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ARTICLE INFO ABSTRACT

Keywords: Romosozumab is a humanized monoclonal anti-sclerostin antibody (Scl-Ab) that binds and in-
Romospzumab hibits sclerostin, thereby increasing bone formation and decreasing bone resorption. In 2019, the
Nonunion Japanese Ministry of Health, Labor and Welfare, and the FDA approved romosozumab for treating
Fracture is i di 1 high risk of f In th decad
Humerus osteoporosis in men and in postmenopausal women at high risk of fracture. In the past decade,

pharmacological systemic treatments using molecules in use for the treatment of the osteoporosis
have been reported. Herein we reported the case of a 67-year-old woman with nonunion of hu-
merus shaft fracture, in whom bone union could not be achieved after 11 months of conservative
treatment; however, successful bone healing was achieved after once-a-month administration of
romosozumab for 6 months. To our knowledge, this is the first case reporting the successful use of
romosozumab for treating established nonunion. Romosozumab can aid in promoting bone
healing of nonunion in patients not willing to undergo surgical intervention.

Humeral shaft

Introduction

Humeral shaft fractures account for 1%-3% of all fractures [1]. The nonunion rate for these ranges from 0.5% to 13% [2].
Nonunion poses challenges for surgeons and patients. In this report, we present the case of a patient with nonunion of a humeral shaft
fracture who was successfully treated with monthly administration of romosozumab, an anti-sclerostin bone-forming antibody [3].

Case presentation

A 67-year-old woman experienced a fracture on the right humerus shaft (AO/OTA classification: 12A1) from a fall in May 2018.
The patient originally underwent conservative treatment with immobilization in a hanging cast for 3 weeks and subsequent functional
bracing. Radiography at 3 months after injury showed delayed union of the fracture; therefore, treatment with low-intensity pulsed
ultrasound (LIPUS) to the fracture site was initiated using Sonic Accelerated Fracture Healing System (Smith & Nephew Inc., Pis-
cataway, NJ, USA) [4]. A functional brace was removed at the end of 2018. In March 2019, after 10 months of the injury, the patient
was referred to our hospital because of nonunion of the fracture (Fig. 1).

The patient indicated moderate pain at the nonunion site worsened by stress. Computed tomography (CT) revealed nonunion of the
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Fig. 1. An anteroposterior radiograph of the left humerus taken on the patient's first visit showed the nonunion of a humeral shaft fracture.
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Fig. 2. A three-dimensional (3D) computed tomography (CT) image (a), and coronal (b) and sagittal (c) CT images of the left humerus taken on the
patient's first visit showed the nonunion of a humeral shaft fracture.

proximal third of the humerus shaft with a definite bony gap and sclerotic edges and varus angle deformity (Fig. 2a—c). On physical
examination, the patient's active range of motion of the shoulder was not limited. For the past 7 months, the patient had received
monthly minodronate as treatment for osteoporosis and had no other known metabolic diseases. She was a non-smoker and did not
consume alcohol. Serum 25-hydroxyvitamin D (25(OH)D) was 26.2 ng/ml. A dual energy X-ray absorptiometry (DXA) scan showed
severe osteoporosis with low bone mineral density (BMD) in the lumbar spine (T-score of —3.5) and low BMD in the femoral neck (T-
score of —2.5).

The patient declined an osteosynthesis operation, and consented to therapy with romosozumab (Evenity®; Amgen Inc., Thousand
Oaks, CA) at the approved dose for osteoporosis (210 mg/month), in an attempt to treat her osteoporosis as well as the oligotrophic
nonunion. We discontinued the minodronate and subcutaneously administrated the romosozumab once per month beginning in April
2019. We continued LIPUS treatment, which was performed for 20 min once daily.

Three months after the initiation of the romosozumab treatment, radiography showed a reduction of the bone gap. After 6 months
of treatment, coinciding with the disappearance of pain, radiography (Fig. 3) and CT scan (Fig. 4a—c) showed bridging of the callus,
demonstrating that the nonunion was united. After 12 months of treatment, we discontinued the romosoumab and restarted the
minodronate. A DXA scan showed that T-scores in the lumbar spine and in the femoral neck were —2.6 and —3.2, respectively. At the
patient's final visit (18 months after the initiation of romosozumab), radiography showed complete healing and consolidation.
Throughout the follow-up period, the patient reported no side effects.

Discussion

When nonunion occurs, treatment often requires a surgical intervention to provide stability and to stimulate bone biology.
Nevertheless, not all nonunion cases can be treated surgically because of either patient or technical factor. Researchers have proposed
several strategies including LIPUS to improve bone healing in cases of nonunion [4]. In the past decade, pharmacological systemic
treatments using molecules in use for the treatment of the osteoporosis have been reported. Teriparatide (recombinant human
parathyroid hormone (1-34)) was the first U. S. Food and Drug Administration (FDA) approved anabolic drug for treating osteoporosis
in 2002. In addition to its application to osteoporosis, a growing body of evidence indicates the potential for teriparatide to promote
the healing of fracture and nonunion [5].

In 2019, the Japanese Ministry of Health, Labor and Welfare, and the FDA approved another anabolic agent, romosozumab for
treating osteoporosis in men and in postmenopausal women at high risk of fracture. Romosozumab is a humanized monoclonal anti-
sclerostin antibody (Scl-Ab) that binds and inhibits sclerostin, thereby increasing bone formation and decreasing bone resorption [3].
Sclerostin, a glycoprotein encoded by the SOST gene, is a negative regulator of bone formation that is secreted by osteocytes. It inhibits
canonical Wnt signaling, which down-regulates osteoblast development and function. A randomized controlled clinical trial (RCT) has
demonstrated that romosozumab markedly increased bone formation and therefore BMD, and reduced the prevalence of vertebral and
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Fig. 3. An anteroposterior radiograph of the left humerus taken 6 months after the initiation of romosozumab treatment showed bone union.

clinical fractures compared with placebo in postmenopausal women with osteoporosis [3].

Recently, two RCTs evaluated the effects of romosozumab on the radiographic and clinical outcomes of patients with hip fractures
and tibial diaphyseal fractures [6,7]. Patients received subcutaneous injections of romosozumab on day 1 and weeks 2, 6, and 12.
However, in both studies, the treatment of romosozumab did not accelerate fracture healing. These authors concluded that more
studies with patients at high risk of fracture complications such as delayed healing or nonunion are needed to explore the potential of
romosozumab to accelerate fracture healing. To date, a few animal studies have investigated the effect of Scl-Ab on bone repair in
nonunion [8,9]. Hamann et al. [8] made a rat bone defect model by creating a 3-mm defect at femur. Rats were then treated twice
weekly with subcutaneous injections of Scl-Ab for 12 weeks. At week 12, rats treated with Scl-Ab filled 94% of the femoral defect,
whereas rats with a sham treatment filled only 57%. In contrast, Kruck et al. [9] did not find a beneficial effect from Scl-Ab treatment in
a mouse refractory fracture model. They created a 0.5-mm open osteotomy in the femur. Mice were then treated with Scl-Ab, twice per
week for 21 days. Although the Scl-Ab treatment caused enhanced bone formation, it did not overcome the delays in healing. These
discrepancies among previous animal studies may be due to multiple factors, including differences in species, surgical techniques, and
duration of treatment. Potential mechanisms by which Scl-Ab may enhance bone healing in fracture and nonunion remains unknown.

Ours is the first case reporting the successful use of romosozumab for treating humeral shaft fracture nonunion that had been
treated conservatively. In our patient, after 11 months with no clinical and radiographic evidence of union, bony union was achieved
with monthly administration of romosozumab for 6 months. No adverse events occurred during or after treatment. Our patient had
established oligotrophic nonunion with a definite bony gap and sclerotic edges, and the nonunion site showed no signs of healing, even
after 8 months of treatment with LIPUS. Therefore, it is highly unlikely that our patient's nonunion would have healed spontaneously
with continued observation. In this case, daily LIPUS treatment was continued after the initiation of romosozumab, because the patient
wanted to continue the treatment. A possibility exists that romosozumab and LIPUS may have additive effects during bone healing.
Cessation of bisphosphonate therapy may have affected bone healing in our case. Although a few clinical studies suggest
bisphosphonate treatment as potential risk factors for impaired fracture healing, the evidence is still not convincing [10].

Conclusion

We reported the case of a patient with an established nonunion of a humeral shaft fracture who had complete bone healing with
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Fig. 4. A 3D CT image (a), and coronal (b) and sagittal (c) CT images of the left humerus taken 6 months after the initiation of romosozumab
treatment showed bone union.

cessation of bisphosphonate therapy followed by monthly administration of romosozumab and continuation of LIPUS. Our report
suggests that romosozumab may aid in promoting bone healing of nonunion in patients not willing to undergo surgical intervention.

Informed consent

The patient has provided written informed consent to publish the case report.
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