from the date of enrollment in KORONA until
the date of last annual follow-up or the date of malignan-
cy reported. Standardized incidence ratios (SIRs) were used
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Table 1. Baseline characteristics of the KORONA cohort

Characteristic Total (n = 4,143) Malignant (n = 143)  Nonmalignant (n = 4,000)  p value

Sex 0.421
Male 599 (14.5) 24 (16.8) 575 (14.4)

Female 3,544 (85.5) 119 (83.2) 3,425 (85.6)

Age at RA diagnosis, yr 46 (37-55) 47 (39-54) 46 (37-55) 0.817
Age at disease onset, yr 43 (34-52) 435 (36-52) 43 (34-52) 0.503
Age at cohort enrollment, yr 54 (46-63) 55 (51-63) 54 (46-63) 0.067
Age at malignancy diagnosis, yr 54 (48-62) 54 (48-62) NA

BMI, kg/m? 22.4(20.43-24.56) 21.4(19.88-24.28) 22.5(20.45-24.57) 0.022

Smoking 0.346
Previous 325 (7.9) 15 (10.5) 310 (7.8)

Current 316 (7.6) 8(5.6) 308 (7.7)
Never 3,493 (84.5) 120 (83.9) 3,373 (84.5)

Alcohol 0.094
Previous 253 (6.1) 13(9.1) 240 (6.0)

Current 945 (22.9) 24 (16.8) 921 (23.1)
Never 2,937 (71.0) 106 (74.1) 2,831 (70.9)

Education level 0.537
No 264 (6.4) 8(5.6) 256 (6.4)

Elementary 839(20.3) 31(21.8) 808 (20.3)
Middle school 719 (17.4) 29 (20.4) 690 (17.3)
High school 1,421 (34.5) 44 (31.0) 1,377 (34.6)
Undergraduate 804 (19.5) 24 (16.9) 780 (19.6)
Graduate 77 (1.9) 6(4.2) 71 (1.8)

Marital status 0.732

Single 271 (6.6) 5(3.5) 266 (6.7)
Married 3,263 (78.9) 118 (82.5) 3,145 (78.8)
Widowed 394 (9.5) 14.(9.8) 380 (9.5)
Separated 43 (1.0) 1(0.7) 42 (1.1)
Divorced 159 (3.8) 5(3.5) 154 (3.9)

Others 6 (0.2) 0 6 (0.2)

Economic status, Korean won/mo 0.054
< 1 million 1,225 (29.7) 36 (25.2) 1,189 (29.9)
1-< 2 million 711 (17.2) 27 (18.9) 684 (17.2)
2-< 3 million 811 (19.7) 27 (18.9) 784 (19.7)
3—-< 4 million 560 (13.6) 24(16.8) 536 (13.5)
4—< 5 million 328(8.0) 8(5.6) 320 (8.04)
5-< 6 million 223 (5.4) 7(4.9) 216 (5.4)
6—< 7 million 82 (2.0) 1(0.7) 81(2.03)
7—< 8 million 50 (1.21) 3.7 47 (1.2)
8-< 9 million 39 (0.95) 2(1.4) 37(0.93)
9-< 10 million 20(0.48) 0 20(0.05)
> 10 million 76 (1.84) 8 (5.59) 68 (1.71)

Values are presented as number (%) or median (interquartile range).
KORONA, Korean Observational Study Network for Arthritis; RA, rheumatoid arthritis; NA, not available; BMI, body mass index.
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Table 2. Comparison of RA patients with malignancy and without malignancy in the KORONA cohort

Patients with Patients without

Variable Total malignancy malignancy p value
(n=143) (n=4,000)
RA disease duration, yr 6 (2-12) 8 (4-14) 6 (2-12) < 0.001
RA disease duration category, years ,%
<5 1,652 (40.9) 44 (30.8) 1,608 (41.3) 0.030
5to< 10 936 (23.2) 35(24.5) 901 (23.1)
> 10 1,453 (36.0) 64 (44.8) 1,389 (35.6)
No. of ACR classification criteria fulfilled at first visit 5 (5-6) 5 (5-6) 5 (5-6) 0.239
Soft tissue swelling (arthritis) of 3 or more joint areas 3,915 (94.5) 138 (96.6) 3,777 (94.4) 0.284
Morning stiffness in and around joints lasting at least 1 3,817 (92.1) 137 (95.8) 3,680 (92) 0.097
hour before maximal improvement
Swelling (arthritis) of PIP, MCP, or wrist joints 3,933 (95.0) 135 (94.4) 3,798 (95) 0.750
Symmetric arthritis 3,794 (91.6) 135 (94.4) 3,659 (91.5) 0.215
Rheumatoid nodules 131 (3.2) 8 (5.6) 123 (3.1) 0.136
Positive test for rheumatoid factor 3,596 (86.8) 116 (81.1) 3,480 (87) 0.041
Radiographic erosions or periarticular osteopenia in hand or 2,253 (54.4) 84 (58.7) 2,169 (54.2) 0.287
wrist joints
Rheumatoid factor positivity at enrollment 2,079 (75.0) 72 (71.3) 2,007 (75.2) 0.376
ACPA positivity at enrollment 2,720 (84.3) 78 (79.6) 2,642 (84.5) 0.189
Health-related outcomes
DAS-28 at enrollment 3.67 (2.72-4.59) 3.59 (2.64-4.29) 3.67 (2.72-4.59) 0.609
Remission (< 2.6 ) 606 (15.9) 22 (16.5) 584 (15.9) 0.992
Low activity (2.6-3.2) 1,765 (46.3) 60 (45.1) 1,705 (46.4)
Moderate activity (3.2-5.1) 566 (15.4) 7 (12.3) 573 (15.4)
High activity (> 5.1) 851 (22.3) 30(22.6) 821(22.3)
HAQ at enrollment 0.50 (0.13-1.00) 0.63(0.13-1.13) 0.50 (0.13-1.00) 0.241
EQ5D at enrollment 0.73 (0.59-0.80) 0.69 (0.59-0.80) 0.73(0.59-0.80) 0.070
ESR at enrollment 22 (11-40) 22 (11-44) 22 (11-40) 0.773
CRP at enrollment 0.30(0.23-0.80)  0.30(0.20-0.80) 0.30(0.23-0.80) 0.739
Family history of malignancy 568 (13.7) 11 (7.7) 557 (13.9) 0.093
Comorbidity at enrollment
Cardiovascular disease 1,113 (26.9) 43 (30.0) 1,070 (26.8) 0.379
Interstitial lung disease 34 (0.8) 1(0.7) 33(0.8) 1.000
Pulmonary tuberculosis 212 (5.1) 10 (7.0) 202 (5.0) 0.329
COPD 84 (2.0) 3(2.0) 81(2.0) 0.766
Diabetes mellitus 326 (7.9) 16 (11.2) 310 (7.6) 0.133
Liver disease 82 (2.0) 5(3.5) 77 (1.93) 0.206
Gastric ulcer 225 (5.4) 6 (4.2) 219 (5.5) 0.507
Thyroid disease 294 (7.1) 24 (16.8) 270 (6.8) <0.001
Medications at enrollment
Methotrexate 3,476 (83.9) 112 (78.3) 3,364 (84.1) 0.065

Methotrexate dose 12.5(10.0-15.0) 15.0(10.0-15.0)  12.5(10.0-15.0) 0.359
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Patients with Patients without
Variable Total malignancy malignancy p value
(n=143) (n=4,000)

Hydroxychloroquine 1,409 (34.1) 30(21.0) 1,379 (34.6) < 0.001
Sulfasalazine 681 (16.5) 22 (15.4) 659 (16.5) 0.714
Leflunomide 1,288 (31.1) 4(37.8) 1,234 (30.9) 0.082
Others 481 (11.6) (14 0) 461 (11.5) 0.367
NSAIDs 3,336 (80.5) 112 (78.3) 3,224 (80.6) 0.499
Corticosteroids 3,063 (73.9) 116 (81.1) 2,947 (73.7) 0.046
Bisphosphonate 1,009 (24.4) 36 (25.2) 973 (24.3) 0.816
bDMARD:s at enrollment 263 (6.4) 3(9.1) 250 (6.3) 0.171
bDMARDs duration at enrollment, mo 3(2-12) 2( 4) 3(2-12) 0.754
Prior bDMARDSs exposure 0(14.8) 5(16.7) 230(14.7) 0.597
Abatacept 2(1.2) 0 2(1.3)
Duration of abatacept, mo 8 (7-9) 0 8 (7-9)
Adalimumab 5(21.2) 1(9.1) 34(22.)
Duration of adalimumab, mo 5(1-11) 4 (0) 5(1-11)
Etanercept 1(37.0) 3(27.3) 58 (37.7)
Duration of etanercept, mo 3(2-9) 8(2-30) 3(2-9)
IL-17 inhibitors 1(0.6) 0 1(0.7)
Duration of IL-17 inhibitor, mo 1(11-11) 0 11 (11-11)
Infliximab 3(32.1) 6 (54.6) 47 (30.5)
Duration of infliximab, mo 1(0-5) 1.5 (0-15) 1(0-5)
Rituximab 3(7.9 19.1) 12 (7.8)
Duration of rituximab, mo 1(0-3) 10 (10-10) 1(0-2)
No. of bDMARDs 3(1-5) 3(2-5) 3(1-5) 0.382

Values are presented as number (%) or median (interquartile range).

RA, rheumatoid arthritis; KORONA, Korean Observational Study Network for Arthritis; ACR, American College of Rheumatology; PIP,
proximal interphalangeal; MCP, metacarpal phalangeal; ACPA, anti-citrullinated protein antibody; DAS-28, Disease Activity Score 28;
HAQ, Health Assessment Questionnaire; EQ5D, EuroQol five-dimensional questionnaire; ESR, erythrocyte sediment rate; CRP, C-reactive
protein; COPD, chronic obstructive pulmonary disease; NSAID, nonsteroidal anti-inflammatory drug; bDMARD, biologic disease-modified

antirheumatic drug; IL-17, interleukin 17.

to compare the incidence of malignancy in the KORONA
cohort with that in the general population using site, age,
sex, and calendar year-specific incidence rates as obtained
from Statistics Korea (http://kosis.kr) [10]. The SIR was calcu-
lated as follows: the number of observed malignancy cases
in the KORONA cohort divided by the expected number of
malignancy cases according to national age- and sex-specif-
ic malignancy rates. The 95% confidence interval (Cl) was
calculated by Poisson distribution. SIRs for each malignan-
cy type were calculated separately for men and women as
they differed in their malignancy risks. Multivariate Poisson

118  www.kjim.org

regression modeling for the relative risk (RR) of malignan-
cy with the following baseline characteristics was used in
the KORONA cohort: RA disease duration; disease activity
measured using DAS-28; physical function measured using
HAQ; prior or current exposure to DMARDs, nonsteroidal
anti-inflammatory drugs (NSAIDs), and/or corticosteroids;
and smoking status. Our final model was adjusted for age,
sex, disease duration, disease activity measures, smoking
alcohol use, body mass index (BMI), and family history of
malignancy. The variables used in the multivariable model
were those with a p value of less than 0.05 in the crude
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Figure 2. Frequency of cancer-type in the cross-sectional analysis. (A) Women (n = 88). (B) Men (n = 17).

model, as well as some others of clinical importance, and
p values less than 0.05 were considered to indicate statis-
tical significance. All analyses were carried out using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Baseline characteristics of patients in the
KORONA cohort in terms of the presence of
malignancy

The study cohort consisted of 5,023 patients with RA con-
tributing 16,689 PY of follow-up to the analysis. The cohort
was predominantly female (85.5%), with a median age at
RA diagnosis of 46 years (IQR, 37 to 55) and at disease onset
of 43 years (IQR, 34 to 52) (Table 1). The median disease
duration was 6 years (IQR, 2 to 12) with moderate disease
activity (median DAS-28 score, 3.67; IQR, 2.72 to 4.59) at
baseline (Table 2). At the baseline of this study, the most
frequent DMARD used by the cohort was MTX (n = 3,476;
83.9%) and the median dose was 12.5 mg per week (Ta-
ble 2). The frequency of biologic DMARD usage was 6.4%
(n = 263) at baseline, with prior biologic DMARD users
composing 14.8% (n = 240) of the study population, and
the median duration of biologic DMARDs was 3 months
(IQR, 2 to 12) (Table 2). The proportion of patients with
positive RF status was 75%, while the median EQ5D and
median HAQ scores were 0.73 (IQR, 0.59 to 0.80) and 0.5
(IQR, 0.13 to 1.0), respectively.

https://doi.org/10.3904/kjim.2021.146

When patients with malignancy were compared to
those without, they were more often male (16.8% vs.
14.4%, p = 0.421) but not to a statistically significant de-
gree (Table 1). However, they showed significant differ-
ence in RA disease duration at the time of diagnosis (medi-
an: 8 years vs. 6 years, p < 0.005) (Table 2) and lower BMI
(21.4 vs. 22.5, p = 0.022) (Table 1). Malignancy patients
showed less RF positivity (81.1% vs. 87%, p = 0.041)
and were less often taking hydroxychloroquine (HCQ)
(21% vs. 34.6%, p < 0.001), while greater corticosteroid
usage was reported (81.1% vs. 73.7%, p = 0.046) (Table
2). Thyroid disease among the comorbidities identified at
enrollment was more frequently reported in patients with
malignancy (16.8% vs. 6.8%, p < 0.001). Comorbidity,
medication use, and other demographic data are summa-
rized in Tables 1 and 2.

Prevalence of malignancy and occurrence of
malignancy in the KORONA cohort

Among the 5,077 RA patients enrolled in the KORONA co-
hort, we excluded 54 patients who were diagnosed with
malignancy before their diagnosis of RA and one patient for
missing data concerning the diagnosis date of malignancy.
However, five patients among these 64 patients developed
a second malignancy during the follow-up period. One of
five patients was diagnosed with double primary cancer and
the others were diagnosed with recurrent cancers. We iden-
tified 103 patients with malignancy (2.05%) among a total
of 5,023 patients (prevalence rate: 2,050.6/100,000) during
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cross-sectional analysis. Most female patients had thyroid
cancer (40.9%) and breast cancer (17.1%), while stomach
cancer (47.1%) was the most prevalent cancer among male
patients with RA. Fig. 2 summarizes the frequency of detect-
ed cancer subtypes by sex.

A total of 64 of the 4,054 patients (1.58%) at risk for new
malignancy were diagnosed during the cumulative follow-up
period of 16,688 PY (men: 2,317 PY; women: 14,371 PY).
We estimated a crude incidence rate of 383.5/100,000 PY
(men: 561.0/100,000 PY; women: 354.9/100,000 PY).

SIRs

The 64 malignancies (13 men, 51 women) were found to
equate to a crude incidence rate of 3.8/1,000 PY. Overall,
the risk of malignancy was decreased in our RA cohort as
compared with in the general population (SIR, 0.40; 95%
Cl, 0.31 to 0.51) (Table 3). The RRs were decreased in
gastric, colon, and lung cancer (SIR, 0.41; 95% Cl, 0.21
to 0.74; SIR, 0.13; 95% Cl, 0.03 to 0.37, and SIR, 0.35;
95% Cl, 0.14 to 0.72) but increased in brain and central
nervous system cancers in male patients (SIR, 10.84; 95%
Cl, 1.22 to 39.14) (Table 3).

Analysis of risk and protective factors for de-
veloping malignancy in the KORONA cohort

To identify the risk factors associated with the occurrence
of malignancy, we performed a multivariate analysis using
baseline data collected at first enrollment in the KORONA
cohort. During multivariate analysis, thyroid disease and RA
disease duration were associated with incident malignancy
(RR, 2.82;95% Cl, 1.79to 4.44 and RR, 1.64; 95% Cl, 1.11
to 2.42), while the use of HCQ at enrollment was associ-
ated with a reduced risk (RR, 0.50; 95% Cl, 0.32 to 0.78)
of new-onset malignancy (Table 4). Age at RA diagnosis,
sex, smoking, and disease activity were not identified as risk
factors.

DISCUSSION

In this prospective cohort study of 5,023 patients with RA
assessing the risk for developing malignancy, we provide
several key insights into the current prevalence, incidence,
and risk factors. First, we identified 103 malignancy pa-
tients, corresponding to a prevalence rate of 2.05%, during
cross-sectional analysis. Second, we observed 64 newly
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developed malignancies during the follow-up period. No-
tably, the risks of stomach, colon, and lung cancers were
decreased by 0.4-, 0.13-, and 0.35-fold, respectively. Third,
we identified thyroid disease and RA disease duration as
risk factors and HCQ use as a possible preventive factor in
developing malignancy. This is the first study analyzing the
prevalence, incidence, and risk factors of malignancy in a
large observational prospective RA cohort in Korea.

In addition, we report that the SIR for overall malignancy
in the RA cohort was decreased relative to that in the gen-
eral population. Although, in one recent meta-analysis, the
overall standardized incidence rate for overall malignancy
was 10% increased in RA patients [4] as compared with
in the general population, individual studies have offered
more inconsistent results. Some studies reported that the
overall risk of malignancy was similar to that of the gener-
al population [11-13], while others confirmed less overall
malignancy risk among patients with RA than the general
population [4,14,15]. From Korea, only two papers have
been published concerning the malignancy risk in RA pa-
tients, with different results [12,16]. Lee [16] demonstrated
that the overall cancer incidence among Korean RA patients
was increased, while Kim et al. [12] showed that the inci-
dence rate for cancer was not significantly increased from
that of the general population. Both studies had limitations,
having been performed in a single center with a limited in-
formation and short observational period. In contrast, the
present study is the first large-scale nationwide investigation
to estimate the risk of malignancy in a population of Korean
patients with RA with no history of malignancy.

In previous studies from Western countries including me-
ta-analyses [1,4], the overall risk for malignancy was not
consistent in patients with RA, but the risk for site-specific
malignancy was significantly varied from that in the general
population. These included an increased risk of lymphoma
[17-19] and lung cancer [4,18] and a reduced risk of col-
orectal and breast cancers [1,20]. In this study, during the
follow-up period, one lymphoma case was observed in a
male RA patient and seven lung cancers (four men, three
women) were identified. The SIR for lymphoma and lung
cancers was not increased in RA patients, inconsistent with
the findings of previous studies. Smoking is a well-known
independent risk factor for lung cancer and interstitial lung
disease (ILD) would thus be a potential risk factor for lung
cancer [21,22]. In the KORONA cohort, the majority of par-
ticipants had never smoked (84.5%) and the proportion of
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patients with ILD was only 0.8%. Given that most studies to
date have been conducted in Western countries, the low-
er smoking rate in the KORONA cohort is characteristic of
Korean RA patients. Therefore, our results are likely to be
linked to the low smoking and ILD rates in this study cohort.

Regarding site-specific malignancy, the incidence rates
of stomach cancer (SIR, 0.41; 95% Cl, 0.21 to 0.74) and
colon cancer (SIR, 0.13; 95% Cl, 0.03 to 0.37) were signifi-
cantly decreased in RA patients as compared with in the
general population in this study. In a recent meta-analysis
[4] and previous epidemiological studies [11,15,20,23],
colorectal cancer displayed a decreased risk in RA patients
as compared with in the general population, which is sim-
ilar to as found in this study. It has been well noted that
NSAIDs and aspirin reduce the risk of colorectal cancer
[24]. In one meta-analysis [25], anti-inflammatory drug
intake, especially cyclooxygenase (COX)-2 inhibitors, was
associated with a statistically significant reduction in the
risk of gastric cancer. NSAIDs inhibit the cyclooxygenase
enzyme (COX-1 or COX-2) involved in the synthesis of
prostaglandin, which are elevated in colorectal cancer.
RA patients mostly use NSAIDs to reduce inflammation,
which may impart a protective effect against the develop-
ment of colorectal cancer.

The incidence of gastric cancer in patients with RA ap-
pears to be inconsistent. A Japanese cohort showed a lower
risk for stomach cancer than that in the general population
[26], while a Taiwanese cohort showed an increased risk
for stomach cancer (SIR, 1.26; 95% Cl, 1.22 to 1.29) [27].
In this study, the risk of stomach cancer with RA was de-
creased (SIR, 0.41; 95% Cl, 0.21 to 0.74). There are signifi-
cant known regional differences in gastric cancer incidence
and mortality. Gastric cancer rates are significantly increased
in East Asia, including in Korea [28], and Helicobacter pylori
infection is one of the risk factors for gastric cancer as a
carcinogen in Korea [29]. A recent nationwide multicenter
study in Korea [30] reported a downward trend in H. pylo-
ri seroprevalence and an increase in H. pylori eradication,
which could affect development of gastric cancer. In addi-
tion, RA patients tend to receive regular endoscopies due to
their high gastrointestinal bleeding risk, leading to a greater
chance to eradicate H. pylori in this group than in the gen-
eral population.

In our study, HCQ was indicated to be a potential pro-
tective factor against developing malignancy in RA patients.
HCQ is usually used as component of a triple-drug combi-
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nation involving MTX and sulfasalazine as well for RA treat-
ment and is also widely used in the treatment of systemic
lupus erythematous (SLE). As suggested in previous research
[31,32], HCQ treatment in patients with SLE could reduce
the risk of malignancy. It is also suggested that HCQ might
have a role in preventing neoplasia in SLE. In our study, HCQ
may have played a protective role against developing malig-
nancy in RA patients, in contrast with a previous study [33].
Interest has grown in highlighting the antitumoral effects
of HCQ and chloroquine, which may be related to strong
antiproliferative, antimutagenic, and lysosomotropic-auto-
phagy inhibition effects [34,35]. However, given that HCQ
monotherapy was found only in nonmalignant group and
HCQ monotherapy is generally used for patients with low
disease activity, it seems difficult to rule out the possibili-
ty that malignant group might have higher disease activity
than nonmalignant group. Although statistically insignifi-
cant between two groups, it also raises a possibility that ma-
lignant group with higher disease activity have been treated
with leflunomide, corticosteroids, or biologic DMARDs more
frequently than nonmalignant group, resulting in similar dis-
ease activity.

The malignant group also tends to have higher monthly
income than the nonmalignant group even though it is not
statistically significant. Considering the fact that the most
common diagnosed cancer is thyroid cancer, it is possible
the malignant group with higher income levels could in-
crease their chance of diagnosing cancer by accessing med-
ical services, particularly in preventive health services, such
as cancer screening.

Some limitations of this study should be mentioned. Pre-
cision in some of the analyses, particularly in the assessment
of specific cancer types, was limited because the occurrence
of malignancy was obtained through interviews and based
on patient self-reports. Therefore, the existence of missing
cases or inaccurate patient reports cannot be ruled out. An-
other limitation is selection bias due to some patients being
lost to follow-up. Also, some patients may have been un-
able to visit the clinic regularly because their RA was exacer-
bated or comorbidities such as malignancy had worsened.
This bias may be associated with an underestimation of ma-
lignancy incidence.

Still, our results suggest that the underlying disease inde-
pendently informs the risk of malignancy. Indeed, we found
that thyroid disease increased the risk of malignancy by 2.5-
fold among patients with RA. Thyroid disease at baseline
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was demonstrated to be a risk factor for malignancy in RA
patients in our analysis. Recently, Li et al. [36] reported that
the risk of thyroid dysfunction was increased among RA pa-
tients. In an Asian population, thyroid disorder increased the
risk of breast cancer [37]. In real practice, thyroid function
testing is part of the regular medical checkup for RA pa-
tients. This might be one of the reasons for increased thy-
roid disease in RA patients.

No association was found between the incidence of over-
all malignancy and baseline measurements of disease se-
verity, physical dysfunction, or medication use. Presumably,
these baseline data reflect characteristics years after diagno-
sis and would change with subsequent treatment.

The greatest strength of this study is its use of real-world
clinical data obtained from a large, observational cohort
study on RA with a long duration of follow-up, thus pro-
viding more precise estimates of the malignancy risk in RA
patients.

In conclusion, the overall incidence of malignancy in Ko-
rean patients with RA was demonstrated to be decreased as
compared with in the general Korean population. Regard-
ing site-specific cancer, the risk of stomach and colon can-
cers was decreased.

KEY MESSAGE

1. Our study shows that the prevalence and incidence
rates of malignancy in patients with rheumatoid
arthritis (RA) in Korea were decreased as compared
with in general population.

2. The patients with thyroid disease and longer RA
disease duration are at increased risk of developing
malignancy, while hydroxychloroquine users are at
lower risk.
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