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Calcitonin is a protein hormone secreted in humans primarily

by thyroid C cells and has been found in fish,

reptiles, birds, and mammals. Calcitonin-salmon, a synthetic

hormone, primarily inhibits osteoclast function and

is used for treating postmenopausal osteoporosis, hypercalcemia,

Paget’s disease, bone metastases, and phantom

limb pain (1–3). According to the U.S. Food and Drug

Administration (FDA), calcitonin-salmon was initially approved

in 1975 for treating Paget’s disease of the bone. An

indication for treating postmenopausal osteoporosis was

added to the labeling in 1984 (4). Calcitonin-salmon is

available in 2 nasal sprays (Miacalcin and Fortical) and in one injectable formulation (Miacalcin Injection) for treating

osteoporosis (5, 6). However, a new cancer concern

arose from the results of an unpublished meta-analysis of

Miacalcin nasal spray, in which the risk of any cancer was

determined to be significantly greater in patients who used

the drug than in those administered a placebo (7). A panel

of advisers to the FDA assessed the risks and benefits of

using the drug and concluded that women should no longer

use calcitonin-salmon nasal spray (CNS) for treating

postmenopausal osteoporosis (4, 5). However, as of September

2013, neither the FDA nor the European Medicines

Agency has implemented a committee recommendation,

and CNS can continue to be marketed for

postmenopausal osteoporosis (8). However, Health Canada

withdrew all syntheticCNSproducts from the market,

effective October 1, 2013 (9). The Taiwan FDA also decided

to withdraw all CNS products, beginning on December

1, 2013 (10).

Regardless of the decisions to withdraw CNS products

from the market, they have been widely used globally; a

small hazard to benefit ratio could have crucial clinical

implications, which would be of interest to both the public

and medical profession. A large population-based study

might help clarify concerns about the cancer risk of using

CNS. We conducted a study to explore this concern by

accessing the database of the National Health Insurance

(NHI) system of Taiwan.

Materials and Methods

The NHI Research Database (NHIRD) comprises the Longitudinal

Health Insurance Database 2000 (LHID2000) and the Catastrophic

Illness Patients Registry (CIPR). TheNHIRDwas constructed

based on the Taiwan NHI program, covering over 99%

of the inhabitants in Taiwan (11). The LHID2000 includes 1

million insurants who were randomly selected from the 2000

registry in the program, encompassing medical claims and insurant

information from 1996 to 2011. Verification of cancer

diagnosis in the CIPR was based on histology through a needle

biopsy or at least 2 typical radiological image examinations that

involved using ultrasound, contrast-enhanced dynamic computed

tomography, or magnetic resonance imaging. The International

Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM) was used to identify diseases in the

NHIRD. According to the Personal Information Protection Act,

the insurant identification information was recoded, which required

encrypting it before sending it to the researcher. This

study was approved by the Institutional Review Board of China

Medical University Hospital.

We selected 30 597 patients with newly diagnosed osteoporosis

(ICD-9-CM code 733.0) from 2000 to 2011 as the osteoporosis

cohort from the LHID2000. Osteoporosis patients with

a cancer history (ICD-9-CM codes 140–208) in the CIPR or who

were treated with osteoporosis medications before the osteoporosis

diagnosis were excluded. Patients who developed cancer

after osteoporosis diagnosis were defined as the cancer group,

and the date for cancer diagnosis was the entry date (n _ 1925).

Controls were randomly selected from the patients in the osteoporosis

cohort who did not develop cancer, which were randomly

assigned on the same entry date as cases. Two controls

were frequency-matched according to age, sex, comorbidity, index-

year, and osteoporosis-year (Figure 1). The comorbidities

considered in this study included hypertension (ICD-9-CM

codes 401–405), diabetes (ICD-9-CM code 250), and hyperlipidemia

(ICD-9-CM code 272), which were defined before the

entry date.

The distribution comparison between the 2 groups entailed

using the _2 test and t test for the categorical variable and continuous

variable, respectively. Logistic regression was used to

assess the odds ratios (ORs) and 95% confidence intervals (CIs)

for cancer patients receivingCNScompared with cancer patients

without CNS treatment. Patients who first received CNS at least

1 year before the entry date were defined as CNS users. We

estimated the risks of various types of cancer compared with

patients without CNS treatment according to sex and assessed

the association between developed cancer and the defined daily

dose (DDD) of CNS. All statistical analyses involved using the

SAS version 9.3 (SAS Institute), and the significance level was set

at P _. 05 by using a 2-tailed test.

Results

In this study, we collected 5652 patients, 1925 in the cancer

group and 3727 in the control group. Women were the

majority (70.4% vs 29.6%), and the mean age was 71.6

years (SD _ 11.0) in the cancer group. Because controls

were matched with cases by comorbidity, no significant

difference was observed in the distribution of hypertension,

hyperlipidemia, and diabetes between the 2 groups

(Table 1). Fewer patients received CNS in the case group

than in the control group, but the difference was nonsignificant

(6.81% vs 7.46%). Compared with patients with- outCNStreatment,femaleCNSusers exhibitedahigher liver

cancer risk (OR _ 1.94, 95% CI _ 1.23–3.05) and a lower

breast cancer risk (OR _ 0.35, 95% CI _ 0.15–0.80); a

marginally significantly higher risk for lung cancer was also

observed (OR _ 1.65, 95% CI _ 0.99–2.71) (Table 2).

Among the men, no significant differences existed in cancer

between patients with and without CNS treatment.

Table 3 presents the association between cancer and

DDD per month for CNS use. The only significantly

higher risk of lung cancer was in higher DDD users (_14

DDD), compared with patients who did not receive CNS

(OR _ 2.04, 95% CI _ 1.21–3.44), and without concurrent

bisphosphonate treatment (Table 3). For liver cancer,

a significantly higher risk was observed only in higher

DDD users compared with those without CNS treatment

(OR _ 1.81, 95% CI _ 1.04–3.14). Among the women,

the risk of lung cancer in the CNS users increased from

0.94 to 2.53 with increased DDD, and the risk of liver

cancer in the CNS users increased from 1.45 to 2.53 with

increasedDDD(trend P_.05) (Table 4). For women who

did not use bisphosphonates concurrently, the risk of liver

cancer significantly increased with increased DDD.

Discussion

This population-based nested case-control study revealed

that women with osteoporosis and taking CNS exhibited

significantly higher risks of subsequent liver cancer development,

compared with the controls; by contrast, it decreased

the risk of breast cancer. We also observed a doseresponse

relationship between DDD and liver cancer risk.

The Taiwan NHI program is an effective resource for

providing valuable materials with which to approach population-

based studies.Weused it to conduct a nested casecontrol

study and found that using 5_-reductase inhibitors

did not decrease prostate cancer risk in patients with

benign prostate hyperplasia (12). Because of the controversy

regarding the cancer risk of CNS use, and because

currently available data are based on studies that have

used low-quality cancer assessment methods (8), we applied

a similar nested case-control design to identify the

relationship between CNS and the risk of cancer.

Calcitonin is a hormone that occurs naturally in the

human body, binds to the calcitonin receptor (found primarily

in the osteoclast membrane), and subsequently en- hances the production of vitamin D-producing enzymes

(25-hydroxyvitamin D-24-hydroxylase), thereby increasing

calcium retention and enhancing bone density (13, 14).

Calcitonin-salmon is a man-made version of the calcitonin

hormone that is found in salmon. The hormone is similar

to human calcitonin in numerous aspects, but is longeracting

and approximately 40 to 50 times more potent than

human calcitonin (15). Calcitonin has been considered to

exert no severe adverse effects or toxicity in treating osteoporosis

(16). The most common side effects of CNS

include nasal symptoms, back pain, arthralgia, and headache

(17).

The results of an unpublished meta-analysis included

18 studies of CNS in which the risk of any cancer was 1.54

times greater (95% CI_1.06–2.23) in patients who used

the drug compared with controls (7). Overman et al (8)

performed an evidence review and commented that current

evidence might suggest an association between CNS

use and cancer incidence, but most of the studies used

low-quality methods to assess new cancer cases. The panel

of advisers to the FDA voted 12 to 9 that the benefit of

calcitonin-salmon products in treating bone thinning associated

with osteoporosis is outweighed by a potential

increase in the risk of cancer; however, the FDA’s final

approval is still pending.

In this study, we excluded osteoporosis patients who

had taken bisphosphonates from the initial case selection

because previous studies have revealed that bisphosphonates

might affect subsequent increased or decreased risk

of cancer development (18–20). To avoid the coincidence effect or that of preexisting cancers in CNS users, we defined

our exposure group as having at least 1 year of CNS

use before cancer diagnosis.Weobserved that the primary

significant findings of CNS effect were limited to women,

and the intrinsic sex difference in osteoporosis prevalence,

which resulted in more women participants being in our

study and a larger sample size, is more likely to reflect the

statistically significant difference and might partially explain

this phenomenon (21). Women with osteoporosis

taking CNS had a significantly higher risk of subsequent

liver cancer. This group of participants was also at a marginally

significantly higher risk of lung cancer(OR_1.65,

95% CI _ 0.99–2.71). The plausible mechanisms accounting

for these findings remain undetermined. The

liver is one of the main organs that metabolize calcitonin

(22) and is rich in calcitonin receptors (23). The effect of

CNSon hepatic drug metabolism might interfere with possible

carcinogenesis (24); however, these interpretations

are based on assumptions. Adverse reactions in the liver

(eg, hepatitis) and lung (eg, bronchitis and pneumonitis)

have also been reported to be induced by CNS (17). We

hypothesized that the nasal route might increase the drug

concentration in the lungs and subsequently increase lung

toxicity, thereby leading to the development of certain

diseases including neoplasm. The association between

CNS and liver or lung cancer risk is limited to higher-dose

users. Further analysis of monthly CNS dosages might

imply a dose-response relationship. To eliminate the possible

confounding effects of concurrently using bisphosphonates,

we stratified the analyses based on the concurrent

use or not of bisphosphonates and observed thatCNS

alone yielded significant results (Tables 3 and 4).

We unexpectedly found that CNS users exhibited a

lower risk of breast cancer. The reason for this phenomenon

remains unclear. Studies suggest that vitamin D

might reduce the incidence of breast cancer (25–27). In a

meta-analysis, Wang et al (25) reviewed 14 articles that

included 9110 breast cancer cases and 16 244 controls.

Overall, serum 25-hydroxyvitaminDlevels were inversely

significantly associated with breast cancer risk (relative

risk _ 0.845, 95% CI _ 0.750–0.951). A large case-control

study also strongly suggests a protective effect for

postmenopausal breast cancer through a more abundant

vitamin D supply, as characterized by serum 25-hydroxyvitamin

D measurement (26). Calcitonin can enhance

the production of vitamin D-producing enzymes

(13). The findings from these studies might partially explain

the possible association between CNS and lower

breast cancer incidence observed in the current study. It

has been demonstrated that cell proliferation is inhibited

when human breast cancer T47D cells are treated with

calcitonin (28). In addition, hormone therapy is considered

effective for preventing postmenopausal osteoporosis

(29), and Anderson et al (30) found that conjugated equine

estrogen decreased breast cancer risk in postmenopausal

women who had undergone a hysterectomy. We speculated

that the women in our study with osteoporosis and

receiving CNS were also more likely to take estrogen.

However, because of the relatively small number of breast

cancer patients taking CNS, further analysis to evaluate

the possible effects of estrogen in the association between

CNSand breast cancer risk was impossible.Asafety signal

suggested a possible link between calcitonin use and prostate

cancer (8), but our data did not support it.

This study demonstrates the strength of a populationbased

nationwide source based on its generalizability. The

randomized clinical trials of the CNS meta-analysis that

Novartis (7) and Overman et al (8) used were typically

confined to specific treatment populations, and their findings

might not be generalizable to a general population

that uses the drug (7, 8, 31). By contrast, certain limitations

of this study must be addressed. First, information

regarding the lifestyle or behavior of patients is unavailable

in the NHI database, making it impossible to adjust

for health-behavior–related factors such as smoking and

alcohol consumption. These unhealthy habits can increase

the risk of cancer (32); however, the relationship between

health behaviors andCNSuse remains undetermined. Second,

the evidence derived from a case-control study is generally

of a lower methodological quality than that from

randomized trials because a case-control study design is

subject to several biases related to adjusting for confounding

effects. Our nested case-control study was prospective

and avoided numerous biases in selection and recall that

are common in retrospective case-control studies. Despite

our meticulous study design with control of confounding

factors, a key limitation was that biases might still have

existed because of possible unmeasured or unknown residual

confounders. However, the data that we obtained

on CNS use regarding osteoporosis patients and cancer

diagnoses were highly reliable.

In conclusion, this population-based nested case-control

study revealed that CNS might be related to certain

types of cancer risk, although a statistically significant

relationship was demonstrated only in the subgroup analyses

(women, and those with liver, breast, or lung cancer).

The possible underlying mechanisms require further examination,

and our data do not completely support the

decision to discontinue using CNS in osteoporosis patients.

However, using CNS for treating osteoporosis has

been controversial since the PROOF trial of CNS vs a

placebo was published in 2000 (33). We encourage physicians

to consider discontinuing the clinical use of CNS in

osteoporosis patients until theFDAmakes a final decision. 
