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Introduction

Osteogenesis imperfecta (OI) is a hereditary disease causing
reduced bone mass, increased fracture rate, deformities of long
bones, vertebral collapses and wormian bones. Non-skeletal
findings such as blue sclera, hyperlaxity of ligaments and
joints and dentinogenesis imperfecta can be associated to a
variable degree. In the majority of patients OI is caused by
dominant mutations in COL1A1 or COL1A2 that lead either to
a quantitative or a qualitative defect in collagen type I1. How-
ever, mutations affecting proteins involved in the modification
or excretion of procollagen type I can give rise to recessive
forms of OI2. At present, patients with severe clinical symp-

toms are treated with intravenous bisphosphonates, in partic-
ular pamidronate and neridronate, regardless of the underlying
gene defect3,4.

OI-VI is a recessive form of OI that is characterized by an in-
creased amount of non-mineralized osteoid in bone biopsies5.
Additional clinical hallmarks are the only discrete symptoms at
birth and the relatively late onset of fractures and deformities
compared to other severe forms of OI. The skeletal symptoms
show only a poor response to a bisphosphonate treatment6. OI-
VI is caused by mutations in SERPINF1 which encodes pigment
epithelium-derived factor (PEDF), a protein with multiple func-
tions7,8. In patients with OI-VI and truncating SERPINF1 muta-
tions, PEDF is not detectable in peripheral blood, and this can
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be used as a diagnostic parameter9. Cell-culture experiments and
an in vivo model provided evidence that PEDF inhibits osteo-
clast differentiation and hence bone resorption via osteoprote-
gerin (OPG) and RANKL. Receptor activator of NF-kB
(RANK), its ligand RANKL, and the decoy receptor OPG are
central regulators of osteoclast development and function10.
Denosumab is a blocking antibody to RANKL, thereby inhibit-
ing osteoclast formation and bone degradation. Denosumab was
first demonstrated to be effective in reducing osteoclastic activ-
ity and increasing bone mass in postmenopausal women and has
been approved for the treatment of osteoporosis in 201011,12.

The new insights into the pathophysiology of OI-VI, gained
by the identification of the underlying genetic defect, encour-
aged us to therapeutically target RANKL in patients with this
severe OI subtype. We report the first experiences of a treat-
ment with denosumab injections in four of our patients af-
fected by OI-VI. These patients had displayed poor response
to the standard bisphosphonate treatment. To our knowledge,
this is the first report about children with OI treated with the
RANKL antibody denosumab.

Case histories

Our four male patients presented with a severe OI phenotype
and were tested negative for mutations in the genes COL1A1 and
COL1A2. Two of them were brothers, and they all had consan-
guineous parents from Turkey or from the United Arab Emirates.
The clinical findings have been described in detail elsewhere7. In
short, all patients had normal or near-normal ultrasound findings

during pregnancy (only one patient was reported to have a mild
shortening of the femur). They were born spontaneously by vagi-
nal delivery and presented healthy at birth. OI was diagnosed after
the first fractures upon minimal traumata had occurred (around 6
months of age), followed by an increasing degree of bowing of
the legs. Spine X-rays revealed multiple vertebral fractures and
deformities. A bisphosphonate therapy with intravenous
pamidronate was initiated following the protocol published by
Rauch et al.1. Later, the treatment regime was switched to intra-
venous neridronate, as the infusion protocol is more convenient
for the patients13. In addition, the boys underwent surgical treat-
ment of fractures and deformities with the insertion of in-
tramedullary telescopic rods, and they received physiotherapy.

During bisphosphonate treatment vertebral size increased
slightly and vertebral deformities decreased marginally. Addi-
tional fractures occurred in all patients, with a frequency from
0 to 7 fractures per year in both the lower and the upper ex-
tremities. Serum markers for calcium, vitamin D and parathy-
roid hormone (PTH) were measured during therapy. Urinary
levels of deoxypyridinoline (DPD), a marker of osteoclast ac-
tivity, were consistently elevated despite bisphosphonate treat-
ment. Regardless of physiotherapy and rehabilitation, the
mobility of the four patients remained very limited and was
lower compared to other children with similar severity of OI,
but with causal mutations in the genes COL1A1 or COL1A2.
Our patients were not able to bear weight on their legs and they
were depending on a wheelchair.

Due to the consanguinity of the parents, we searched for ho-
mozygous mutations in the patients by whole-exome sequencing
and discovered the disease causing mutations in SERPINF17. A

Findings Pat 1 Pat 2 Pat 3 Pat 4 

OI type 2 VI VI VI VI 
Age at start of therapy [years] 9.4 6.9 18.5 5.7 
SERPINF1 mutation c.324_325dupCT; c.1132C>T; c.696C>G; c.696C>G; 

p.Tyr109SerfsX5 p.Q378X p.Y232X p.Y232X
Duration of previous 8.1 5.7 3.4 3.4 
bisphosphonate treatment (years) 
Color of sclera white white white white 
Dentinogenesis imperfecta no no no no 
Hypermobility of joints no no no no 
Hearing impairment no no no no 
Weight kg/BMI 19.7 / 16.6 14.7 / 14.1 51.4 / 35.7 10.8 / 13.6 
Height (SD) -4.0 -3.5 120 / - 9.9 89.0 / - 5.8 
Mobility at last visit (BAMF)16 6 6 2 4 
Calcium [mmol/l] 2.26 2.24 2.35 2.29 
Phosphorus [mmol/l] 1.48 1.52 1.16 1.37 
Alkaline Phosphatase [U/l] 220 305 151 312 
25-OH Vitamin D [μg/l] 10.5 4.3 14.5 16.6 
Bone density 0.641; -0.6 0.412; -2.6 1.014; -2,4 (With head) 0.373; -2,9 
Whole body less head (g/cm2; z-score)
Bone density 0.515; -2.4 0.330; -4.3 0.691; -4,1 0.325; -4,3 
L2-L4 (g/cm2; z-score)

Table 1. Clinical and laboratory findings at the start of the denosumab treatment.
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bone biopsy was performed in three of the patients and showed
the typical histomorphometric findings of OI-VI with increased
osteoid and an increased amount of osteoclasts (data not shown).
The patients’ clinical and laboratory findings at the start of deno-
sumab treatment are summarized in Table 1.

Material and Methods

We obtained written informed consent from both parents of each
patient to change the therapeutic regime. Denosumab was injected
subcutaneously at a dose of 1 mg/kg body weight every three
months, as described for adults treated with denosumab14.

During the first treatment cycle of the first two patients re-
ceiving denosumab, N-terminal telopeptide of type 1 collagen
(NTx) as a serum marker of bone resorption was measured, and
the serum level of pro-collagen-1-C-peptide (P1CP) was deter-
mined to assess changes in bone formation. NTx was measured
in the serum with an enzyme immunoassay (Osteomark®, Fin-
land). Results were interpreted using reference data published
by Orwoll et al15. Serum P1CP concentration was measured by
a radio immune assay (Orion, Finnland) and interpreted using
the reference data provided by the manufacturer.

To monitor the individual course of inhibition of bone re-
sorption, urinary deoxypyridinoline levels were measured in
all four patients over the entire treatment period and normal-
ized to urinary creatinine levels. The normalized DPD values
were presented as DPD/crea [nM/mM]. DPD levels were de-
termined from spot urin probes which the patients collected at
home at least every second week. DPD was measured with the
IMMULITE Pyrilinks-D 100 Kit (chemiluminescent im-
munoassay) (Siemens Healthcare Diagnostics, Germany).
Age- and sex-matched reference data were obtained in our own
laboratory by analyzing spot urine probes of 443 children. Uri-
nary creatinine was quantified by the Jaffé method.

As additional parameters of bone metabolism we deter-
mined calcium and PTH levels in the serum. Calcium was
measured with the Modular P-Modul® (Roche Diagnostics,
Germany) and interpreted using a reference range of 2.20–2.65
mmol/l. PTH was measured with the Modular E-Modul®

(Roche Diagnostics, Germany) and interpreted with a refer-
ence range of 12-72 ng/l.

The mobility of the patients was assessed using the “Brief
Assessment of Motor Function” (BAMF) scale. This scale
classifies the motor function with 0 to 10 points, reflecting a
patient´s ability to roll, crawl or walk16. 

Dual-energy x-ray absorptiometry (DXA) scans of the lum-
bar spine and total body were acquired with GE Lunar iDXA
(GE Healthcare, Great Britain). The z-scores were provided
by the appropriate software for pediatric patients (Encore Ver-
sion 13.60.033).

With every blood-drawing, standard parameters controlling
liver function (ALT, AST), renal function (creatinine), elec-
trolyte metabolism (sodium, potassium, magnesium), inflam-
matory signs (CRP), cellular integrity (CK, LDH),
hematopoesis (Hb, MCV, MCHC, number of erythrocytes,
lymphocytes and thrombocytes), and coagulation (PT, PTT)
were determined in the patients by standard methods.

Results

The denosumab injections were well tolerated by all four pa-
tients, without any changes in blood pressure, heart rate or body
temperature. Thirty-six hours after the injections, oral supple-
mentation with calcium (750 mg per day) and vitamin D (500
international units per day) was started and was continued for
two weeks. After three days of clinical monitoring, during which
no adverse events were observed, the patients were discharged
from hospital. Over the follow-up time of 5 to 33 weeks, the pa-
tients and their parents reported no side effects. One patient suf-
fered a radiologically confirmed fracture of the right humerus
after a mild trauma. Fracture healing was normal. Of note, the
therapy was started sequentially in the four patients to ensure
maximum safety. Therefore, the follow-up period and the num-
ber of treatment cycles differed between the patients. 

The changes of calcium, P1CP, PTH, NTx and DPD/crea
levels in the first two patients after first administration of deno-
sumab are shown in Table 2. The serum calcium concentration
decreased slightly and the PTH level increased within 48

P1CP Calcium [mmol/l] PTH [ng/l] NTx [nM/l] DPD/crea  
(μg/l) (2,20-2,65) (12-72) (12,9-79,8) [nM/mM]

Pat 1 Pat 2 Pat 1 Pat 2 Pat 1 Pat 2 Pat 1 Pat 2 Pat 1 Pat 2 

Day 1 265 231 2.34 2.24 15 13 42.8 41.5 70.8 33.3 
Day 2 221 2.22 2.16 55 40 15.6 21.8 58.9 28.7 
Day 7 157 230 2.34 2.10 23 56 6.7 8.1 23.2 25.1 
Day 14 183 154 2.27 1.99 56 199 7.3 7.0 23.7 13.4 
Day 29 95 161 2.26 2.21 57 61 7.1 11.8 25.2 22.7 

Table 2. Laboratory parameters during the first denosumab treatment cycle of 2 patients. Changes of P1CP, calcium, PTH, NTx and DPD/crea
levels during the first treatment cycle in the first two patients. P1CP, PTH and NTx were measured in the serum. DPD/crea was measured in
spot urine probes. Calcium was measured in the serum and corrected for albumin levels. Patients were orally substituted with calcium and
vitamin D starting 36 hours after the denosumab injections.
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hours. None of the patients had symptoms of hypocalcaemia
during the treatment period.

Intriguingly, NTx and DPD/crea as markers of bone resorption
decreased into the reference range within a few days after the deno-
sumab injections. A rapid drop of urinary DPD/crea levels into the
reference range was observed in all four patients and after six of
the seven denosumab injections administered so far (Figure 1).
DPD/crea levels slowly recovered during the follow-up period and
reached the pre-treatment level after 6-8 weeks, indicating that the
suppression of bone resorption by denosumab is reversible.

All standard blood parameters repeatedly determined in the
four patients showed no evidence for an impaired organ func-
tion as a hypothetical side-effect of the denosumab treatment
(data not shown).

Discussion

Treatment with the RANKL antibody denosumab was well
tolerated by all four patients with OI-VI. The injections caused

a degree of suppression of bone resorption, as measured by uri-
nary DPD/crea levels, that had never been reached during at
least three years of bisphosphonate treatment. The reduced bone
resorption was also reflected by a decrease of NTx levels and
an increase of PTH in the serum, as documented in the first two
patients during their first denosumab treatment cycles. The mar-
ginal drop of serum calcium levels could be easily corrected by
oral supplementation and can be considered as an indicator for
the decreased ability of osteoclasts to resorb bone and to release
calcium. Of note, we had not seen a clinically relevant decrease
of calcium levels while these patients had been treated with bis-
phosphonates, and therefore the patients had not received oral
supplementation routinely. Supplementation with calcium and
vitamin D was only started when serum calcium level dropped
and the PTH level increased after the denosumab injections and
was stopped as soon as calcium and PTH levels normalized.

Parallel to the decrease of DPD/crea, we observed a de-
crease of P1CP as a marker for osteoblastic activity. Such a
P1CP decrease has also been reported in osteoporotic adults

Figure 1. Urinary DPD/crea levels of four patients with OI-VI treated with denosumab. Each graph shows the levels during at least 36 months
of bisphosphonate treatment with neridronate (blue line on the left side of the graphs) and the levels after the onset of denosumab injections.
After 6 of the 7 injections, the DPD/crea levels decreased to the normal range within the next days (red line on the right side of the graphs for
patients 1-4). Response to the second denosumab injection in patient 2 may have been disturbed by a fracture of the right humerus (blue arrow).
DPD/crea levels slowly recovered during the follow-up period and reached the pre-treatment level after 6-8 weeks.
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treated with denosumab and is also a typical effect of bispho-
sphonates17. 

During the treatment period, one patient (patient 2) suffered a
radiologically confirmed fracture of his right humerus after a
mild trauma. The activation of bone remodeling during fracture
healing may explain the rather poor effect on urinary DPD/crea
levels observed in the second treatment cycle of this patient. 

The interval between the denosumab injections was chosen
based on experiences from adults with osteoporosis. However,
our results indicate that a three-month interval might be too
long for patients with OI-VI. An eight-week interval seems
more appropriate to ensure a constant suppression of bone re-
sorption by osteoclasts. 

Bisphosphonates are known to be less effective in patients
with OI-VI than in individuals with other types of OI6. The rea-
sons for this have not been experimentally investigated, but
they may be related to the fact that bisphosphonates bind to the
mineralized bone surface and induce osteoclast apoptosis upon
resorption. The increased amount of unmineralized osteoid in
patients with OI-VI possibly impairs the ability of bispho-
phonates to attach to the bone and hence reduces their toxicity
for osteoclasts. Denosumab acts on osteoclasts through a dif-
ferent mechanism: Via inhibition of RANKL, it prevents the
maturation and activation of osteoclasts before these cells ad-
here to the bone matrix. This therapeutic effect should be inde-
pendent from the mineralization status of the bone, explaining
our observation that denosumab more efficiently reduced bone
resorption in patients with OI-VI than bisphosphonates.

In addition to its efficacy in normalizing bone resorption in
patients with OI-VI, denosumab potentially offers another im-
portant advantage compared to the current standard therapy
for OI: The humanized antibody degrades within 3-4 months
after injection and hence does not remain in the body18. Bis-
phosphonates are stored in the skeleton for years, a fact that
has led to an ongoing debate about their long-term safety for
children19,20. In the future, it may therefore be worth discussing
whether denosumab could also be a treatment alternative for
children with other subtypes of OI or with other osteoporotic
diseases. In fact, a recent case report described the use of deno-
sumab in a child with fibrous dysplasia and documented a
good response with respect to bone pain, bone turnover mark-
ers, and regression of a femoral lesion21.

Our preliminary report is limited by the small number of
patients with OI-VI and the differing follow-up periods, a con-
sequence of the sequential treatment start which was necessary
to ensure maximum safety for the patients. Further studies
have to evaluate the effects of a long-term therapy with this
new treatment approach on mobility, bone density and fracture
rates, and will have to focus on potential long-term side effects.
Nevertheless, this report is a striking example of the fact that
a precise molecular diagnosis can have immediate implications
for the therapeutic regimen. In the cases presented here, the
time required to transfer the knowledge gained by the discov-
ery of the underlying genetic defect from “bench to bedside”
was less than a year, and the families potentially benefiting
from the new insights into the disease pathology had partici-

pated in the research project leading to the identification of
SERPINF1 mutations in OI-VI7.
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