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Abstract

The objective of this study is to determine the overall and specific cancer risks in male patients with ankylosing spondylitis
(AS). From the claims database of the Health Insurance and Review Assessment, male patients with AS without prior cancer
history were selected (n=21,780). Stratified random samples of claims data were used as a reference general male population
group (n=342,361). Incidence rates of overall and types of cancer were presented as number of events per 10,000 person-
years with 95% confidence interval (CI). A standardized incidence ratio (SIR) was used to represent the association between
AS and cancer, accounting for person-years at risk. Compared to a general male population group, the overall incidence of
cancer was increased in male patients with AS (SIR 1.25, 95% CI 1.15-1.36). For specific malignancy types, the risks of male
reproductive system malignancy (SIR 1.97, 95% CI 1.59-2.35) and pancreatic cancer (SIR 1.75, 95% CI 1.12-2.37) were
increased. Male patients with AS had increased cancer risk, especially for male reproductive system and pancreatic cancer.

Keywords Ankylosing spondylitis - Cancer - Risk - Standardized incidence ratio

Introduction

Ankylosing spondylitis (AS) is a chronic inflammatory rheu-
matic disease that primarily affects the spine and sacroiliac
joints. The prevalence of AS is three times higher in males

The data and conclusions presented in the abstract have been
published in European Congress of Rheumatology 2019; https://
ard.bmj.com/content/78/Suppl_2/635.info
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than females. And there are some differences between sexes
in clinical presentation; males are more prone to develop
structural damage. The mainstream treatment for AS is
non-steroidal anti-inflammatory drugs (NSAIDs), with anti-
tumor necrosis factor (anti-TNF) therapy emerging as a treat-
ment option [1]. With these therapies, symptoms of AS such
as back pain and stiffness can be managed. However, to date,
little attention has been paid to comorbidities that could be
linked to AS, such as cancer.

The connection between inflammation and cancer has
been recognized since the mid-nineteenth century. Rudolf
Ludwig Carl Virchow first suggested that cancer gets ini-
tiated from chronic inflammation sites; this is known as
the chronic irritation theory [2]. About 20% of cancers
are estimated to be associated with chronic inflammation
or persistent infections such as the association between
inflammatory bowel disease and colorectal carcinoma,
Barrett’s esophagus and esophageal carcinoma, and hepa-
titis and hepatocellular carcinoma [3, 4]. Not only organ-
localized inflammation but also systemic inflammation
seems to be linked to malignancy risk. An association
between inflammatory myopathy and cancer is well estab-
lished; so initial cancer screening is recommended when
first diagnosed [5]. Cancer is implicated in other rheu-
matic diseases such as rheumatoid arthritis [standardized
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incidence ratio (SIR) 1.09, 95% confidence interval (CI)
1.06-1.13] [6], scleroderma (SIR 1.41, 95% CI 1.18-1.68)
[7], and primary Sjogren’s syndrome [pooled relative risk
(RR) 1.53,95% CI 1.17-1.88] [8].

However, few studies [9—12] have examined cancer risk
with AS, and results of these studies were inconsistent. The
objective of this study was to assess the risks of overall and
site-specific cancer in male patients with AS.

Methods
Data sources

This study used claims data from the Health Insurance
and Review Assessment (HIRA), the universal coverage
system in South Korea. This system covers approximately
98% of the South Korean population. The claims data of
HIRA include a broad range of information including patient
demographic characteristics, diagnoses, surgical history, and
drug prescriptions [13, 14].

Patients identification

To ensure accurate diagnoses, AS patients were defined as
those with diagnosis codes for both AS [International Classi-
fication of Disease (ICD)-10 code M45] and rare intractable
disease (RID) (code V140). The National Health Insurance
(NHI) has registration programs for RIDs, including AS.
Through this program, patients with RIDs are responsible
for only 10% of their medical expenses. Therefore, before
being admitted to the program, diagnoses are made by phy-
sicians and reviewed by the healthcare institution. And the
criteria of AS in RID system are in accordance with the
1984 Modified New York Criteria. All individuals diagnosed
with the two codes between 2012 and 2014 were included.
Patients who were female, younger than 19 years, or had
prior cancer history were excluded.

Control group

The HIRA provided stratified random samples of claims data
with 32 strata (2 sex strata, 16 age strata). Using probabilis-
tic sample extraction methods and validity tests, the sample
represented the total population. We used this sample as a
control group of a general male population over 19 years.
The sample data included diagnoses, treatments, and drugs.
Patients with malignancies of the male reproductive system
of testicular and prostate cancer were grouped together to
protect patient privacy [13, 14].
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Observational period

The index date was defined as the date of first recorded claim
for AS between 2012 and 2014. Because previous prevalent
cancer may confound cancer incidence, we applied a 1-year
washout period before the index date to exclude patients
with cancer history. Follow-up ended at the time of diagnosis
with cancer or the end of the study period (December 31,
2015). Thus, medical records were collected from 2011 to
2015.

Ascertainment of cancer

Overall and site-specific cancers were ascertained using
ICD-10 codes (C00-C97). We divided cancer into two main
types, hematologic malignancies and solid cancers. Hema-
tologic malignancies were lymphoma (ICD-10: C81-C85),
multiple myeloma (ICD-10: C90), leukemia (ICD-10:
C91-C95), and unspecified malignant neoplasm of lym-
phoid, hematopoietic, and related tissue (ICD-10: C96). Oth-
ers were in the category of solid cancers (ICD-10: C00-C80,
C86, C89, C97).

Statistical analysis

To compare distributions of demographic characteristics for
the male general population group and male AS patients
group, Chi-square test was used for categorical variables
and ¢ test for continuous variables. P values less than 0.05
were considered to be statistically significant. Incidence rate
(IR) was presented as number of events per 10,000 person-
years with 95% CI. For more accurate comparisons between
the male AS patient group and the male general popula-
tion group, we calculated age-adjusted incidence rates by
dividing cancer events in the general population with cor-
responding age. SIR was defined as the ratio of observed to
expected number of cancers in male AS patients, accounting
for person-years at risk. SIR with 95% CI was used to repre-
sent the association between AS and malignancy.

Results
Demographic characteristics

Of 28,979 patients with AS, 7199 who did not satisfy the
criteria were excluded. Therefore, 21,780 patients were
included in this study (Fig. 1). The baseline characteris-
tics of the patients are presented in Table 1. AS patients
were younger than controls (mean age 39.4 + 12.7 years vs.
43.7+15.4 years, P<0.001), because AS commonly occurs
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Fig. 1 Flow chart of patient
selection. AS, ankylosing

AS ICD-10 code & RID registry (M45.X & V140)
(n=28,979)

spondylitis; ICD, International
Classification of Disease; RID,
rare intractable disease

Female patients

(n=6,172)

Patients younger than 19

(n=595)

Patients with previous cancer history

(n=432)

Male AS patients older than 19 without cancer history
(n=21,780)

AS, ankylosing spondylitis; ICD, international classification of disease; RID, rare intractable disease

Table 1 Baseline characteristics
of male AS patients group and
general male population group

Male general population Male AS patients group P value
group (n=342,361) (n=21,780)
Age® in years, mean + SD 437+154 394+12.7 <0.001
Duration of observation in years, 3.6+0.6 3.3+09 <0.001
mean+SD
Number of comorbidities (%)
Peptic ulcer disease 5577 (1.6) 1920 (8.8) <0.001
Mild liver disease 5223 (1.5) 882 (4.0) <0.001
Diabetes mellitus 8101 (2.4) 424 (2.0) <0.001
Peripheral vascular disease 2196 (0.6) 103 (0.5) <0.001
Cerebrovascular disease 2007 (0.6) 68 (0.3) <0.001
Chronic pulmonary disease 6716 (2.0) 234 (1.0) <0.001
Renal disease 726 (0.2) 25 (0.1) 0.0022

Patient clinical information as described at index date

AS, ankylosing spondylitis; SD, standard deviation

in younger people [1]. Age differences between male AS
patients and the general male population were associated
with a high prevalence of other diseases in the control group,
except for peptic ulcer disease and mild liver disease.

Cancer risk in patients with ankylosing spondylitis

The 28,979 patients with AS were observed for 71,046 per-
son-years (mean duration of observation 3.26 +0.91 years).
Among these patients, we observed 552 cases of cancer. The
overall risk of cancer was significantly higher in male AS
patients than in the general male population (SIR 1.25, 95%
CI 1.15-1.36; Table 2). After dividing cancers into two main
types, hematologic and solid malignancies, cancer risk was
still higher for both types (SIR 1.70, 95% CI 1.06-2.34 for
hematologic; SIR 1.24, 95% CI 1.13-1.34 for solid; Table 2).

The SIRs for different cancer types in males with AS are
shown in Figs. 2 and 3. Male AS patients exhibited a greater
risk of developing malignancies of the male reproductive
system (SIR 1.97, 95% CI 1.59-2.35), which consisted of
the types testicular and prostate cancer. Only one case of tes-
ticular cancer was observed for the entire follow-up period
in the male AS patients. The others were prostate cancers
(101 cases). Risk of pancreatic cancer was also higher in
the AS patients than the general population (SIR 1.75, 95%
CI1.12-2.37).

Common cancer types in patients with ankylosing
spondylitis

The most common types of cancer in male patients with AS
are listed in Table 3. Prostate was the leading type of cancer
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Table 2 Standardized incidence ratios for malignancies

Type of Malignancy Male general population group Male AS patients group SIR (95% CI)
IR (95% CI) Age-adjusted expected IR IR (95% CI)

All malignancies 102.47 (100.68-104.26) 64.94 (63.68-66.19) 77.70 (71.21-84.18) 1.25 (1.15-1.36)

Hematologic malignancies 3.36 (3.04-3.69) 2.33 (2.08-2.58) 3.80(2.37-5.23) 1.70 (1.06-2.34)

Solid malignancies 99.11 (97.35-100.87) 62.61 (61.38-63.84) 73.90 (67.57-80.22) 1.24 (1.13-1.34)

Incidence rate is the number of events per 10,000 person-years with 95% CI

AS, ankylosing spondylitis; IR, incidence rate; CI, confidence interval; SIR, standardized incidence ratio
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Fig.2 Standardized incidence ratios of hematologic malignancies
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Fig. 3 Standardized incidence ratios of solid cancers. GB, gallbladder; CNS, central nervous system
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Table 3 The most common types of malignancy observed in Korean
male patients with AS

Ranking Type of malignancy Observed cases
1 Prostate 101 cases

2 Liver 70 cases

3 Lung 48 cases

4 Colorectal 45 cases

5 Stomach 43 cases

AS, ankylosing spondylitis

in this group (101 cases), followed by liver (70 cases), lung
(48 cases), colorectal (45 cases), and stomach cancer (43
cases). The common cancer types were different in male
AS patients than the general male population. The five
most common cancers for the general male population, in
descending order, were stomach, lung, colorectal, liver, and
prostate [15].

Discussion

In this retrospective study, we determined the overall and
site-specific cancer risks in male patients with AS. We dem-
onstrated that the overall incidence of cancer was higher in
male patients with AS than male general population. We
observed that the risks of pancreatic cancer and malignancy
of the male reproductive system, of which a majority was
prostate cancer, were increased.

Studies on malignancy risk of AS are scarce and provide
conflicting results. In one study of 6621 AS patients, over-
all cancer risk was not increased than general population
(SIR 1.05,95% CI10.94-1.17). The risk of rectal cancer was
decreased (SIR 0.41, 95% CI 0.15-0.89), while the risk of
unspecified kidney cancer was increased (SIR 5.90, 95% CI
1.61-15.1) [9]. However, in a systemic review and meta-
analysis study, overall malignancy risk of AS was increased
(pooled RR 1.14, 95% CI 1.03-1.25). Patients with AS had
a specific increased risk for digestive system malignancies
(pooled RR 1.20, 95% CI 1.01-1.42), multiple myelomas
(pooled RR 1.92, 95% CI 1.37-3.69), and lymphomas
(pooled RR 1.32, 95% CI 1.11-1.57). However, the results
could be biased because of variations in study designs and
adjustment for covariates. Most studies were from Europe
(17 from Europe, 2 from Asia, 3 from the United States, and
1 from another country) [16].

In a retrospective cohort study of 5452 AS patients from
Taiwan, the overall incidence of cancer was elevated in AS
patients (SIR 1.15, 95% CI 1.03-1.27), and AS carried an
increased risk of hematological malignancy in both sexes
(females SIR 2.09, 95% CI 1.04-3.74; males SIR 2.10, 95%
CI 1.32-3.19); colon cancer in females (SIR 1.73. 95% CI

1.19-2.45); and bone and prostate cancer in males (SIR
3.33, 95% CI 1.08-7.77; SIR 1.64, 95% CI 1.04-2.47) in
comparison with age- and sex-matched controls [12]. Korea
and Taiwan have similar ethnicities and lifestyles. We found
similar results in increased risk of overall cancer, hematolog-
ical malignancies, and prostate cancer in male AS patients.
However, comparing results for bone and pancreatic cancer
is difficult due to differences in cancer categorization.

The relationship between cancer and rheumatic diseases
is complicated. The reasons for this increased risk of can-
cer in rheumatic diseases have not been elucidated, but are
hypothesized to be that chronic inflammation stimulates
cytokines and chemokines that may induce DNA damage,
inactivate tumor suppressor genes, stimulate cellular growth,
and trigger angiogenesis [2, 4, 17]. A previous study found
that elevated erythrocyte sedimentation rate (ESR) and
c-reactive protein (CRP) were associated with increased
cancer risk and greater cancer mortality in people with rheu-
matoid arthritis [18]. Other studies demonstrated that dis-
ease activity and duration were predictive of non-Hodgkin
lymphoma risk in people with primary Sjogren’s disease
[17, 19, 20]. In addition to inflammation as a disease activ-
ity, genetic characteristics may affect carcinogenesis. Several
studies observed that HLA B27, a class I surface antigen
strongly associated with AS, is associated with increased
risk of malignancies such as lymphoma and colorectal can-
cer [21-23].

It is interesting but not surprising that patients with AS
had a significantly increased risk of male reproductive sys-
tem malignancy, represented by prostate cancer. It may be
influenced by sex hormones, because AS is a male-predom-
inant disease that commonly starts at a young age. Several
studies have investigated the role of sex hormones in devel-
oping prostate cancer. In a pooled analysis of 3886 patients
with prostate cancer, no association was seen between pros-
tate cancer and serum levels of sex hormones such as tes-
tosterone, dihydrotestosterone and estrogen [24]. In spite of
that, debate continues about hormonal effects on prostate
carcinogenesis because high-grade prostatic intraepithelial
neoplasia, which is thought to be precursor of prostatic car-
cinoma, is hormone dependent [25, 26]. In a multicenter,
randomized, double-blind, placebo-controlled study, risk
of prostate cancer was reduced, compared to placebo, in a
group assigned to receive dutasteride, a 5-alpha reductase
that converts testosterone into dihydrotestosterone, which
is the most active androgen in the prostate (RR reduction
of 22.8%, 95% CI 15.2-29.8) [27]. Regarding the relation-
ship between sex hormones and AS, evidence suggests that
serum levels of adrenal and gonadal androgens are normal
in people with AS [28]. Although the level of sex hormones
may not be related to AS, the impact of sex hormones on
pathogenesis is not yet clear as in prostate cancer. Evidence
[29] of a protective effect of NSAIDs on prostate cancer risk
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has heightened the need for further studies on the common
mechanism of prostate carcinogenesis and AS pathogenesis.
Because NSAIDs are the first line therapy in AS, we expect
a potent mechanism overwhelming the NSAID protective
effect on prostate cancer in AS patients.

Pancreatic cancer is a relatively rare but highly lethal dis-
ease. Most pancreatic cancer patients remain asymptomatic
until an advanced stage. There is no standard screening pro-
gram covering for pancreatic cancer. Several risk factors for
this cancer have been identified such as cigarette smoking
and chronic pancreatitis [30]. However, reliable evidence on
a common mechanism with AS is unavailable yet. The evi-
dence of our study suggests a direction for further research,
although differences in access to medical services may act
as a confounding variable.

Although the results were not significant, we note the
gastrointestinal cancers. The SIRs for gastric cancer (SIR
0.93, 95% CI 0.65-1.21), colorectal cancer (SIR 0.97,
95% CI 0.68-1.25), and biliary cancer (SIR 0.59, 95% CI
0.07-1.11) tended to decrease, while the SIR for esophageal
cancer (SIR 1.52, 95% CI 0.39-2.64) tended to increase.
A high prevalence of inflammatory bowel disease (IBD)
in AS is well established, and IBD is considered to have
genetic and pathophysiologic similarities to AS. We did not
identify the prevalence of IBD in this study, but one study
found that between 5 and 10% of AS cases are associated
with IBD [31]. The increased risk of colorectal cancer with
IBD is well known. A meta-analysis reported a pooled SIR
of 1.7 for colorectal cancer in patients with IBD (95% CI
1.2-2.2) [32]. However, our study observed a trend toward
slightly decreased rather than increased risk of colorectal
cancer. This result could be an effect of NSAIDs, the first
line therapy for AS. Several studies have concluded that
NSAIDs are associated with lowered colorectal cancer risk
[33-35]. Although data regarding NSAIDs for prevention
of cancers other than colorectal are less consistent, NSAIDs
may reduce the risk of gastric cancer and malignancies of
the biliary system [36, 37]. Cancer is a multifactorial dis-
ease, so we cannot explain these trends as only the effect of
NSAIDs. Further study is needed concerning the effects of
NSAIDs.

To our knowledge, this is the first large cohort study on
the malignancy risk of AS patients in Korea. This study is
meaningful because the incidence of cancer varies depend-
ing on geographic location and race/ethnicity. We analyzed
patients with both AS (ICD-10 code M45) and RID codes
(code V140). High reliability was possible with this selec-
tion strategy because patients must meet strict diagnostic
criteria to register in the RID system.

Despite these strengths, a few weaknesses should be
noted. First, although we used stratified random samples
that represent the general male population and calculated
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age-adjusted incidence rates to allow for reasonable com-
parisons, confounding factors could still exist; for exam-
ple, inaccuracy of diagnosis information, possibility of
insufficient sampling for rare cancers and differences in
accessibility to healthcare systems. Due to the nature of
claims data, inaccuracy of diagnosis has been an issue
and could be fatal bias. However, the diagnosis in the
claims data of HIRA tends to be more accurate in cases
of severe disease such as cancers rather than mild dis-
eases [13]. Differences in medical access could influence
the detection rate of cancer, especially for early and rare
cancers. Second, when HIRA provided general popula-
tion samples, prostate and testicular cancer was grouped
to protect patient privacy. Furthermore, the control group
may not have sufficient cases for rare cancers; so, malig-
nancy risk in patients with ankylosing spondylitis could be
over-estimated. Therefore, we had to compare incidence
rates for these cancers in an AS and a control group as
malignancies of the male reproductive system. However,
using data on male AS patients, we showed that the major-
ity of cancers was of the prostate (101 observed cases)
rather than testicular (1 observed case). Third, due to data
characteristics and study design, it was difficult to handle
confounding variables such as disease duration, disease
activity, smoking habits and medications. We cannot rule
out possible effects of these variables on carcinogenesis.
Last, we focused on only male patients because AS is con-
sidered as a male-predominant disease in its incidence and
disease severity [1]. A sex difference also exists in the
incidence of several cancer types. Further study concern-
ing cancer risk in female patients with AS is needed.

In conclusion, male patients with AS had increased
overall cancer risk, especially for pancreatic cancer and
malignancies of the male reproductive system, mainly rep-
resented by prostate cancer. A large, prospective cohort
study is required to confirm the results of this study.
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