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Abstract. Cancer is a multifactorial disease, and imbalances 
of the immune response and sex-associated features are 
considered risk factors for certain types of cancer. The present 
study aimed to assess whether ankylosing spondylitis (AS), 
an immune disorder that predominantly affects young adult 
men, is associated with an increased risk of cancer. Using 
the Taiwan National Health Insurance Research Database, 
a cohort of patients diagnosed with AS between 2000 and 
2008 who had no history of cancer prior to enrollment was 
established (n=5,452). Age- and sex-matched patients without 
AS served as controls (n=21,808). The results revealed that 
the overall incidence of cancer was elevated in patients with 
AS [standardized incidence ratio (SIR), 1.15; 95% confidence 
interval (CI), 1.03-1.27]. AS carried an increased risk of 
hematological malignancy in both sexes, colon cancer in 
females and bone and prostate cancer in males. Young patients 
with AS (≤35 years) and patients with a Charlson comorbidity 
index (CCI) ≥2 experienced a higher incidence of cancer 
(males, SIR 1.92, and 95% CI 1.04-3.26; females, SIR 2.00 
and 95% CI 1.46-5.50). The cancer risk was increased during 
the first 3 years following the diagnosis of AS (SIR 1.49, 95% 

CI 1.29‑1.71), and overall cancer‑free survival was signifi-
cantly decreased in patients with AS patients of both sexes 
(P<0.0001). Therefore, AS was found to be associated with an 
increased risk of cancer. All AS patients must be screened for 
hematological malignancies, for prostate and bone cancer in 
males, and for colon cancer in females, particularly younger 
patients with a CCI ≥2.

Introduction

Ankylosing spondylitis (AS) is a disorder in which an 
abnormal immune response triggers chronic inflammation in 
large joints, particularly at the sacroiliac junction (1). AS is 
a human leucocyte antigen (HLA)-B27-related joint disorder 
that predominantly affects adolescent men and initially 
presents as lower back pain (1,2). More than 90% of Chinese 
AS patients are HLA-B27 positive, with the predominant 
subtype being HLA-B*2704 (3). The axial spine and joints are 
most commonly affected in patients with AS; however, the 
disease also affects the heart, lungs, eyes, and colon, leading 
to complications such as uveitis (4), iridocyclitis (5), osteo-
porosis (6) and inflammatory bowel disease (7). Treatments 
for AS include non‑steroidal anti‑inflammatory drugs, tumor 
necrosis factor-alpha (TNF-α) inhibitors and physiotherapy 
to alleviate joint pain and stiffness. Surgical intervention is 
an option in patients with advanced AS, and the prognosis is 
associated with the disease severity (1).

In addition, cancer is a leading cause of mortality and a 
major public health concern in Taiwan (8). Tumorigenesis is 
a multifactorial process, and chronic inflammation promotes 
the development of cancer. Epidemiological studies have 
revealed that patients with chronic inflammation are at 
increased risk of developing cancer (9,10). Pathologically, 
chemokines, cytokines and prostaglandins are able to shift the 
microenvironment of an organ from a healthy to a dysplastic 
state, which favors malignant changes in affected cells (10). 
Elevated serum interleukin (IL)-1, IL-6, and TNF-α levels 
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trigger inflammatory reactions in patients with spondyloar-
thritis (including AS) (11).

Thus, the potential association between AS and cancer 
is controversial. Furthermore, little is known about whether 
AS in men and women differentially affects the incidence 
of specific cancer types or cancer survival. In this retrospec-
tive cohort study, data from patients with AS and patients  
without AS collected between 2000 and 2008 from the 
Taiwanese National Health Insurance Research Database 
(NHIRD), a national population-based medical database, 
was analyzed. The characteristics, comorbidities, cancer risk 
and cancer-free survival probability of patients with AS were 
compared with those of sex- and age-matched patients without 
AS.

Patients and methods

Data Sources. The National Health Insurance is a single-payer 
system that was created by integrating 13 public insurance 
systems in 1995 to serve all residents of Taiwan. Approximately 
99% of the estimated population of 23.7 million residents 
of Taiwan has been covered by this health-care insurance 
program since 1999 (12). The Taiwan Department of Health 
has authorized the National Health Research Institute (NHRI) 
to manage the claims data of the National Health Insurance 
Research Database (NHIRD). Data in this study were generated 
from records of 1 million insured people that were released by 
the NHRI. Medical records of outpatients and inpatients were 
collected between January 1998 and December 2008, and data 
from each patient was able to be linked to their longitudinal 
medical history using an encrypted unique personal identifier. 
The personal identifications were scrambled to ensure patient 
confidentiality and to prevent unethical use of the claims data. 
The present study confirmed that all the data were de‑identified 
and analyzed anonymously. The study was approved by the 
Taipei Medical University Joint Institutional Review Board 
(TMU-JIRB-201404109).

Study population. In this retrospective cohort study, 
the patients were classified either as having AS or as 
non-AS (Fig. 1). All individuals newly diagnosed with AS 
[International Classification of Disease, Clinical Modification, 
Ninth Revision (ICD-9-CM) codes 720.0 (13)] with at least 
three outpatient visits between 2000 and 2008 recorded in 
their medical records were included. Patients who were diag-
nosed with AS before 2000, were of unknown sex, were aged 
younger than 16 years and were diagnosed with any cancer 
prior to AS were excluded. The individuals without an AS 
diagnosis during the 10 years assessed in the study served as 
controls. For each case, four controls were randomly selected 
among all of the individuals in the sample population who 
were matched by age and sex at the time of AS diagnosis. All 
of the subjects in this study were followed up until a cancer 
diagnosis was made, until the subject was censored due to loss 
to follow-up, insurance termination, mortality or until the end 
of 2008.

As the likelihood for developing cancer may be confounded 
by competing risks, comorbidities that may be associated with 
mortality based on diagnostic codes from outpatient datasets 
identified prior to the outcome of interest were evaluated. 

The other diseases comprised iridocyclitis (ICD9-CM codes 
364.0, 364.01, 364.03, 364.10 and 364.11), inflammatory bowel 
disease (ICD9-CM codes 555 without 560.9, and 556 without 
560.9), osteoporosis (ICD9-CM codes 733.0 to 733.01, 733.02, 
733.03 to 733.09, V72.81 and V17.81) and psoriasis (ICD9-CM 
codes 696.0 to 696.1). The Charlson comorbidities index (CCI) 
was used to score the severity of the comorbidities of patients 
included in this study.

Outcome measurements. Information regarding patients with 
cancer was retrieved from ambulance and admission data-
bases. All subjects who received a cancer diagnosis (ICD9-CM 
codes 140‑208) were confirmed by following up from the first 
diagnosis to their regular treatment. In most cases, patients 
who receive a cancer diagnosis typically undergo regularly 
scheduled treatment such as surgery, radiotherapy, chemo-
therapy and/or drug therapy (2,14-16).

Statistical analysis. The distributions of demographic char-
acteristics, comorbidities and CCI, the incidence of cancer, 
the duration between the diagnosis of AS and cancer and 
the survival probability of the patients with AS and the 
patients without AS were compared; subgroup analyses by 
gender were also conducted. Differences were examined 
using the χ2 test for categorical variables and the t-test for 
continuous variables; differences for which P<0.05 were 
considered to be statistically significant. The standardized 
incidence ratio (SIR) with a 95% confidence interval (CI) 
was used to represent the association between AS and cancer.  
Cancer-free survival probabilities were computed using the 
Kaplan-Meier method, and the difference in survival between 
the AS and non-AS cohorts was tested using the log-rank 
test; a 2-sided probability value of P<0.05 was considered to 
be statistically significant. All data were analyzed using SAS 

Figure 1. A flowchart of the study scheme. AS, ankylosing spondylitis.
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statistical software version 8.2 (SAS Institute Inc., Cary, NC, 
USA).

Results

Demographic characteristics. From 6,475 subjects with AS, 
1,023 patients who did not satisfy the criteria were excluded; 
finally, 5,452 patients were enrolled in this study as cases. 
Therefore, 21,808 subjects without AS were randomly selected 
as controls and were included in further analyses. The baseline 
characteristics of patients are presented in Table I. The mean 
(standard deviation; SD) of the Charlson comorbidity index 
(CCI) was 1.24 (1.48) for the case group and 0.22 (0.59) for 
the control group. The prevalence of other diseases including 
osteoporosis and psoriasis was significantly higher in the case 
group compared with the control group (9.45% vs. 1.38%; 
1.49% vs. 0.21%, respectively).

Age, sex, comorbidities and cancer risks. The risks of 
different types of cancer in patients with AS are listed in 
Table II. The overall risk of cancer was significantly higher 
in the patients with AS than in the patients without AS (SIR 
1.15, 95% CI 1.03-1.27). The AS patients also exhibited 
a greater risk of developing bone cancer (SIR 3.33, 95% 
CI 1.08-7.77), colon cancer (SIR 1.39, 95% CI 1.03-1.82), 
prostate cancer (SIR 1.64, 95% CI 1.04-2.47) or a hemato-
logical malignancy (SIR 2.10, 95% CI 1.32-3.19) than the 
patients without AS. The male patients with AS were more 
likely to develop bone cancer (SIR 6.00, 95% CI 1.23-17.5) 
and/or prostate cancer (SIR 1.64, 95% CI 1.04-2.47) than 
those without AS, whereas female patients with AS had a 
higher risk of developing colon cancer than non-AS patients 
(SIR 1.73, 95% CI 1.19-2.45).

Table III reveals the SIRs for the age of the patient at 
AS diagnosis, the age of the patient at tumor diagnosis, the 
follow-up period and the CCI of patients of each sex who were 
diagnosed with tumors (n=346). The majority of the patients 
with AS (n=200, 57.8%) developed cancer within the 3-year 
follow‑up period. During the first 3 years of follow‑up, the 
risk of developing cancer was higher in patients with AS 
than in patients without AS in both males (SIR 1.43, 95% CI 
1.17-1.74) and females (SIR 1.55, 95% CI 1.25-1.89). The risk 
of cancer was significantly higher in the patients with AS and 
with a CCI ≥2 compared with the patients without AS (CCI 
2‑3: SIR 3.70, 95% CI 3.01‑4.75; CCI ≥3: SIR 11.71, 95% CI 
8.40-15.89).

The effect of AS on cancer‑free survival. The 2000-2008 
cancer-free probabilities of males and females in the two 
cohorts are presented in Fig. 2A and B, respectively. The 
results of the log-rank test revealed that the cancer-free prob-
ability was significantly lower in the patients with AS than 
in the patients without AS in both men (3-year log-rank: 
P=0.0207; 8-year log-rank: P=0.0007; Fig. 2A) and women 
(3-year log-rank: P=0.0004; 8-year log-rank: P<0.0001; 
Fig. 2B).

Among the AS patients who developed cancer, compared 
with matched control patients with cancer, both male (3-year 
log-rank: P=0.0016; 8-year log-rank: P=0.0059) and female 
(3-year log-rank: P=0.0022; 8-year log-rank: P<0.0001) 

patients with cancer with pre-existing AS exhibited an earlier 
onset of cancer development compared with cancer patients 
without AS.

Discussion

The present study aimed to compare the incidence of cancer 
in the male and female AS cohorts to determine whether a sex 
difference exists in the development of certain types of cancer. 
Based on clinical practice and epidemiology, AS is considered 
to be a male-predominant disease (2). Thus, identifying gender 
differences in cancer development may affect treatment poli-
cies for clinical practice.

In this large-scale cohort study, it was demonstrated that the 
male patients with AS experienced an increased risk of bone 
and prostate cancer and hematological malignancies, whereas 
the female patients with AS had an increased risk of colon 
cancer and hematological malignancies. Baecklund et al (17) 
reported that chronic inflammatory activity within the joints 
of patients with rheumatoid arthritis increased the risk of 
lymphoma. The elevation of serum proinflammatory cytokines 
such as IL-1, TNF-α, and IFN-γ in patients with AS has been 
postulated to induce the proliferation of CD4+ T cells (11,18). 
The presence of inflammation in patients with AS may 
explain their risk of developing hematological malignancies. 
For those AS patients treated with TNF inhibitors (TNFi), 
Mariette et al (19) revealed that TNFi therapy does not affect 
the overall risk of cancer development in patients with inflam-
matory arthritis (including those with AS) in a study involving 
a systematic review and large-scale meta-analysis. However, 
TNFi therapy appears to increase the risk of skin cancer (19). 
Raaschou et al (20) demonstrated in a nationwide cohort study 
that TNFi therapy has no association with the risk of breast 
cancer recurrence in patients with inflammatory arthritis. In 
the current study, only 5 of 5452 patients with AS developed 
skin cancer, and the TNFi factor was not able to be interpreted 
based on those patients. Furthermore, a genetic linkage to 
HLA-B27 has been demonstrated to increase the risk of devel-
oping hematological malignancies in patients with AS (21,22). 
An exposure to therapeutic X-rays is considered to increase the 
risk of hematological cancer in a dose-dependent manner. In 
the 1950s, radium-224 radiation therapy was used to treat AS; 
the use of radiation therapy was later found to be associated 
with the likelihood of developing myeloid leukemia (22,23). 
Thus, the hematological malignancies observed in this study 
may be a sequela of radiation therapy.

The present study observed that male patients with AS had 
a significantly increased risk of bone cancer. AS is a chronic 
inflammatory disease that affects the interface between carti-
lage and the mineral plate space. Inflammation surrounding 
the bone may promote the formation of bone tumors. 
Osteosarcoma and AS predominantly affect young men (24). 
However, due to the limited number of patients with bone 
cancer, additional investigations with a larger number of cases 
are required to arrive at a more robust conclusion regarding 
the impact of AS on bone cancer-free survival.

Regarding prostate cancer, clinical observations have 
revealed that serum androgen levels are highly correlated with 
the incidence of prostate cancer. In certain studies, serum 
androgen levels were higher in patients with AS compared with 
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the healthy population (25,26). Thus, the effect of androgen 
levels on the incidence of cancer and the potential underlying 
mechanism by which androgen production affects patients 
with AS must be further investigated.

Three decades ago, Alcalay et al (27) reported that the 
HLA-B27 antigen, which has a strong genetic correlation with 
AS, may act as a carcinogen in colorectal cancer. Additionally, 
patients with active AS frequently exhibit decreased bone 
mineral density (28). In this study, the percentage of female 
patients with AS who also had osteoporosis was significantly 
higher than the percentage of male patients with AS or 
patients without AS who had osteoporosis; osteoporosis may 
therefore increase the risk of colon cancer in female patients 
with AS. The pathological persistent activation of the 
immune system by AS triggers immunoglobulin (Ig)A and 
IgM secretion from the jejunum (29). Inflammatory bowel 
disease, a disease that shares a complex mixture of genetic 
and immunological factors with AS, often occurs in patients 
with AS (30). Circulating colitogenic memory CD4+ T cells 
alter the microenvironment of the gastrointestinal tract; 
the immune response in the gut perceives these cells as  
belonging to benign T-cell leukemia-like tumors (30). 
Conversely, the use of non-steroidal anti-inflammatory 
drugs is associated with a reduced risk of colorectal cancer 
and inflammatory bowel disease (18,31), supporting the 
hypothesis that activated CD4+ T cells in patients with AS 
contribute to the formation and progression of gastrointes-
tinal malignancies.

Furthermore, in the present study, the overall 3- and 8-year 
cancer-free probabilities in patients with AS of both sexes were 
significantly lower than in those without AS. Furthermore, in 
patients with AS who developed cancer during the follow-up 
period, the 3- and 8-year cancer-free probabilities were 
markedly reduced compared with those in cancer-developing 
populations who did not have AS. The current data suggest 
that AS promotes the development of cancer in young adults. 
Both male and female patients with AS who were younger 
than 55 years had a higher risk of developing cancer than those 
who were older. Notably, most malignancies were diagnosed 

during the first 3 years following the diagnosis of AS, and a 
CCI of ≥2 significantly increased the risk of cancer in patients 
with AS (Table III). These observations suggest that both AS 
and severe comorbidities accelerate tumorigenesis.

In another study, Feltelius et al (15) concluded that AS 
does not affect the overall cancer risk in Sweden. In previous 
studies reported by Hemminki et al AS patients in Sweden 
showed an increased risk for multiple myeloma (32), a 
decreased risk for digestive tract cancer (33), and no altered 
risk for non-Hodgkin lymphoma (34). In female cancer 
types of the breast, uterus, ovary and other genital organs, 
a low SIR in female patients with AS was noted (35). In the 
current study, AS increased the overall risk for hematological 
malignancies. In addition, a significant difference was not 
identified in the risk of female cancer (breast cancer and 
cancer involving the female genital system) in patients with 
AS, indicating that a racial difference between Caucasian 
and Chinese patients is likely a primary factor regulating 
cancer risk among patients with AS. Using a Cox propor-
tional hazards regression model, Sun et al (36) reported that 
patients with AS had an increased cancer incidence, but a 
potential sex difference was not confirmed. The results from 
the cancer type subgroupings in the present study differed 
from those reported by Sun et al (36). Additionally, a longer 
recruitment period and a larger number of patients compared 
with Sun et al were used in the current study, indicating that 
the results from the present study are more representative of 
the true prevalence in Taiwan.

The strengths of the present study include the large 
sample size and the lengthy follow-up period. However, there 
were specific limitations. In this cohort study, bias may have 
resulted from the fact that 1% of the Taiwanese population is 
not included in the NHIRD. Information on disease severity, 
biochemical test results, the levels of circulating chemokines, 
the level of medical attention, the socioeconomic status of 
subjects and the HLA characteristics of the patients with AS 
are not reported in the database. For an extremely rare cancer, 
an increase in the number of new cases of that cancer will 
affect the outcome of the data analysis. However, despite these 

Figure 2. Cancer‑free probability in males and females. (A) Ankylosing spondylitis significantly reduced the overall 3‑ and 8‑year cancer‑free probabilities in 
males. (B) Ankylosing spondylitis significantly reduced the overall 3‑ and 8‑year cancer‑free probabilities in females.
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limitations, our study provides evidence of cancer risks and sex 
differences among patients with AS. A large-scale, elaborate, 
prospective cohort study is required to confirm these findings 
and strengthen these hypotheses.

In conclusion, AS in combination with severe comorbidi-
ties is a risk factor for the development of cancer in males and 
females. Tumor screening during the first 3 years following the 
diagnosis of AS provides a chance for early detection of hema-
tological malignancies in males and females, prostate cancer 
in males, and colon cancer in females; young patients with AS 
and patients with a CCI value ≥2 are particularly at risk. Due 
to the tendency to develop cancer and sex differences, cancer 
screening in patients with AS is encouraged in clinical practice.
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