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Study Design: Retrospective study.

Purpose: We conducted a study to investigate the time course changes in bone metabolic markers after the administration of the
anti-receptor activator of nuclear factor-kappa B ligand (RANKL) antibody and to assess drug compliance among osteoporotic patients.
Overview of Literature: The anti-RANKL antibody is expected to provide an improvement in those with a bone metabolism disorder.
However there are only a few clinical reports available on the effect of treatment.

Methods: We included 40 post-menopausal osteoporotic patients who received the anti-RANKL antibody. To determine the time
course changes in the bone metabolic markers, we measured the serum tartrate-resistant acid phosphatase 5b (TRACP 5b; a bone re-
sorption marker) and the serum N-terminal propeptide of type 1 collagen (P1NP; a bone formation marker) levels prior to and 1 month
after administrating the anti-RANKL antibody. To evaluable drug compliance, we assessed the dropout rate during treatment and at 6
months after treatment.

Results: The average TRACP 5b level significantly decreased from 574.8 mU/dL before treatment to 153.2 mU/dL 1 month after treat-
ment (p<0.05). There was no significant difference in the average P1NP level, which was 56.9 yG/L and 35.1 uG/L before and 1 month
after treatment, respectively (p>0.05). As for drug compliance, we did not have any dropouts during the treatment or after 6 months
(dropout rate: 0%).

Conclusions: Our study suggests that anti-RANKL antibody treatment suppresses bone resorption and maintains bone formation.
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Introduction The number of osteoporosis patients in Japan has been in-
creasing, mainly in elderly women, and it is estimated that
Osteoporosis is a primary factor of locomotive syndrome. the number may reach 13 million and include non-med-
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ical patients without any subjective symptoms. Among
patients aged 250 years, it is reported that 14.5% of males
and 51.3% of females will develop osteoporosis [1]. Vari-
ous drugs have been used for osteoporosis in recent years
and have demonstrated a certain level of effectiveness in
improving bone density. However, since these drugs take
time to exert its effect or only improves bone density and
not bone strength, there are still many uncertainties, such
as the influence of the temporal effect on the bone me-
tabolism disorder in osteoporotic patients according to
the individual osteoporosis drug [2].

Furthermore, osteoporosis drugs have various disad-
vantages and adverse effects [3-11]. For instance, heart-
burn caused by bisphosphonates may cause patients to
discontinue oral use. According to a study on the oral use
of an osteoporosis drug, 45.2% of patients were unable to
use the drug within 1 year after treatment initiation, and
52.1% eventually withdrew from treatment within 5 years
[12].

However, the antibody against the receptor activator
of nuclear factor-kappa B ligand (RANKL), which was
recently introduced in Japan, shows a strong inhibitory
effect on bone resorption, and improvement is expected
in those with a bone metabolism disorder. Drug compli-
ance is expected to be high because it is administered
as a hypodermic injection biannually. Since the post-
introduction period is still relatively short, there are only
a few clinical reports available on the treatment’s effect.
Therefore, we conducted a study to investigate the time
course changes in bone metabolic markers after the ad-
ministration of the anti-RANKL antibody and to assess
drug compliance among osteoporotic patients.

Materials and Methods

We included 40 post-menopausal osteoporotic patients
(mean agexstandard deviation [SD], 74.7+7.6 years) who
received anti-RANKL antibody at our medical facility.
The inclusion criterion for osteoporosis was a young adult
mean (YAM) level <70% in accordance with the Japan
Osteoporosis Society’s guidelines (mean YAM level+SD,
64.0%+4.4%). Patients with a prior history of taking drugs
prescribed for osteoporosis were excluded from this study.
In addition, MRIs were conducted for all anamnestic cas-
es of external injury. Fresh fracture cases were excluded,
as well as anamnestic cases of fragility fracture. We also
administered calcium and vitamin D to all patients.

1. Primary endpoint

To determine the time course changes in bone metabolic
markers, we measured the serum tartrate-resistant acid
phosphatase 5b (TRACP 5b; a bone resorption marker)
and N-terminal propeptide of type 1 collagen (P1NP; a
bone formation marker) levels before and 1 month after
administration of the anti-RANKL antibody. To evaluable
drug compliance, we assessed the dropout rate during
treatment and 6 months after treatment.

2. Secondary endpoint

To evaluate bone density, we measured the lumbar spine
YAM level from dual radiography absorptiometry scans
before and 6 months after administering anti-RANKL an-
tibody. Additionally, we assessed the time course changes
by using the back pain visual analogue scale (VAS) before
treatment and at 1, 2, 3, and 6 months after treatment.
Lastly, we measured the serum calcium level before and at
1 week and 1 month after treatment to assess for adverse
effects, such as hypocalcemia.

Results

1. Primary endpoint

As shown in Fig. 1, the average TRACP 5b level was sig-
nificantly decreased from 574.8 mU/dL before treatment
to 153.2 mU/dL 1 month after treatment (p<0.05). The
average improvement rate 1 month after treatment was
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Fig. 1. TRACP 5b levels before and 1 month after administrating the

anti-RANKL antibody. TRACP 5b, tartrate-resistant acid phosphatase
5b; RANKL, receptor activator of nuclear factor-kappa B ligand.
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68.2%. There was no significant difference in the average
P1NP; before treatment it was 56.9 uG/L and 35.1 uG/
L 1 month after treatment compared to before treatment
as shown in Fig. 2 (p>0.05). The average lowering rate 1
month after treatment was 22.1%. As for drug compli-
ance, we did not have any dropouts during the treatment
or after 6 months (dropout rate: 0%).

2. Secondary endpoint

The average YAM level for the anti-RANKL antibody
before and 6 months after treatment was significantly
increased from 64.0% to 69.5%, respectively, with an aver-
age increase rate of 8.9% as shown in Fig. 3 (p<0.05). The
average VAS level for back pain was temporally decreased
(6.2, 4.7, 3.9, 2.9, and 1.9 before treatment and at 1, 2, 3,
and 6 months after treatment, respectively). In particular,
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Fig. 2. PINP levels before and 1 month after administrating the anti-
RANKL antibody. PINP, N-terminal propeptide of type 1 collagen;
RANKL, receptor activator of nuclear factor-kappa B ligand; NS, not
significant.
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Fig. 3. The averages YAM level for the anti-RANKL antibody before
and 6 months after treatment. YAM, young adult mean; RANKL, recep-
tor activator of nuclear factor-kappa B ligand.
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there was no significant difference between VAS levels
before treatment and 1 and 2 months after treatment,
but the level was significantly lower 3 and 6 months after
treatment as seen in Fig. 4 (p<0.05). The average calcium
levels were 9.4, 9.3, and 9.3 (mg/dL) before, 1 week, and
1 month after treatment, respectively, all of which were
within the normal range. In addition, these levels were
maintained without any significant differences during all
the time periods (Fig. 5).

Discussion

In this study, the average TRACP 5b level was signifi-
cantly lowered by the administration of the anti-RANKL
antibody, and the average improvement rate was 68.2%.
The improvement rates of bone metabolic markers from
commonly used osteoporosis drugs are shown in Table
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Fig. 4. The time course changes by using the back pain VAS before
treatment and 1, 2, 3, and 6 months after treatment. VAS, visual ana-
logue scale; NS, not significant.
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Fig. 5. The serum calcium levels before and 1 week and 1 month after
treatment. NS, not significant.
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Table 1. The improvement rates of bone metabolic markers from commonly used osteoporosis drugs

Characteristic NTX (%)
Vitamin D 3-28
SERM 24-38
Bisphosphonate 36-52

BAP (%) Periods (mo)
15-30 6
24-38 13
33-52 13

NTX, N-terminal crosslinking telopeptide of type | collagen; BAP, bone specific alkaline phosphatase; SERM, selective estrogen receptor modulator.

1 [13-17]. We cannot draw a comparison, because dif-
ferent types of bone metabolic markers and follow-
up periods were used, however, the improvement rate
of the bone resorption marker was approximately 30%
with vitamin D, 40% with the selective estrogen recep-
tor modulator (SERM), and 50% with bisphosphonates.
The anti-RANKL antibody is a human immunoglobulin
G2 monoclonal antibody that targets RANKL and binds
to it with a high specificity and affinity. The anti-RANKL
antibody binds to RANKL, preventing it from binding to
RANK, and also simultaneously suppresses the formation,
function, and viability of osteoclasts. Therefore, bone re-
sorption is suppressed and the bond strength is enhanced
while the bone mass for cortical and cancellous bones
are increased [18]. However, bisphosphonates, which are
widely used for osteoporosis treatment, only affect ma-
tured osteoclasts, not RANKL. Furthermore, vitamin D
and SERM are only involved in the pathological condition
of abnormal bone metabolism to a certain extent. The
difference in the site of action in this study led to a strong
inhibition of bone resorption.

We recognized that the bone formation marker was rel-
atively unchanged despite the administration of the anti-
RANKL antibody. Generally, a bone formation marker
indicates the same rate of change with a bone resorption
marker (Table 1). This is called the coupling effect for
bone metabolism, which is a local conjugate phenom-
enon of bone formation at the absorbed site in bone tis-
sue. Such bone formation after bone resorption naturally
causes a change in the bone metabolic marker [19,20].
Recently, severely suppressed bone turnover (SSBT) due
to the fundamental effect of bisphosphonates has received
attention. It has been reported that SSBT caused by the
administration of bisphosphonates leads to a precur-
sor state in fractures of the femur shaft (i.e., an atypical
fracture); thus, careful observation of the bone metabolic
marker is required [21]. Therefore, it is suggested that the
anti-RANKL antibody would not cause excessive bone

Tahle 2. The change ratio of bone mass in terms of other osteoporosis
drugs

The lumbar spine

Characteristic YAM level (%) Periods (mo)
Alendronate 7.48 24-36
Risedronate 454 18-36
Zoledronate 6.71 36
Raloxifene 2.51 24
Teriparatide 8.60 21

YAM, young adult mean.

formation by the coupling effect, and the risk of an atypi-
cal fracture by SSBT could be lowered.

Furthermore, in this study, the bone density was sig-
nificantly increased by the anti-RANKL antibody in our
study. Reports on the change in the ratio of bone mass in
terms of other osteoporosis drugs are shown in Table 2
[6,22]. Compared with the change in the ratio for other
osteoporosis drugs, the rate indicated a good result—an
average increased rate of 8.9%, regardless of the short-
term follow-up or 6 months after treatment. Moreover,
in a study on the effect of administering the anti-RANKL
antibody over the long-term, it was reported that the
change rate was 9.2%, a higher improvement rate than for
other osteoporosis drugs, therefore, a greater effect is ex-
pected with long-term administration [23].

We did not have any patients drop out of treatment dur-
ing the 6-month study period. Difficulty in similar studies
has been reported in general, such as not obtaining an ac-
tual sense of the treatment’s effect or a high frequency rate
for the occurrence of adverse effects in drug compliance
[24].

However, as described previously, we estimated that
patients could actually feel the treatment effect as the
numerical values of their blood drawings and imaging
studies improved. In addition, the average VAS level for
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back pain was temporally decreased before and after 1, 2, 3,
and 6 months of treatment. Therefore, it can be surmised
that the patients could feel a change in a specific symptom
as their back pain improved. From this aspect, it is con-
sidered that the effect of anti-RANKL antibody treatment
can be easily sensed, and no one in this study dropped
out.

Furthermore, the anti-RANKL antibody does not have
many adverse effects, such as heartburn from bisphos-
phonates that would lead to discontinuing treatment.
The main adverse effect for the anti-RANKL antibody is
hypocalcemia, but the frequency is relatively low (0.8%)
[25]. Moreover, hypocalcemia was maintained within the
normal range before treatment and 1 week and 1 month
after treatment for all cases in our study. Thus, it is likely
that the high level of drug compliance resulted from the
lack of adverse effects. However, we recommend the strict
monitoring of hypocalcemia before treatment in all cases,
and the administration of calcium and vitamin D may be
effective in preventing hypocalcemia.

As for the study limitation, the follow-up period was
short (i.e., 1 month for evaluating the bone metabolic
markers and serum calcium levels and 6 months for
evaluating drug compliance, the YAM level, and the back
pain VAS). In the future, we plan to conduct a prospec-
tive study to examine the time course changes in bone
metabolic markers, and to assess drug compliance over a
longer follow-up period.

Conclusions

The average TRACP 5b level was significantly lowered by
the administration of the anti-RANKL antibody, but there
was no significant difference in the average PINP level.
The results from our study suggest that the administration
anti-RANKL antibody suppresses bone resorption, and
maintains bone formation.
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