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Abstract
Summary We used Danish registers to identify patients with
osteoporosis, who had been treated with parathyroid hormone
and evaluated the probability of developing cancer. We did not
find an increased risk of cancer among the patients treated
with parathyroid hormone.
Introduction We evaluated the incidences of malignancies
and mortality in osteoporotic patients treated with rPTH.
Methods Using Danish nationwide registers, we identified
patients diagnosed with osteoporosis in the period 1995
through 2010. Each patient treated with rPTH (“case”) was
compared with 10 gender- and age-matched patients who did
also have osteoporosis but did not receive rPTH (“control”).
Results A total of 4,104 cases (80.3 % females) were identi-
fied. The mean age at the beginning of rPTH treatment was
70.9 (SD 9.7) years. During a follow-up time of 10,118 per-
son-years for the cases and 88,005 person-years for the con-
trols, a total of 255 cases (6.2 %) compared with 2,103
controls (5.1 %) experienced a cancer (Chi square,
p=0.003). We found an adjusted cancer related HR of 1.1
(95 %CI 0.9–1.4) among the cases. Lung cancer was the only
cancer type with a significantly increased rate among patients
receiving rPTH (HR 1.7; 95 % CI 1.3–2.3). No cases devel-
oped osteosarcomas and nine controls developed osteosarco-
ma. During follow-up, 627 (15.3 %) cases died and 4,175
(10.2 %) controls died, which yielded an excess mortality risk
of 26 % (95 % CI 16–37 %). This could be due to differences
in the prevalence of vertebral fractures between the rPTH-
treated and non-treated patients.

Conclusion This study did not support the hypothesis describ-
ing a possible link between rPTH treatment and the develop-
ment of cancer. We also conclude that osteosarcoma has not
been diagnosed in any Danish patient receiving rPTH since
the year 2003 when it was introduced on the market.
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Introduction

Recombinant parathyroid hormone analogs (rPTH) for the
treatment of osteoporosis (OP) have widened the clinical spec-
trum for which improvement of bone mineral density and
reduced fracture risk can be achieved [1]. Teriparatide (1-34-
PTH) was approved by the US Food and Drug Administration
(FDA) in 2002 and intact parathyroid hormone (1-84-PTH)
obtained approval in the European Union in 2006 [2].
However, the approval of rPTH for the treatment of osteopo-
rosis did not come without controversy because preclinical
studies on rats had raised the concern that exposure to 1-34-
PTH and 1-84-PTH was related to the development of osteo-
sarcoma [3, 4]. Nevertheless, no scientific data has hitherto
demonstrated an rPTH-related cancer risk of neither osteosar-
coma nor any other cancer in humans [5]. Only few inconclu-
sive case reports have described a possible link between rPTH
treatment and carcinogenesis [6] and of the 549 patients with
osteosarcoma, who replied to the questionnaire in the US
Postmarketing Surveillance Study, no patient had a history of
1-34-PTH treatment [7]. Since the introduction of rPTH, sev-
eral hundreds of thousands of patients have been treated [2].

It was our aim with the present study to evaluate the impact
of rPTH treatment primarily on the risk of cancer. Our sec-
ondary endpoints were mortality and other comorbidities. We
did a retrospective longitudinal cohort study using nationwide
Danish registers.
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Materials and methods

Study population

We compared patients receiving treatment with rPTH (“case”)
with 10 age- and gender-matched patients that had not been
treated with rPTH (“controls”). We identified patients with
osteoporosis in the period January 1, 1995 to December 31,
2010 from the Danish National Patient Register that contains
discharge diagnoses from all inpatient and outpatient contacts
from the year 1995 [8]. We used the international classifica-
tion of disease (ICD) 10th edition codes for osteoporosis, M80
andM81.We retrieved redeemed prescriptions on rPTH (ATC
code H05AA02: 1-34-PTH, H05AA03: 1-84-PTH) through
the Danish Prescription Database [9].

Outcome variable

The primary event was defined as the first registered cancer
that occurred after the initiation of rPTH treatment, and we
disregarded patients for whom a cancer had been diagnosed
prior to rPTH treatment. We used ICD-10 discharge codes
from the Danish National Patient Register to identify multiple
myeloma (C90) and osteosarcoma (C40–C41) along with
cancers of the lungs (C34), colon (C18), skin (C43–C44),
urinary bladder (C67), breast (C50), and prostate (C61). The
following ICD-10 codes were used for mortality diagnoses:
Cxx: malignancies, Kxx: alimentary tract, Ixx: circulatory
system, Jxx: respiratory system, Fxx: psychiatric, A0/A2–
A9/Bxx: infectious diseases, and V/X1–X5/Y1–Y7/Y80–
Y86/Y872/Y8: external lesion.

We evaluated the following other complications: myocar-
dial infarction (MI) (I21-I23), cerebrovascular disease (I60-
I69/G45/G46), and chronic pulmonary disease (CPD) (J40-
J47/J60-J67/J684/J701/J703/J841/J920/J961/J982/J983).

Covariates

We retrieved birthdates, gender, and socioeconomic status
from the Danish Civil Registration System, which is updated
daily and tracks changes in demographic characteristics of
Danish citizens [10]. We calculated the Charlson index as a
measure of comorbidity [11]. For the analyses of cancer
incidences we used a modified Charlson index as covariate
that did not include malignancies. We assessed the users of
bisphosphonates using the Danish Prescription Database
(ATC codes M05BA or M05BB).

Statistics

Baseline characteristics are presented as means (SD) or me-
dians (Q1–Q3). Risk time is expressed in person-years (PY)
and defined as the time from start of rPTH treatment (cohort

entry) until the occurrence of an event of or end of follow-up,
whichever came first. The risk time was split into decades of
lifetime to adjust for age dependent covariates. Each control
patient was assigned with a cohort entry date identical to the
matching case’s entry date. All events—mortality, cancer, and
other comorbidity—were reported in prevalences and inci-
dence rates (IR) in numbers per 1,000 PY. We used multivar-
iate Cox proportional hazard models to assess the hazard ratio
(HR) with 95 % confidence interval (CI). Persons with miss-
ing data were excluded from the analyses. All analyses were
done using SAS 9.2 (SAS Institute Inc., Cary, NC, USA). The
study was approved by the Danish Health and Medicines
Authority and followed the regulations set up by the Danish
Data Protection Agency.

Results

Baseline characteristics are presented in Table 1. A total of
4,104 patients (80.3 % females) with osteoporosis receiving
rPTH were identified. The mean age at initiation of rPTH
treatment was 70.9 (SD 9.7) years and the median duration
of rPTH treatment was 477 (Q1–Q3, 238–530) days. The
number of patients who began rPTH treatment increased with
approximately 90 patients per year from 406 patients in the
year 2004 to 846 patients in 2010 (p<0.0001) and the mean
age when initiating rPTH treatment remained unaltered
throughout the observation period. Teriparatide was used in
86 % of the cases and 1-84-PTH in 12 % of the cases, while
2 % had received both rPTH types. The age at initiation of
rPTH was slightly higher among the patients receiving 1-34-
PTH compared with the patients using 1-84-PTH (71.0 vs.
70.0 years, p=0.02). Bisphosphonates had been used prior to
the initiation of rPTH treatment in 87 % of the cases, while
13 % of the cases redeemed prescriptions on bisphosphonates
only after ending the rPTH therapy.

Cancer

Cancer incidences and relative risks are presented in Table 2. A
total of 255 cases (6.2%) comparedwith 2,103 controls (5.1%)
were diagnosed with a cancer (Chi square, p=0.003) after the
initiation of rPTH treatment. The cancer incidence was 25.2
(95 %CI 22.3–28.5) per 1,000 PY among the cases and 23.9
(95 %CI 22.9–24.9) per 1,000 PYamong the controls, yielding
an HR of 1.1 (95 %CI 0.9–1.4) in our model, which was
adjusted for gender, age, and the modified Charlson index.
The relative risk of cancer remained constant independently
of time since initiation of treatment with rPTH (p=0.3). The
median time (Q1–Q3) between the initiation of rPTH treatment
and the diagnosis of cancer was 1.7 (0.8–3.0)years.

We investigated the association between the two different
rPTH types and cancer and found that 6.6 % of the patients
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using 1-34-PTH experienced a cancer compared with 4.1 %
among the patients using 1-84-PTH (Chi square, p=0.04).
However, when considering the risk time and adjusting for
covariates, no significant excess risk was found (p=0.8).

The most frequently reported type of malignancy was lung
cancer, which was found among 1.4 % of the cases compared
with 0.7 % of the controls. The prevalence of CPD was slightly
higher among the cases compared with controls (26 % vs.
24 %, p<0.0001) and this difference was accounted for by
adjusting with the Charlson index that includes CPD.We found
the use of rPTH to be associated with 70% (95%CI 30–130%,
p=0.0003) increased risk of lung cancer. The increased risk of
lung cancer remained constant independently of time with
rPTH treatment (p=0.8). We did not find any increased risk
for any other cancer types, but demonstrated a 40 % (95 %CI
10–60 %, p=0.02) reduced rate of breast cancer among the
women being treated with rPTH. In total, 108 patients were
registered with multiple myeloma, which occurred at the same
rate among the cases and controls (p=0.3). No patients in the

rPTH group were registered with osteosarcoma compared with
nine patients among the controls (Chi square, p=0.3).

Male gender was associated with an increased risk of cancer
of 23 % (95 %CI 12–36 %) and the gender related cancer risk
was similar between the cases and controls (p=0.8). The index
of comorbidity was also related to cancer risk and for every
increase of one in Charlson score, an increase in cancer risk of
45 % (95 %CI 43–47 %) was found. The association between
comorbidity index and cancer risk was comparable between
cases and controls (p=0.1).

Mortality

Death occurred more frequently among the patients who
received treatment with rPTH. During follow-up, 627 cases
died (15.3 %) and among the matched controls a total of 4,175
died (10.2 %). The age of death was comparable between
cases and the controls (76.0 vs. 75.6 years, p=0.3). The
mortality rate was 56 per 1,000 PY among the cases and 41

Table 1 Baseline characteristics
and comorbidity during follow-up

MI myocardial infarction, CPD
chronic pulmonary disease

rPTH treated Controls Chi square

Number 4,104 40,953

Females, n (%) 3,295 (80.3) 32,886 (80.3)

Socioeco, n (%) p<0.0001

Working 553 (13.5) 6,689 (16.3)

Unemployed/retired 3,408 (83.0) 32,759 (80.0)

Other 143 (3.5) 1,505 (3.7)

Charlson score p<0.0001

0–3 3,580 (87.2) 34,081 (83.2)

4–6 404 (9.8) 4,579 (11.2)

>6 120 (2.9) 2,293 (5.6)

Comorbidity, n (%) Adjusted HR (95 % CI)

MI 89 (2.2) 577 (1.4) 1.3 (1.1–1.6)

Cerebrovascular disease 208 (5.1) 1,599 (3.9) 1.1 (0.9–1.3)

CPD 236 (5.8) 1,684 (4.1) 1.3 (1.1–1.5)

Table 2 Cancer. Prevalence,
incidence rates (IR) in events per
1,000 person-years and hazard
ratios (HR) of cancer types among
patients treated with parathyroid
hormone (rPTH) versus controls

The HRs are adjusted for gender,
age, modified Charlson score, and
socioeconomical status
a Includes only women
b Includes only men

PTH Person-years: 10,118 Controls Person-years: 88,005 Risk

N % IR n % IR Adjusted HR 95 % CI

All cancers 255 6.21 25.2 2,103 5.14 23.9 1.1 0.9–1.4

Multiple myeloma 15 0.37 1.5 93 0.23 1.1 1.3 0.8–2.3

Osteosarcoma 0 0.00 0.0 9 0.01 0.1 N/A N/A

Lungs 56 1.36 5.5 275 0.67 3.1 1.7 1.3–2.3

Colon 18 0.44 1.8 177 0.43 2.0 0.8 0.5–1.3

Urinary bladder 1 0.02 0.1 51 0.12 0.6 0.2 0.0–1.2

Skin 39 0.95 3.9 345 0.84 4.0 0.9 0.7–1.3

Miscellaneous 87 2.12 8.6 664 1.62 7.6 1.1 0.9–1.4

Breasta 30 0.91 3.7 391 1.19 5.5 0.6 0.4–0.9

Prostateb 9 1.11 4.8 98 1.21 6.0 0.8 0.4–1.5
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per 1,000 PY among the controls (HR 1.4, 95 %CI 1.3–1.5)
and we found an increased risk of death of 26 % (95 % CI 16–
37 %) among the cases compared with the controls when we
adjusted for gender, age, Charlson score, and socioeconomic
status. The most frequent causes of death were circulatory,
respiratory, and cancer diseases among both cases and con-
trols (Table 3).

The relationship between the relative mortality rate and
rPTH treatment was not constant throughout the age groups.
With increasing age, the death rate among persons in rPTH
treatment declined significantly towards being similar with the
death rate among the controls (p<0.0001).

Other morbidity than cancer

We found increased rates of MI among the cases compared
with the controls with an HR of 1.3 (95 %CI 1.1–1.6). For
cerebrovascular diseases, the rates were not significantly differ-
ent (HR 1.1, 95 %CI 0.9–1.3). Chronic pulmonary disease also
occurred at higher rates after the initiation of rPTH among the
patients compared with controls (HR 1.3, 95 % 1.1–1.5) be-
sides being more prevalent at the beginning of follow-up (26 %
vs. 24 %, p<0.0001; Table 1).

Discussion

This study is the largest population study that systematically
evaluates the relationship between rPTH treatment and cancer
risk. We did not find any excessive cancer risk, with the
exception of lung cancer, in our cohort of mainly elderly
patients with osteoporosis, who had received treatment with
rPTH. The weakness of this study is its retrospective design and
non-standardized diagnostics of the investigated cancer types.

Furthermore, the groups of cases and controls were not com-
parable in all aspects. The patients using rPTH and the controls
were gender and age matched, but the two groups differed
undoubtedly with regard to the severity of osteoporosis. The
clinical criteria from the Danish Health and Medicines
Authority for obtaining reimbursement of the expenses resem-
bles the inclusion criteria used in the phase-3 study by Neer
et al. [1], and hence, we expect severe osteoporosis and verte-
bral compression fractures to be more frequent among the
rPTH-treated patients. The cases were furthermore character-
ized by the absence of prior radiation therapy, bone cancer or
bone metastases, which all are contraindications to rPTH
treatment.

The first use of 1-34-PTH for osteoporosis dates back to
1980 when Reeve et al. exposed 22 patients with osteoporosis
to once-daily subcutaneous injections of 1-34-PTH for 6–
24months and demonstrated histomorphometric signs of bone
formation [12]. The phase-3 trial was published in 2001, and
documented a decrease of 65 % in vertebral fractures in the 1-
34-PTH treatment group compared with placebo [1]. This
study was terminated prematurely due to the finding of oste-
osarcomas in rats exposed to 1-34-PTH at a dosing 3–60 times
human doses for a duration equivalent to 75 human years [3].
For that reason, the final approval by the FDA included
several limitations in the use of 1-34-PTH for osteoporosis
and the manufacturer undertook a 10-year follow-up study to
evaluate the relevance in humans [2]. Preliminary data from
that study has recently been published, and among 549 pa-
tients with osteosarcoma from 15 US centers, none had re-
ceived treatment with 1-34-PTH [7]. Also the relationship
between endogenous PTH production and cancer has been
investigated, but no convincing association has been demon-
strated between circulating PTH levels and breast cancer [13],
colorectal cancer [14], or prostate cancer [15]. These cross-
sectional studies were undertaken due to the finding of ele-
vated cancer incidences among patients with hyperparathy-
roidism in Danish and Swedish nationwide epidemiological
studies [16, 17]. However, studies on treatment with PTH and
hyperparathyroidism are not comparable due to the different
actions of continuous endogenous and transient exogenous
PTH [18].

The suspicion of an rPTH related carcinogenetic effect has
thus not been abandoned, but the evidence suggesting a link-
age is far from convincing. The present study further weakens
this hypothesis. For cancer of any type we found equal inci-
dence rates between patients in rPTH treatment and controls.
Lung cancer turned out to be more frequent among the pa-
tients in rPTH treatment but a causal relationship with rPTH
treatment is unlikely due to many reasons. We presume that a
higher fraction of smokers was present among the rPTH-
treated patients, who had more severe osteoporosis, and we
attempted to address this confounder by adjusting for the CPD
prevalence, but this diagnosis does not embrace all smokers

Table 3 Mortality

rPTH Controls HR

Cause of death N % N % Adjusted 95 % CI

Total 627 15.3 4,175 10.2 1.3 1.1–1.4

Circulatory 157 3.8 1,027 2.5 1.2 0.9–1.4

Respiratory 142 3.5 891 2.2 1.1 0.9–1.3

Cancer 128 3.1 979 2.4 0.9 0.7–1.1

Miscellaneous 117 2.9 889 2.2 1.1 0.9–1.3

Alimentary tract 45 1.1 220 0.5 1.4 1.0–1.9

External lesion 23 0.6 97 0.2 1.8 1.1–2.8

Infection 15 0.4 72 0.2 1.5 0.9–2.7

The prevalences of different causes of death among patients with osteo-
porosis receiving parathyroid hormone (rPTH) and controls not receiving
rPTH

HR hazard ratio, rPTH recombinant parathyroid hormone
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[19]. Another more likely explanation for the increased inci-
dence of lung cancer among rPTH-treated patients is more
regular examinations by the physician. It should also be noted
that the median time from initiation of rPTH treatment until
the diagnosis of any cancer in our study was only 1.7 years,
which further argues against any causal relationship between
rPTH and cancer development. The lower incidence of breast
cancer in women treated with rPTH could be an accidental
finding (p value 0.02). Earlier reports have indicated an in-
creased risk of breast cancer in patients with hyperparathy-
roidism [17, 20], but the relationship between PTH and breast
cancer could not be verified in a nested case–control study
with 764 women with breast cancer [13]. Earlier epidemio-
logic studies on Danish and Swedish registers have reported
higher rates of lung cancer and lower rates of breast cancer
among patients with osteoporosis compared with the general
population [21, 22]. This could also be the cause to our
findings taking into account the probability of baseline differ-
ences in the severity of osteoporosis in our material.

Osteosarcoma is a rare cancer form with a projected inci-
dence of 2.5–3.5 per 100,000 in the United States population
[23] and less than one per 100,000 person-years in Denmark
(www.cancer.dk). Given this assumption, we estimate that our
study has a power of 95 % of detecting an increase of 50 % in
the incidence of osteosarcoma in the rPTH-treated group. With
a hypothesized increase of 10 % of the incidence of osteosar-
coma in the rPTH-treated group, the power would be as low as
13 %. This illustrates clearly the epidemiological challenges
when studying this disease even in nationwide studies.
However, the total lack of osteosarcoma among the rPTH-
treated patients is in concordance with the newly published
the US Postmarketing Surveillance Study, which further under-
mines the postulated relationship between rPTH and osteosar-
coma [7]. The discrepancy between the development of osteo-
sarcoma in rats and humans due to rPTH treatment may be
explained by the differences in bone homeostasis between the
species. The rat is a continuously growing animal with open
epiphysis until time of death, while humans receive rPTH
treatment long time after the closure of the epiphysis. The
low background prevalence of osteosarcoma results in high
number-needed-to-harm (NNH). We estimate that the NNH
would be approximately 12,000, had one patient from each of
our groups developed osteosarcoma when considering the
background prevalence. This number should be compared with
a number-needed-to-treat (NNT) of 29 to avoid fractures based
on the numbers from study by Neer et al. [1].

When it comes to mortality, we found higher incidences for
several causes of death.We suspected that the patients receiving
rPTH were in worse general physical condition than the con-
trols, although the Charlson index indicated otherwise. Hence,
the Charlson index does not explain the differences inmortality,
but baseline differences in the prevalence of vertebral compres-
sion fractures between the rPTH-treated and non-treated rPTH

patients may interfere since this fracture type is related to
increased risk of death [24].The incidences of MI and CPD
were higher among the rPTH treated, which we attribute to
differences in baseline characteristics rather than rPTH treat-
ment. We tried to account for the baseline difference adjusting
for gender and age, together with Charlson comorbidity index,
but information on lifestyle factors such as alcohol consump-
tion, smoking, physical activity, and vitamin intake was not
available. Especially alcohol consumption and smoking are
well-known risk factors that may be overrepresented among
patients in rPTH treatment [25, 26]. Lower bone mineral den-
sity has been related to increased risk of MI in other studies and
hence, our finding does not vouch for a causal relationship
between rPTH treatment and MI [27].

Finally, we conclude that neither previous studies nor the
present study supports a relationship between the use of rPTH
and cancer development. We also conclude that osteosarcoma
has not been diagnosed in any Danish patient receiving rPTH
since the year 2003when it was introduced on themarket. Even
though this study in theory comprises all Danish patients re-
ceiving rPTH it is hampered by the fact that the follow-up time
for each patient was short in terms of carcinogenesis. The safety
of rPTH treatment is after ten years of clinical experience not
put in doubt but it is hence too soon tomake any conclusions on
the long-term safety of rPTH and the present study should be
considered a preliminary report.
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