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Ankylosing spondylitis (AS) is a chronic systemic inflammatory

disorder of the axial skeleton. Although this disorder

has an overall prevalence of 0.04–0.9%, men are more

affected than women (1–3). The aetiology of AS remains

unclear but is known to involve the interaction of genetic

and environmental factors. Immune mechanisms probably

play a key role in its pathophysiology, and AS is thought to

be type of autoimmune diseases (4–7). Researchers have

investigated the association between cancer and autoimmune

diseases for several years, and various reports have

suggested an increased cancer risk in some autoimmune

diseases (7–10). The role of chronic inflammation in the

development of cancer has also been a well-studied topic in

epidemiological and experimental studies (10–13).

Many AS patients are relatively young, and this has

aroused major socioeconomic interest (14). The clinical

features of AS, including the anatomical distribution of the

arthritis, type of joint ossification, extra-articular manifestations,

and sex distribution, differ from those of

rheumatoid arthritis (15). This implies that the suggested

positive association between rheumatoid arthritis and cancermay

not appear in patients withAS. Several researchers

have studied the increased cancer risk in patients with AS

subjected to radiation treatment (16, 17). However, few

studies have focused on the possible relationship between

AS itself and malignancy (15, 18, 19). To clarify this issue,

we conducted a large population-based retrospective cohort

study to investigate the relationship between AS and

subsequent cancer risk in Taiwanese patients. The extended

sample in this study also includes patients with other

inflammatory spondyloarthritis. The original database

was derived from the National Health Insurance (NHI)

system in Taiwan.

Method

Data sources

The Taiwan NHI programme has provided compulsory

universal health insurance in Taiwan since 1995. The

Taiwan National Health Research Institute (NHRI) manages the Taiwan NHI research database (NHIRD),

and releases data for research purposes. The NHIRD

includes complete outpatient visits, hospital admissions,

prescriptions, and disease status for nearly 99% of

Taiwan’s 23.74 million citizens. The details of the

NHIRD have been described in a previous study (20).

The data analysed in this study included claims of

1 million beneficiaries randomly selected from all insurants

in 2000. The data from these beneficiaries in the

NHRID are representative of the entire population

because the NHRI reports no statistically significant

differences in the distributions of age, sex, or health

care expenditures between the subset of the NHIRD

and all enrollees. We also used the catastrophic illness

certificate database to identify cancer patients. This

database consists of catastrophic illness certificates

issued for cancer, histological, or cytological evidence

of such disease. We confirm that all data were deidentified

and analysed anonymously. This study was

approved by the Ethics Review Board at China Medical

University (CMU-REC-101-012).

Study subjects

Weidentified newly diagnosed AS and other inflammatory

spondyloarthritis patients in the claims database between

2000 and 2005 using the International Classification of

Disease, Ninth Revision, Clinical Modification (ICD-9-

CM) code 720. Patients were excluded if they had a diagnosis

of a malignant tumour (ICD-9-CM 140-208) before

the index date. Based on the same exclusion criteria, the

non-AS control persons were 4.1 frequency matched with

sex, age, and entry year to the case group. We analysed

data from 20 665 people.

Comorbidities and end-point

We recorded major comorbidities such as hypertension

(ICD-9-CM 401–405), diabetes mellitus (ICD-9-CM

250), hyperlipidaemia (ICD-9-CM 272), ischaemic heart

disease (ICD-9-CM 410–414), chronic obstructive pulmonary

disease (ICD-9-CM 496), asthma (ICD-9-CM

493), and stroke (ICD-9-CM 430–438) at baseline.

Because the NHIRD lacked smoking data, we used

smoking-associated diseases (such as chronic obstructive

pulmonary disease and asthma) instead of smoking

in the analyses; a similar method has been used by

others (21).

Both the AS patient cohort and the comparison cohort

were followed from the date of enrolment to the end of

2010, and upon diagnosis of cancer. The follow-up time

(in person-years) was calculated for each person until the

cancer was diagnosed or censored. The date of censoring

was defined as the date the study patient died during the

follow-up period, the date of last withdrawal from the

NHI, or the date of follow-up termination.

Statistical analysis

We compared the differences in categorical variables

between two groups, such as age, sex, and comorbidities,

using χ2 tests. Using the same variables, we also calculated

the incidence density with person-years in the study

cohort and comparison cohort. We calculated the incidence

rate (IR) of cancer for each variable, and performed

a Cox proportional hazards regression analysis to evaluate

the risk of developing cancer in AS patients. We

estimated the cumulative IR using the Kaplan-Meier

method, and used the log-rank test to investigate the

differences in the risk of cancer between two cohorts.

We performed all analyses using SAS version 9.2

for Windows (SAS Institute Inc, Cary, NC, USA).

A two-tailed p-value < 0.05 was considered statistically

significant.

Results

Table 1 shows the demographic characteristics and medical

comorbidities of the AS and non-AS cohorts. We

found no significant difference in age and sex between

the two cohorts. The AS patients had a higher proportion

of hypertension (27.6% vs. 22.7%, p < 0.0001), diabetes

(18.4% vs. 13.0%, p < 0.0001), hyperlipidaemia (9.17%

vs. 7.83%, p = 0.005), ischaemic heart disease (15.9% vs.

10.4%, p < 0.0001), chronic obstructive pulmonary disease

(29.6% vs. 20.8%, p < 0.0001), and asthma (6.02%

vs. 4.21%, p < 0.0001) compared to the non-AS patients.

Table 2 shows the incidence rates (IRs) and hazard

ratios (HRs) of AS-associated cancer based on sociodemographic

status. The follow-up results show a higher

cancer incidence in the AS cohort than in the non-AS

cohort [7.02 vs. 5.20 per 1000 person-years; adjusted HR 1.35, 95% confidence interval (CI) 1.16–1.57 after controlling

for age, gender, hypertension, hyperlipidaemia,

and diabetes; HR 1.38, 95% CI 1.18–1.60 after controlling

for age, gender, hypertension, hyperlipidaemia,

diabetes, ischaemic heart disease, asthma, and chronic

obstructive pulmonary disease]. Kaplan-Meier analysis

showed that a significant difference in the cumulative

cancer IR between the two cohorts (log-rank test

p < 0.0001) (Figure 1).

Table 2 also shows the sex- and age-stratification analysis

of the risk for AS-associated cancer. Compared to

patients without AS, the risk of cancer in male and female

AS patients was 1.39 (95% CI 1.13–1.72) and 1.37 (95%

CI 1.10–1.70), respectively, after controlling for age,

gender, hypertension, hyperlipidaemia, diabetes, ischaemic

heart disease, asthma, and chronic obstructive

pulmonary disease. Compared to non-AS patients aged

50–64 years, the HR for cancer was significantly higher in

AS patients (1.48, 95% CI 1.16–1.88).

Table 3 shows further cancer-specific analyses based on

Cox proportional regression models. When using the non-

AS comparison group as a reference group, the HRs for the

AS cohort were significantly higher for head and neck

cancer (1.93, 95% CI 1.19–3.15) and lung cancer (1.63,

95% CI 1.10–2.40) after controlling for age, gender, hypertension,

hyperlipidaemia, and diabetes. After adding adjustment

for ischaemic heart disease, asthma, and chronic

obstructive pulmonary disease, a significantly higher risk

was found in head and neck cancer (HR 1.97, 95% CI 1.20–

3.22) and lung cancer (HR 1.63, 95% CI 1.10–2.40), and a

marginally significantly higher risk in liver cancer (HR

1.59, 95% CI 1.01–2.49), bladder cancer (HR 2.41, 95%

CI 1.00–5.81), and uterine cancer (HR 3.22, 95% CI 1.01–

10.2). The risk of haematopoietic malignancy was also

higher in the AS group but the differencewas not significant

(HR 1.52, 95% CI 0.79–2.93).

Discussion

The main finding of this population-based cohort study is

that a significantly increased risk for subsequent development

of overall cancer was observed for the AS patients

aged between 50 and 64 years. Site-specific analysis

revealed that lung cancer and head and neck cancer risks

were significantly higher. A marginally significantly

higher risk was noted in liver cancer, bladder cancer,

and uterine cancer by adding adjustment for smokingassociated

diseases. Although we also found a higher

risk of haematopoietic malignancy, the difference was

not statistically significant. Following cardiovascular disease, cancer is the second

leading cause of death in the USA. According to data

from the Surveillance, Epidemiology, and End Results

(SEER) 13 cancer registries, the overall IRs in the 5 years

from 2004 to 2008 decreased by 0.1% per year (22). The

trend, however, is reversed in Taiwan, where the ageadjusted

IR has increased steadily, reaching 276 new

cases per 100 000 people in 2008 (23). Cancer has been

the leading cause of death in Taiwan for almost three

decades. This issue remains a serious challenge for the

public health system in Taiwan, and consequently the

government has promoted a population-based investigation

into cancer epidemiology and prevention. The

Taiwan NHI programme is a good resource providing

valuable materials with which to approach populationbased

studies. Our research team previously used the

NHIRD to evaluate the risk of malignancy for patients

with systemic lupus erythematosus (SLE). We found that

Taiwanese patients with SLE have a marginally significantly

higher overall risk of developing cancer (24).

These results motivated us to explore the possible association

between other immune-mediated disorders and

cancer. Because AS is not uncommon, any significant

finding on this topic may have a significant effect on

public health. Therefore, this study adopts a similar

design in an attempt to identify the relationship between

AS and the subsequent cancer risk.

AS is thought to be an immune-mediated disorder

mediated by a complex interaction between a person’s

genetics and as yet unidentified environmental insults

(4), but it is still controversial to include it in the group of

autoimmune diseases (5). An association between autoimmune

diseases and a higher risk of developing cancer

has long been suspected, and scientists have recently

confirmed this relationship. Landgren et al found that

a history of autoimmune diseases with localized

alimentary tract effects generally increases cancer risk

in the organ(s) affected by autoimmune diseases.

Conversely, autoimmune diseases without localized alimentary

tract effects are not generally associated with

alimentary tract cancer risk (7). Hemminki et al also

discovered increased risks of cancer in patients with

several autoimmune diseases (8). These various effects

on cancer risk may be attributable to chronic inflammation

and the medications administered (10). The wellknown

autoimmune diseases that are probably cancer

related include rheumatic arthritis, Sjögren’s syndrome,

SLE, scleroderma/systemic sclerosis, myasthenia

gravis, and ulcerative colitis (7–12).

Research on the relationship between AS and cancer

mostly focuses on radium (Ra)-224 treatment-induced

malignancies, and relatively little is known about the cancer

risk of AS itself (16, 17, 25). Wick et al found significantly

higher risks of kidney cancer, thyroid cancer,

and leukaemia in AS patients with Ra-224 treatment (16).

Feltelius et al conducted a population-based cohort study

to evaluate the cancer incidence among patients with AS in

Sweden, and found that unspecified kidney cancer was

more common, and rectal cancer less common (18). The

decay products of Ra-224 can accumulate in the liver,

kidney, spleen, and eye (26). Weiss et al suggested that

repeated therapeutic X-ray examinations increase the risk

of kidney cancer (25). Both concerns may partially explain

why more incidences of kidney cancer emerged than were

expected in their exposure groups. Some studies also

reported that more bladder cancer cases were found in

AS patients (25, 27). The results of the current study do

not show any significant change for kidney cancer, thyroid

cancer, or haematopoietic malignancies. This may be

attributed to the relatively small number of cases examined,

which weakens the statistical power of detecting any

significant difference. However, we did find a 59% higher risk in liver cancer and a 141% higher risk in bladder

cancer by adding an adjustment for smoking-associated

diseases, and both were marginally significant.

The population-based cohort study by Feltelius et al

showed no overall increase in cancer risk among AS

patients (18). This conflicts with our current results,

which show that the AS cohort is associated with a 1.35

times (model 1 adjustment) or 1.38 times (model 2 adjustment)

greater risk for overall cancer compared to the

control group. This phenomenon held true even when

we analysed males and females separately. Different

study designs in statistical methodology may partially

contribute to this discrepancy. Instead of the previously

used standardized incidence ratio (SIR), we used the HR

to represent the data. The strength of this design is that it

clearly divides the study sample into with-exposure (AS)

and without-exposure (non-AS) groups, and we used the

group of non-AS as the reference to compare. By contrast,

SIR is calculated as the ratio of observed to expected

cancer cases. The general population used for comparison

could include the AS patients as well; however, the percentage

is probably too small to affect the result. Figure 1

shows that the risk becomes more pronounced over time,

implying that a causal association may exist.

Our data reveal that the significantly increased risk for

cancer was observed for the patients aged between 50

and 64 years, but for the 35–49-year and _ 65-year age

groups, the higher risks are marginally statistically significant.

The difference in the younger patients aged

< 35 years is not obvious, and cancer is not common in

that age group, with a relatively small case number

possibly contributing to the finding. The results of this

study also show significantly higher risks in lung cancer

and head and neck cancer. To the best of our knowledge,

no such findings have been reported previously. We

speculated that repeated irradiation exposure to frequent

diagnostic X-ray examinations of the thoracic spine in

AS patients may have contributed to the finding of more

lung cancer cases than expected. For head and neck cancer,

we do not know how to interpret this unexpected finding.

The one plausible scientific rationale behind the potential

association is that chronic inflammation is amajor factor in

both AS and head and neck cancer (5, 10). For uterine

cancer, we cannot determine the reason for the marginally

significantly higher risk. These undetermined complex

mechanisms between the relationship of AS and sitespecific

cancer remain to be explored.

The strength of this study is its population-based

design, which has good generalizability. However, several

limitations should be considered in the interpretation

of these results. First, the NHIRD does not include the

self-payment treatment information of AS patients, making

it impossible to evaluate the effects of self-payment

treatments on outcomes. Anti-tumour necrosis factor

(TNF)-α or radiation therapy is not the standard therapeutic

procedure commonly used in Taiwan. Therefore, in the

study subjects, none of the AS patients had ever been

treated with anti-TNF-α or radiation therapy in the

NHIRD. Second, information regarding the lifestyle or

behaviour of patients is also lacking in the NHIRD, preventing

us from adjusting for health behaviour-related

factors such as smoking and alcohol consumption, which

are well-recognized risk factors for some types of cancer.

However, no known direct evidence has linked any recognized

host/environmental risk factors to AS (28), although

smoking was found to be an independent predictor of

rheumatoid arthritis and moderate alcohol consumption

may be associated with a reduced risk of rheumatoid

arthritis (29). AS patients may be assumed to smoke

more than the controls due to pain or stress, and this may

confound our results. To minimize the influence from

smoking, we also adjusted for smoking-associated diseases

in the analyses. The results are similar to those without

adjustment for smoking-associated diseases, implying that

the burden of risk is independent of smoking history.

Third, the evidence derived from a cohort study is generally

of a lower methodological quality than that from

randomized trials. This is because a cohort study design

is subject to many biases related to adjustment for confounders.

Despite our meticulous study design with adequate

control of confounding factors, a key limitation was

that bias could still remain because of possible unmeasured

or unknown confounders. However, the data we obtained

on AS and cancer diagnoses were highly reliable.

In conclusion, this population-based retrospective

cohort study indicates that AS patients have a higher risk

of overall cancer, especially for the 50–64-year age group.

Higher risks are also suggested for some individual types

of cancer. Immune mechanisms, chronic inflammation,

and diagnostic/treatment effects may account for this

observation. Some uncontrolled biases may confound our

results, and further large-scale, well-controlled prospective

studies are warranted to support these findings. 
