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Abstract

Background: Osteoporotic treatment during pregnancy is controversial. Denosumab, a fully human monoclonal
antibody against receptor activator of nuclear factor-kB ligand (RANKL), is a potent new bone resorptive inhibitory
drug for osteoporotic treatment. There has been no report on the effectiveness or adverse effects of denosumab
treatment in pregnant osteoporotic patients.

Case: We encountered a young woman with osteoporosis due to idiopathic menstrual irregularity. Prior to
therapy, we confirmed that she would not become pregnant during the treatment period. A single dose of
denosumab, was given to the woman who, despite becoming pregnant within a week afterwards, completed delivery
without any serious complications for mother or child. We regularly examined the values of bone chemical markers
during and after pregnancy along with bone mineral density (BMD) before treatment and after giving birth. Marker
values were improved at 6 months after the initial denosumab injection.

Conclusion: These results suggested that BMD and bone turnover marker values were improved at 6 months
after denosumab administration during unintended early pregnancy in a young woman with osteoporosis. To our
knowledge, although contraindicated in pregnancy, this is the first report of denosuamb use in pregnancy. Our
purpose was to demonstrate a case in which it was used in such a context without adverse effects.
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Case Presentation
A 25-year-old Japanese woman sought consultation at our

institution to determine the requirement of osteopenic or osteoporotic
treatment. Her height was 158 cm, body weight was 46 kg, and body
mass index was 18.4 kg/m2 at the time. She was single and not
pregnant. Although she had no history of bone metabolic diseases and
had never taken medicine affecting bone metabolism, she had earlier
experienced a fragility fracture of the third lumbar (L) vertebra. She
had also taken Chinese herbal medicine from 21-23 years of age for
idiopathic menstrual irregularity starting from the age of 17 years. She
previously visited our institution complaining of pallor and
psychroesthesia when both hands were cold at age 18, for which a
certified internist ruled out the possibility of obvious collagen disease.

At presentation, plain radiographs showed mild osteoarthritis in the
left hip joint (data not shown). Bone mineral density (BMD) was
measured using a DXA fan-beam bone densitometer (Lunar Prodigy;
GE Healthcare, Waukesha, WI, USA) at the L1-4 levels of the postero-
anterior spine (L-BMD) and bilateral hips (H-BMD) immediately
before and 1 year after denosumab administration, and standard
biochemical analyses were performed regularly as described below.
Table 1 summarizes the BMD and bone turnover marker results before
and after treatment. Prior to denosumab therapy, we confirmed the last
menstruation to be within 1 month beforehand.

Biochemical markers before treatment Normal range

Serum

Calcium (mg/dL) 9.5 8.7-10.3

Phosphorus (mg/dL) 3.3 2.5-4.6

TRACP-5b (mU/dL) 366 120-420

BAP (μg/L) 13.1 3.7-20.9

Urine

NTX (nM BCE/mM Cr) 45 <35.5

BMD before and after treatment

Before After

Lumbar spine BMD (g/cm2) 0.874 0.891

T Score -2.1 -1.9

Right femoral neck BMD (g/cm2) 0.674 0.692

T Score -2.2 -2

Left femoral neck BMD (g/cm2) 0.664 0.659

T Score -2.2 -2.3

Table 1: Patient characteristics before and after denosumab treatment.
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Our nursing staff carefully ascertained that the woman was not
planning to become pregnant during treatment and clearly explained
the possible adverse effects of denosumab on babies in the perinatal
pregnancy period along with the pros and cons of various osteoporotic
drugs. Since the patient could not regularly visit us due to her location
and denosumab had relatively less complications as compared with
bisphosphonates (BPs) and other treatments, she selected denosumab
treatment. However, soon after a single denosumab administration (60
mg; normal dosing), it was discovered that she had become pregnant.
Based on discussion with the patient, the onset of pregnancy was
estimated to have occurred 4 days after denosumab was given. Thus,
denosumab treatment was halted since the medication was feared to
cause adverse effects. Calcium and vitamin D were also stopped due to
possible detrimental effects, such as constipation.

The changes in several biochemical marker values are shown in
Figures 1-3. Serum corrected calcium and phosphate remained within
normal ranges up to a year following denosumab treatment. Among

bone resorption markers, urinary N-terminal telopeptide (NTx) and
serum tartrate-resistant acid phosphatase 5b (TRACP-5b) were
markedly decreased at 1 month after drug administration, returned to
baseline levels at months 7-8, peaked, and then decreased over the final
months of the study period. The bone formation markers bone alkaline
phosphatase (BAP) and serum C-telopeptide of type I collagen
propeptide (PINP) decreased slightly during the initial 1-2 months
following denosumab administration and then spiked at or around the
time of delivery. The values of 1,25(OH)2D3 gradually increased until 7
months after drug administration and then decreased. Serum
concentrations of 25(OH)D were mildly increased at 8 months but had
returned to baseline levels by the study end point. Whole parathyroid
hormone (PTH) values tended to increase after an initial drop at 2
months. Serum pentosidine had decreased at 5 months, increased at
months 8-11, and decreased at month 12. H-BMD and L-BMD were
increased a year after denosumab administration (Table 1).

Figure 1: Changes in the values of serum corrected calcium (a) and phosphate (b) during 1 year after denosumab treatment.

The patient’s son was delivered by cesarean section at 36 weeks of
gestation without any apparent complications during the pregnancy.
The baby weighed 2,392 g and his APGAR SCORE was 7/7. However,
the infant was hospitalized due to unstable respiratory status from
transient neonatal tachypnea and slightly premature birth. Although
there was 1 remarkable episode of decreased SpO2, such events
gradually improved. Feeding performance was also low for several days
and serum blood sugar level hovered around 50 mg/dl, but these
ameliorated soon thereafter.

At the present time 12 months after birth, the boy’s height and
weight are both comparable to those of normal growth curves.

The current study was approved by our Institutional Ethics
Committee at Shinshu University School of Medicine, and informed
consent was obtained from the patient for publication. All methods
were carried out in accordance with the approved guidelines.

Discussion
Receptor activator of nuclear factor-kB ligand (RANKL) is a

cytokine that is essential for osteoclast differentiation, activation, and
survival [1]. Denosumab, a fully human monoclonal antibody against
RANKL shown to selectively inhibit osteoclastogenesis, was approved
for use in Japan in 2013. As severe osteoporosis in RANKL transgenic

mice was reversed by denosumab administration [2], RANKL appears
to be an ideal target for osteoporosis treatment. Boyce et al. reported
that in utero denosumab exposure in monkeys produced an osteoclast-
poor osteopetrotic-like skeletal phenotype [3]. They also described that
stillborn birth rate and infant skeletal abnormalities increased after
denosumab treatment in monkeys [3]. In addition, RANKL knockout
mice exhibited severe osteopetrosis with a complete absence of
osteoclasts, suggesting that RANKL was an essential factor for
osteoclastogenesis [4]. To our knowledge, there have been no reports
or clinical trials on the effects of denosumab treatment during early
pregnancy in humans.

The advocacy of BP administration during pregnancy is
controversial. Although BPs are known to cross the placental barrier
and affect fetal serum calcium levels and growth, there have been no
reports of congenital abnormalities associated with BPs in animal
teratology studies [5,6]. Sanz et al. analyzed 51 pregnancies in which
the subjects had been taking BPs shortly before or during the initial
weeks of pregnancy and described no major anomalies in the neonates.
However, there is a general consensus that this treatment should be
avoided during gestation [7].

In pregnancy, calcium is shunted from the maternal circulation to
that of the fetus in order to mineralize the developing fetal skeleton [8].
Approximately 80% of circulating calcium is considered to transfer
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from mother to fetus during late pregnancy. Thus, it is considered that
fetus receives sufficient calcium for proper development [9], and that
the maternal adaptations to meet this demand start early in gestation.
In support of this, abundant vitamin D is produced in the placenta
[10,11], and 1,25(OH)2D3 levels increase early in pregnancy and
remain approximately twice as high as pre-pregnancy levels due to
PTH-independent up-regulation of 1α-hydroxylase in the kidneys.
Longitudinal measurements of intact PTH levels have revealed
decreases to a low-to-normal range during the first trimester of
pregnancy, with subsequent increases to a mid-normal range by full
term [12]. Calcium levels have been shown to decrease to a low-to-

normal range during early pregnancy. In total, approximately 30 g of
calcium transfers from the mother to the fetus via the placenta. After
delivery, maternal calcium is further lost to breast feeding [13]. Total
serum calcium levels usually decrease in accordance with pregnancy
and thereafter return to baseline levels after a few months of
confinement [10]. In this study, although we expected that serum
calcium transitioned from mother to fetus, serum calcium did not
decrease and hypocalcemia was not detected in mother. Thus, it was
considered that the serum calcium level in the fetus might not have
increased.

Figure 2: Changes in the values of bone turnover markers during 1 year after denosumab treatment. Urinary NTx (a) and serum TRACP-5b
(b), BAP (c), and PINP (d) were measured.

Bone formation markers are transiently decreased in early
pregnancy but become highly elevated in the perinatal period, while
bone resorption markers tend to peak at gestation week 36 and remain
high, even at the 30th week postpartum [13]. This study showed that
TRACP-5b values were repressed until the second trimester and then
followed expected changes [14], which suggested that denosumab
exerted an effect of longer than 6 months in this patient. In support of
this, whereas urinary NTx generally increases gradually during
pregnancy, it remained low at half a year after denosumab
administration in this study. Moreover, levels of the bone formation
markers BAP and PINP were low in the first and second trimesters and
high during late gestation.

1,25(OH)2D3 increases in accordance with pregnancy to twice
normal levels at late gestation and returns to baseline values within
several days after delivery since prolactin, human placental lactogen,
and estrogen enhance the activity of 1α-OHase in the kidneys [15]. The

placenta might also influence 1,25(OH)2D3 increases during
pregnancy to thereby enhance bone absorption from the second
trimester to late gestation [16]. Here, 1,25(OH)2D3 values tended to
follow a normal pattern, probably due to female hormones and the
placenta, whereas 25(OH)D showed a mild increase at 8 months of
pregnancy. Serum PTH does not normally change significantly during
gestation [17], but decreased in early pregnancy and increased
thereafter in the present case, which was potentially regulated by
serum calcium levels. Serum pentosidine was decreased at 5 months,
increased at months 8-11, and decreased at 12 months, and therefore
may be elevated before and after delivery.

Regarding bone mass changes, Sowers et al. reported no significant
differences between pre-pregnancy and post-delivery in 32 femurs in a
group of 535 American women [12]. We were not able to examine the
patient’s bone mass immediately post-partum. Hayslip et al. described
that after delivery, bone mass in lumbar vertebrae and the femur was
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significantly decreased in subjects who had actively continued breast
feeding, which was not seen in women who stopped breast feeding at
an earlier time [16,18]. Yasumizu et al. found similar results for L-
BMD in a less than 1 month of breast-feeding group as compared with
a more than 6 months breast-feeding group [19]. In this study, bone
mass was increased at 1 year after denosumab treatment, suggesting
that it might have risen during pregnancy due to the drug’s effects.

Denosumab was given to the patient within a week of pregnancy. As
the drug is believed to pass through the placenta, it may have reached

the fetus to some extent to influence skeletal development. However,
the endochondral ossification process starts around viviparous 8 weeks
[20], while the half-life of denosumab is less than a month, suggesting
that the administered denosumab would have almost completely
disappeared in the mother and fetus by that time. Moreover,
denosumab affects osteoclasts mostly and hence may not have altered
other fetus growth.

Figure 3: Changes in the values of serum 1,25(OH)2D3 (a), 25(OH)D (b), Whole PTH (c), and pentosidine (d) during 1 year after denosumab
treatment.

BPs are deposited in bones over time and thereby affect bone
metabolism during pregnancy. On the other hand, denosumab is an
antibody, almost all of which is eliminated from the body within
several months of administration. Thus, when anti-resorptive drugs for
osteoporosis are required, denosumab may be safer than BPs since they
exerts fewer effects on bone metabolism in pregnant women. Our
results also suggest that when denosumab is administered to
premenopausal women, a pregnancy test should be carried out more
than once at a different time point.

In conclusion, our findings indicated that BMD and bone turnover
marker values were improved at 6 months after an initial denosumab
injection in a pregnant woman with osteoporosis. Whereas bone
metabolism markers usually increase during late pregnancy [21],
1,25(OH)2D3 and PTH values were increased after only a few months
in our patient, with no apparent effect on the infant.
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