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Case Report

Atypical femoral fracture in a metastatic bone disease 
patient six months after discontinuation of denosumab 
received sequentially to previous bisphosphonate therapy 
- A case report
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Introduction

Bisphosphonates (BPs) and denosumab are commonly 
used in patients with metastatic bone disease (MBD) to reduce 
the risk of skeletal-related events (SRE) like pathological 

fractures, spinal cord compression, and hypercalcemia of 
malignancy1,2. However, many concerns were being raised 
about the possible association between prolonged and high-
dose of both BPs and denosumab for MBD and atypical 
femoral fractures (AFFs)3-7. We present a case of an AFF in 
a MBD patient six months after discontinuation of an eleven-
months oncologic dose denosumab administration which was 
received sequentially to a long-term zoledronic acid therapy. 

Case presentation

In March 2020, a 76-year-old woman with a past medical 
history of MBD from breast cancer presented to the 

Abstract

Although, both bisphosphonates and denosumab are effective in reducing the risk of skeletal-related events in patients 
with metastatic bone disease, many concerns were being raised about the possible association between their use and 
atypical femoral fractures. A case of an atypical femoral fracture in a metastatic bone disease patient, six months after 
discontinuation of long-term zoledronic acid therapy and sequential treatment with denosumab is reported. After extensive 
laboratory and imaging examination, the fracture was classified as atypical and it was finally treated with discontinuation 
of denosumab, long cephalomedullary interlocking nailing and vitamin D administration. Sequential treatment with 
bisphosphonates and denosumab in patients with metastatic bone disease, may lead to an overlapping treatment effect, 
increasing bone suppression and the risk of atypical femoral fracture. In addition, discontinuation of denosumab may 
activate bone remodeling units in an area with microdamage accumulation in cortical bone caused by the previous bone 
suppression from the antiresorptive treatment. The activation of bone remodeling units may accelerate the occurrence of 
the atypical femoral fractures.

Keywords: Atypical Femoral Fracture, Bisphosphonates, Denosumab, Metastatic Bone Disease, Zoledronic Acid

The authors have no conflict of interest.

Corresponding author: George Georgiadis, 1 Vasileos Pavlou Street, Voula, 
166 73, Athens, Greece
E-mail: gegeorgiades@yahoo.com

Edited by: G. Lyritis
Accepted 13 April 2021

Journal of Musculoskeletal
and Neuronal InteractionsJ Musculoskelet Neuronal Interact 2021; 21(3):429-433

P
ub

lis
he

d 
un

de
r 

C
re

at
iv

e 
C

om
m

on
 L

ic
en

se
 C

C
 B

Y
-N

C
-S

A
 4

.0
 (A

tt
ri

bu
ti

on
-N

on
 C

om
m

er
ci

al
-S

ha
re

A
lik

e)



430http://www.ismni.org

G.F. Georgiadis et al.: Atypical femoral head fracture after sequential treatment with bisphosphonates and denosumab in patients with metastatic bone disease

emergency department of our hospital with a spontaneous 
left femur fracture. The breast cancer was diagnosed in 
1985 and treated with partial mastectomy, chemotherapy 
and hormonotherapy with Tamoxifen for five years. In 
1997 the patient underwent total mastectomy due to 
local recurrence of the cancer and she was administered 
chemotherapy and hormonotherapy with Tamoxifen for 
another five years. Bone metastases were found in January 
2012 and she received zoledronic acid (4 mg monthly) 
until April 2015 when she presented acute renal failure. 
She continued receiving zoledronic acid in lower dose (5 
mg every two months) until October 2018 when BPs were 
switched to denosumab in oncologic dose (120 mg monthly) 
due to MBD recurrence. She received eleven doses of 
denosumab until September 2019 when she underwent 
hysterectomy with the suspicion of endometrial cancer. 
Although the histopathology was negative, she presented 
serious wound infection. Additionally, the patient was 
suffered from diabetes mellitus and psoriatic arthritis. 

Upon her arrival at the emergency department, she 
reported that was experienced continuous pain in her left 
thigh, for a period of eight months. Although an initial frontal 
radiograph of the left hip showed localized thickening of 
the lateral cortex in the subtrochanteric region of the left 
femur, the examination was misinterpreted as normal (Figure 
1). Moreover, bone scan obtained in November 2019, two 
months since the patient discontinued denosumab, showed 
increased tracer uptake at the subtrochanteric area, while 
the previous bone scan obtained in July 2018 was negative 
(Figure 2). 

The recent serial hip radiographs revealed a complete 
non-comminuted transverse subtrochanteric fracture 
at the left femur with focal lateral cortical thickening and 
a small medial spike (Figure 3), while radiographs at the 
contralateral femur were negative. At the time of fracture, 
the following blood test results were found: urine (47mg/dl, 
normal range 10-50 mg/dl), creatinine (0,9 mg/dl, normal 
range 0,5-1,5 mg/dl), alkaline phosphatase (52 U/L normal 
range 25-130 U/L), blood calcium (8,2 mg/dl, normal 
range 8,2-10,4 mg/dl), blood phosphate (2,5 mg/dl, normal 
range 2,5-4,5 md/dl) and parathyroid hormone (69 pg/ml, 
normal range 15-69 pg/ml) were in normal ranges, while 
25-hydroxy-vitamin D level was low (12,6 ng/ml, normal 
range 20-40 ng/ml). No bone turnover markers obtained 
at the time of fracture or at any point during the course of 
the patient. Patient underwent DXA scan only twice in her 
life, the first one five years before and the second one nine 
months after AFF, with normal BMD values.

Multidetector computed tomography (MDCT) of pelvis and 
femurs was performed for exclusion of a MBD fracture. The 
MDCT scan demonstrated imaging features suggesting stress 
fracture such as complete transverse fracture line at the 
subtrochanteric region of left femur with focal lateral cortical 
thickening of the shaft, no aggressive periosteal reaction, no 
endosteal scalloping or soft tissue mass (Figures 4a-b).

Long cephalomedullary interlocking nailing was performed 
and histopathology showed no evidence of malignancy. The 

Figure 1. Anteroposterior radiograph of both femurs performed 
one month before the occurrence of the complete AFF showing 
a localized periosteal thickening in the lateral cortex of the left 
femur (arrow). 

Figure 2. The three-phase bone scintigraphy obtained after 
eleven doses of denosumab showing increased tracer uptake 
in the lateral aspect of the proximal femur (arrow), while the 
three-phase bone scintigraphy obtained before the initiation of 
denosumab was negative.
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fracture healed in a normal time period of 5 months with 
callus formation (Figure 5). Postoperatively, vitamin D was 
commenced. Denosumab was given again in oncologic dose 
120 mg monthly, six months after the fracture occurrence in 
order to prevent SRE and since there was no evidence of AFF 
in the contralateral femur.

Discussion 

BPs given in high doses, usually at frequent of monthly 
interval, intravenously or orally, seemed to delay the time of 
first SRE and to decrease the incidence of SRE1. Oncologic 
dosing of denosumab comparing with BPs in MBD patients 
was proved to reduce the risk and to delay the time of the first 
SRE even more2. Despite the proven efficacy of both BPs and 
denosumab in preventing SRE, their use in long-term, high-
doses and sequential manner in MBD patients is reported to 
be associated with increased risk for AFFs3-7.

The American Society for Bone and Mineral Research 
(ASBMR) task force described major and minor defining 
features of AFF8. Our case had all of the major features: the 
location was the subtrochanteric region, the fracture was 
transverse with a small medial spike, there was no trauma, 
there was no comminution, and there was a focal periosteal 
reaction of the lateral cortex. Regarding the minor features, 
there was generalized lateral cortical thickening and 

Figure 3. Anteroposterior radiograph of left femur shows a non-
comminuted transverse subtrochanteric fracture with lateral 
cortical hypertrophy and medial spiking. Note the generalized 
increase in lateral cortical thickness (arrow).

Figure 5. Anteroposterior radiograph of left femur 5 months 
after the operation, showing healing of the fracture with callus 
formation.

Figures 4. Sagittal and coronal MDCT scan of the left femur 
revealed a non-comminuted transverse subtrochanteric fracture 
with localized periosteal thickening in the lateral cortex (arrow).
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prodromal pain, but not bilaterality. 
Pathological fractures are excluded from ASBMR definition 

for AFF8. In the setting of complicated patients with advanced 
cancer, AFF may be confused with a pathological fracture. 
First of all, it should be noted that cortical bone metastases 
are very rare. Secondary, additional cross-sectional imaging 
with MDCT or MRI should be used for the distinction of 
pathological fractures from the insufficiency fractures like 
AFF9. MDCT scan in our case revealed features such as focal 
callus formation and endosteal thickening around a fracture 
site which are suggestive of a stress fracture. It didn’t reveal 
features like aggressive periosteal reaction, bone marrow 
pattern of destruction, endosteal scalloping, mineralized 
matrix and a large soft tissue mass which are present in 
pathological fractures. Additionally, histopathology of tissues 
obtained during surgery showed no evidence of malignancy. 

The current consensus is that AFFs are stress or 
insufficiency fractures that develop over time8. Since, 
antiresorptive agents like BPs and denosumab inhibit 
osteoclast function10,11, (osteoclast inhibitors) and cause 
a reduction of bone turnover, long-term use or high 
doses are associated with an altered bone structure and 
biomechanics. Microcracks within femoral lateral cortex are 
not adequately repaired due to severely bone suppression, 
accumulate and over the time these can precipitate a 
fracture. Moreover, BPs and denosumab inhibit osteoclast 
function through different pharmacological pathways and 
BPs are retained in bone for several months to years10,11. 
Sequential treatment with BPs and denosumab might lead 
to an overlapping treatment effect and increased bone 
suspension, due to the addition of the effect of denosumab 
on the residual BPs effect. A multi-center retrospective 
study found that the incidence rate of AFF was 1.8% 
among 277 cancer patients who had received monthly 
denosumab treatment7. In the same study long-term 
denosumab treatment and prior zoledronic acid treatment 
were identified as risk factors for the development of AFF. 
Our patient was treated sequentially with zoledronic acid 
and denosumab in high doses for more than 8 years. Major 
limitations in the supporting of the overlapping effect in the 
present patient are the lack of BMD values, bone turnover 
markers and histological indexes of bone turnover at the 
end of both zoledronic and denosumab treatments. 

On the other hand it is well documented that discontinuation 
of denosumab therapy may be followed by rebound-
associated vertebral fractures in a period of 3 to 12 months 
due to the synergy of rapid bone resorption and accelerated 
microdamage accumulation in trabecular bone12. In the same 
way, the activation of bone remodeling units at the time of 
loss of denosumab effect, in an area with microdamage 
accumulation due to failure of microdamage repair in cortical 
bone caused by the previous bone suppression from the 
antiresorptive treatment, may accelerate the occurrence of 
the AFFs. Again, major limitations in the supporting of this 
hypothesis in the present patient are the lack of bone turnover 
markers values as well as the lack of histological indexes of 
bone turnover and microdamage accumulation. In our case, 

denosumab was given monthly for eleven doses sequentially 
after a long-term BPs therapy and it was discontinued for six 
months before complete AFF occurred due to serious wound 
infection after hysterectomy although wound infection is not 
an indication for denosumab discontinuation. The rebound 
phenomenon six months after denosumab discontinuation 
was not mitigated from zoledronic acid retained to bones 
because its effect was decreased seventeen months after its 
discontinuation. Moreover, in a period of eight months before 
AFF occurrence, patient continued to walk bearing full weight 
although she experienced pain in the left thigh. 

In addition, stress concentration on the lateral cortex of the 
femur especially in curved femur is considered to be possible 
contributing factor13-16. Multiple other factors associated with 
deterioration of bone quality such as certain medications 
use (glucocorticoids, proton pump inhibitors)17,18, certain 
comorbid conditions (diabetes, rheumatoid arthritis and 
other autoimmune diseases)16,18, and conditions with 
impaired mineralization caused by osteomalacia or vitamin 
D deficiency8, are considered as risk factors for AFF. Our 
patient presented diabetes mellitus, psoriatic arthritis and 
vitamin D deficiency.

The presence of prodromic symptoms and subclinical 
imaging changes in the lateral femoral cortex should be 
assessed among patients with MBD treated with BPs 
or denosumab4,7. In our case, the incomplete AFF went 
unrecognized despite the thigh pain lasting for eight months 
and the focal cortical thickening along the lateral cortex of 
the proximal femur until it proceeded to a complete AFF.

Static intramedullary nailing is the first-line treatment for 
AFF in patients with MBD. Although, stopping of denosumab 
or BPs therapy, as well as the prescribing of calcium and 
vitamin D are mandatory in order to avoid AFF bilaterally 
and to improve the fracture healing, they must be accurately 
weighted in patients with MBD. Moreover, teriparatide 
treatment although found to reduce the time to union of AFFs 
treated with intramedullary nails9, is unsuitable for patients 
with MBD.

Conclusions

In conclusion, sequential treatment with zoledronic acid 
and denosumab in patients with MBD leads to an overlapping 
treatment effect and increases bone suspension, due to 
the addition of the effect of denosumab on the residual 
bisphosphonates effect, increasing the risk of AFF. 
Additionally, discontinuation of denosumab may activate 
bone remodeling units at the time of loss of its effect in an 
area with microdamage accumulation, due to failure of 
microdamage repair in cortical bone caused by the previous 
bone suppression from the antiresorptive treatment and may 
accelerate the occurrence of the AFF. 

Ethics approval and consent to participate

Institutional Review Board of Asclepieion Voulas General Hospital 
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