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HIGHLIGHTS

o Atypical femoral fractures (AFFs) are suggested to have association with bone resorption inhibitors for osteoporosis.
o Bone modifying agents (BMAs) for bone metastasis are also bone resorption inhibitors with more dosage.

o It is difficult to cease BMA because of AFF occurrence.

e Bone union time of AFF in BMA using patients was longer than ordinary AFF.

o It would be important to prevent complete AFF via prophylactic internal fixation.

ARTICLE INFO ABSTRACT

Keywords: Bone-modifying agents (BMAs), with bone-resorptive inhibitory effects, such as zoledronic acid and denosumab,
Atypical femoral fracture are widely used at higher doses for bone-related events caused by bone metastasis of malignant tumors. These
Bone metastasis drugs have been suggested to be associated with atypical femoral fractures (AFFs), and the relationship between
Zoledronic acid BMAs and AFFs has attracted attention. To investigate the clinical features including bone union time of AFFs in

Denosumab . . . . . .
Bone-modifying agent patients administered BMA for bone metastasis, we conducted a retrospective multicenter study. Thirty AFFs
Bisphosphonate from 19 patients were enrolled in this study. Thirteen patients had bilateral AFFs, and nineteen AFFs had pro-

dromal symptoms. Eighteen AFFs underwent surgery after complete fracture, three failed to achieve bone union
and required nonunion surgery, and 11 AFFs that achieved bone union had an average period until bone union of
16.2 months, which was much longer than that previously reported for ordinary AFFs. Seven patients dis-
continued the BMAs, but not due to AFFs. Stopping BMAs in patients with bone metastasis would make it difficult
to secure their performance of activities of daily living, and AFF with BMA administration might require a longer
time for union. Therefore, it would be important to prevent incomplete AFF from becoming complete AFF via
prophylactic internal fixation.
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Table 1
Inclusion and exclusion criteria.
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Table 2
Patient characteristics.

Inclusion criteria

1) Surgery for an AFF performed between 2010 and 2019 at the participating
institutions

2) History of BMA (zoledronate acid or denosumab) administration before diagnosis
of AFF

3) Available treatment information in the medical records

Exclusion criteria

1) Refusal to participate in the current study based on the opt-out
2) Patient’s inappropriateness for the study as deemed by the principal investigator

1. Introduction

Malignant tumors can metastasize to any part of the body, and
metastasis accounts for more than 90% of malignant tumor-related
deaths [1]. Various tumor types have preferential sites of metastases;
however, the bone is a common site for distant metastasis [2,3].

It is feared that recent improvements in the prognosis of primary
malignant tumors could lead to an increasing prevalence of skeletal-
related events (SREs), including pathologic fractures, spinal cord
compression, surgery of metastatic bone, and hypercalcemia following
bone metastasis. Zoledronic acid (a type of bisphosphonate) and deno-
sumab (an antibody against the receptor activator of nuclear factor-
kappa p ligand) suppress bone resorption. They are widely used for
the treatment of bone metastasis and are called bone-modifying agents
(BMAs), whose efficacy in reducing SREs has been demonstrated in
many studies [4-6]. Moreover, these drugs are regarded as effective in
improving quality of life and decreasing bone pain [7-9].

These bone resorption inhibitors are also considered standard med-
ications for osteoporosis, but the number of reports indicating a causa-
tive relationship between these drugs and the occurrence of atypical
femoral fractures (AFFs) has been increasing [10-14]. It has been re-
ported that long-term use of bisphosphonates results in an increased risk
of AFFs [15,16]. In addition, there are reports on the relationship be-
tween denosumab and AFF [17-20]. As the doses of zoledronic acid and
denosumab for bone metastasis are notably higher than those for oste-
oporosis, it is predicted that the abnormal clinical features of AFF might
be more difficult to resolve in patients with bone metastasis than in
those with osteoporosis. However, AFF has not been well studied in
patients with bone metastasis treated with bone resorption inhibitors.
The purpose of this study was to retrospectively investigate clinical
features including bone union period of AFF cases in patients from
several institutions who had malignant tumors and were receiving these
drugs.

2. Materials and methods

This study was approved by the institutional review boards of all
nine participating medical institutions. The participants were patients
who were diagnosed with AFF, surgically treated in any participating
institution from 2010 to 2019, and who had been treated with BMAs for
bone metastases before being diagnosed with AFF. We included patients
1) who underwent surgery for AFF between 2010 and 2019 at the
participating institutions, 2) who had a history of BMA (zoledronate acid
or denosumab) administration before the diagnosis of AFF, and 3) whose
treatment information could be obtained from the medical records. We
excluded patients who 1) did not participate in the current study based
on the opt-out and 2) were deemed inappropriate for the current study
by the principal investigator (Table 1). AFF was diagnosed according to
the revised major criteria of the American Society for Bone and Mineral
Research (ASBMR) Taskforce [21]. Thirty AFFs in 19 patients were
enrolled, and age, sex, primary malignant tumor, administered BMAs
(zoledronic acid and/or denosumab), BMA administration period,

Patient  Right or Age at AFF Sex Primary malignant

Left surgery tumor
(years)

1 Right 71 Male Prostate cancer
Left 73

2 Left 56 Female  Breast cancer
Right 56

3 Right 71 Female  Breast cancer
Left 71

4 Right 69 Female  Lung cancer

5 Left 60 Female  Multiple myeloma

6 Right 56 Female  Renal cancer

7 Right 53 Female  Breast cancer
Left 52

8 Left 65 Female  Breast cancer
Right 62

9 Right 53 Female  Breast cancer
Left 53

10 Right 74 Female  Breast cancer
Left 74

11 Right 45 Female  Breast cancer

12 Right 76 Female  Breast cancer

13 Right 71 Female  Breast cancer

14 Left 59 Female  Breast cancer

15 Right 46 Female  Breast cancer
Left 47

16 Right 53 Female  Breast cancer
Left 53

17 Left 77 Female  Breast cancer
Right 70

18 Left 70 Female  Breast cancer

19 Right 63 Female  Breast cancer
Left 66

presence of prodromal symptoms, fracture type, implants for surgeries,
bone union, and cessation of BMA administration were studied based on
medical records.

2.1. Radiographic assessment

The fracture type (complete or incomplete) was judged in each
participating institution where surgery was performed and confirmed by
three orthopedic trauma surgeons. Three orthopedic surgeons assessed
the radiographs of each patient and independently determined the time
of bone union. The bone union time of the patient was the time bone
fusion was considered to have occurred based on the judgment of two or
more orthopedic surgeons. The bone union period was calculated as the
number of months between the surgery for AFF and the patient’s bone
union time. The inter-observer reliability was assessed with intraclass
correlation coefficients (ICCs) [22] using IBM SPSS Statistics 26 (IBM
Inc., Chicago, IL, USA).

3. Results
3.1. Patient characteristics (Table 2)

No patient was excluded for opting out or for being deemed as
inappropriate for the study by the principal investigator. The mean age
of the patients at AFF surgery was 62.2 (range 45-77) years. Eighteen
women and one man were included in the study. The primary malignant
tumors were lung cancer, prostate cancer, renal cancer, multiple
myeloma in one case each, and breast cancer in 15 cases. The primary
malignant tumor in the male patient was prostate cancer.

3.2. Administered bone-modifying agents (Table 3)

In 30 AFFs, BMAs prior to AFF diagnosis were zoledronic acid and
denosumab in 16 AFFs, zoledronic acid in 12 AFFs, and denosumab in 2
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Table 3

Administered BMA and administration period.

Patient  Right Administered BMA prior to AFF BMA administration
or Left  diagnosis period before AFF
surgery (months)
1 Right Zoledronic acid 39.0
Left Zoledronic acid — Denosumab 73.0
2 Left Zoledronic acid 41.0
Right Zoledronic acid 41.0
3 Right Zoledronic acid - Denosumab 76.0
Left Zoledronic acid — Denosumab 76.0
4 Right Zoledronic acid 84.5
5 Left Zoledronic acid 17.2
6 Right Zoledronic acid 30.0
7 Right Zoledronic acid 57.1
Left Denosumab 45.1
8 Left Zoledronic acid — Denosumab 91.4
Right Zoledronic acid — Denosumab 61.9
9 Right Denosumab — Zoledronic acid 71.7
Left Denosumab — Zoledronic acid 65.4
10 Right Zoledronic acid — Denosumab 150.6
Left Zoledronic acid — Denosumab 156.9
11 Right Zoledronic acid 75.8
12 Right Zoledronic acid — Denosumab 25.9
13 Right Zoledronic acid 49.4
14 Left Zoledronic acid — Denosumab 124.7
15 Right Zoledronic acid 75.6
Left Zoledronic acid 85.7
16 Right Zoledronic acid — Denosumab 108.9
Left Zoledronic acid — Denosumab 108.9
17 Left Zoledronic acid 181.0
Right Zoledronic acid 90.0
18 Left Zoledronic acid — Denosumab 28.8
19 Right Zoledronic 47.6
acid — Denosumab — Zoledronic
acid — Denosumab
Left Zoledronic 77.4
acid — Denosumab — Zoledronic
acid — Denosumab
Table 4

Fracture-related information.
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AFFs. Of the 16 AFFs with both BMAs, 12 AFFs occurred after the
administration of zoledronic acid followed by denosumab and two AFFs
occurred after the administration of denosumab followed by zoledronic
acid. In the remaining two AFFs, zoledronic acid was changed to
denosumab, but the patient had a recurrence of bone pain and was re-
prescribed zoledronic acid. However, the patient was placed again on
denosumab because of decreased renal function. The average adminis-
tration period of BMAs before AFF surgery was 75.3 (range 17-181)
months.

3.3. Fracture-related items (Table 4)

Prodromal symptoms were observed in 19 of 30 AFFs (63%), and
bilateral AFF were observed in 13 of 19 cases (68%). In two of the cases
of bilateral AFFs, one side was treated surgically, while the other side
was managed conservatively without surgery; these cases were not
included in the analyses. The fracture sites were the subtrochanteric
area in 27 AFFs (90%), diaphysis in 2 AFFs, and both the subtrochanteric
area and diaphysis in 1 AFF. Eighteen AFFs were complete fractures
during the surgeries, whereas prophylactic surgeries were performed for
12 incomplete AFFs. Three of these incomplete AFFs resulted in a
complete fracture during surgery.

3.4. Treatment for AFF (Table 5)

Intramedullary nails were used for 28 AFFs, while sliding hip screws
were used for 2 AFFs (due to narrow medullary canals of the femurs).
These 2 AFFs were actually fractures in the same patient; one was a
complete fracture and the other was an incomplete fracture. The mean
follow-up period after surgeries was 32.3 (range 1.2-120.1) months.
Bone fusion was observed in 11 of the 18 complete AFFs. The average
fracture healing period of the 11 AFFs assessed by the three orthopedic
trauma surgeons was 15.1 (range 4.6-29.6) months. The inter-observer
ICC for the fracture healing period was excellent (0.769). Regarding
three incomplete AFFs resulting in complete AFFs intraoperatively, two
fractures achieved bone fusion at 6.1 and 3.1 months postoperatively,

Patient Right or Left Bilateral AFF Prodromal symptom Fracture level Fracture type Intraoperative complete fracture
1 Right v Subtrochanter Complete
Left Subtrochanter Complete
2 Left v v Subtrochanter Complete
Right v Subtrochanter Incomplete
3 Right v v Subtrochanter/Diaphysis Incomplete
Left v Subtrochanter Incomplete
4 Right v Subtrochanter Complete
5 Left v Diaphysis Complete
6 Right v Subtrochanter Incomplete v
7 Right v v Subtrochanter Incomplete
Left Subtrochanter Complete
8 Left v v Subtrochanter Incomplete v
Right v Subtrochanter Complete
9 Right v v Subtrochanter Incomplete
Left v Subtrochanter Complete
10 Right v v Subtrochanter Complete
Left 4 Subtrochanter Incomplete
11 Right Subtrochanter Complete
12 Right v Subtrochanter Incomplete
13 Right v Subtrochanter Complete
14 Left v Subtrochanter Complete
15 Right v v Subtrochanter Complete
Left v Subtrochanter Complete
16 Right v Subtrochanter Incomplete
Left Subtrochanter Incomplete v
17 Left v v Subtrochanter Incomplete
Right Subtrochanter Complete
18 Left v Subtrochanter Complete
19 Right v Subtrochanter Complete
Left Diaphysis Complete
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Table 5
Treatment related information.
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Patient  Right or Implant Follow-up period after surgery Bone Period to bone fusion Reason for BMA discontinuation Occurrence of
Left type (months) fusion (months) ONJ
1 Right Nail 43.3 o 29.6 v
Left Nail 13.3 X
2 Left Nail 77.9 o 24.8
Right Nail 77.7 N.A. *
3 Right Nail 4.4 N.A.
Left Nail 4.4 N.A.
4 Right Nail 333 X Unknown
5 Left Nail 8.0 N.A. Risk of ONJ
6 Right Nail 57.6 o 6.1%
7 Right SHS * 52.5 N.A. Unknown
Left SHS 64.6 X Unknown
8 Left Nail 4.7 X
Right Nail 34.2 o 23.3
9 Right Nail 15.6 N.A. Unknown
Left Nail 21.9 o 4.6 Unknown
10 Right Nail 5.5 o 21.0
Left Nail 34.0 N.A.
11 Right Nail 24.1 o 7.6 Deterioration of the general
condition
12 Right Nail 33.1 N.A.
13 Right Nail 2.1 X Deterioration of the general
condition
14 Left Nail 1.2 X Deterioration of the general v
condition
15 Right Nail 29.3 o 16.1 v
Left Nail 18.2 o 15.4
16 Right Nail 67.4 N.A.
Left Nail 67.4 o 3.1%
17 Left Nail 13.5 N.A
Right Nail 120.1 o 12.2
18 Left Nail 12.4 o 5.5
19 Right Nail 51.3 X
Left Nail 21.5 o 6.4

§: bone union time after intraoperative fracture of incomplete AFF.

N.A.: not applicable since surgeries were performed for incomplete AFFs.
SHS: sliding hip screw, ONJ: osteonecrosis of jaw.

o: bone union achieved.

x: bone union not confirmed in follow up.

and the other patient died 4 months after AFF surgery without bone
fusion.

The treatment courses of 7 AFFs where surgery was performed for
complete fracture, but bony union was not confirmed are outlined
subsequently. In four of these AFFs, the patients died before bone union
was achieved. The follow-up periods at the time of death were 1, 2, 8,
and 13 months postoperatively. For the other 3 AFFs, nonunion sur-
geries were performed 9, 9, and 35 months, respectively, after the AFF
surgeries. The initial surgeries for these three AFFs were performed
using short femoral nails, sliding hip screws, and intramedullary nails.
The fractures fixed with intramedullary nails were fixed following an
inappropriate reduction. Insufficient stability and inappropriate reduc-
tion at the fracture sites were considered the main factors that induced
nonunion. Two of these three nonunions following AFFs achieved bony
union, and the other AFF nonunion did not achieve complete bony union
at the latest follow-up of 16 months after nonunion surgery.

There were 7 cases of discontinuation of BMAs during follow-up. The
reasons for discontinuation were deterioration of the general condition
in 3 cases, risk of osteonecrosis of the jaw (ONJ) in 1 case, and unknown
in 3 cases. Multiple myeloma was the primary malignant tumor in the
case where BMA was discontinued owing to the risk of ONJ.

Three patients were diagnosed with ONJ and were treated during
follow-up after AFF surgery; however, BMAs were not discontinued in
all three cases.

3.5. Case presentation

A female patient was diagnosed with breast cancer with bone

metastasis at the age of 52 years, after which zoledronic acid was used as
BMA for 3 years and 5 months. At the age of 56, she noticed bilateral
thigh pain, which was later identified as a prodromal symptom. She was
subsequently diagnosed with bilateral subtrochanteric AFFs and
referred to our institution for further treatment. Radiographs showed a
thickened lateral cortex at both subtrochanteric levels (Fig. 1).

Two parts of the thickened cortex were observed on the right femur.
Although prophylactic surgery with an intramedullary nail was recom-
mended considering the fracture risk, she refused surgery. During
observation in the outpatient clinic, she developed a sudden onset of
severe left femoral pain when loading the left lower limb while riding a
motorcycle, and a complete fracture was diagnosed (Fig. 2).

The left femoral fracture was fixed with an intramedullary nail
(Fig. 3), and 1 week later, she underwent prophylactic surgery with an
intramedullary nail for an incomplete fracture on the contralateral side
(Fig. 4).

Full weight-bearing on the left leg was allowed 3 weeks post-
operatively. She was able to walk with a cane one month after the initial
surgery. Thirty-three months after the osteosynthesis, bony union was
observed radiographically (Fig. 5), and there was no limit on activities of
daily living (ADLs) at the final follow-up 36 months postoperatively.

4. Discussion

We reported a retrospective series of patients with AFFs who
received treatment with BMAs for bone metastases. The number of re-
ports of AFF following the administration of bisphosphonates to patients
with malignant tumors has increased in recent years [23-25]. In a report
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Fig. 1. Radiographs taken immediately after referral to our institution. (A)
Right femur. Two lateral beaks with thickened cortices at the subtrochanteric
level were shown (white arrows) (B) Left femoral shaft showing one lateral beak
at the proximal diaphyseal level (white arrow).

by Puhaindran et al., 4 in 327 patients with skeletal malignant
involvement who received intravenous bisphosphonates were noted as
having AFF [25]. Chang et al. reported 6 cases of AFF in 62 femoral
fractures in patients with breast cancer and multiple myeloma using
bisphosphonates for bone metastasis [23]. In the study of Edwards et al.,
23 cases of AFF were radiographically identified in 10,587 patients with
malignant tumor using bisphosphonates [24]. Occurrences of AFF have
also been reported in patients with malignant tumors being treated with
denosumab, although they have been fewer than in those receiving
bisphosphonates [26,27]. A retrospective study conducted by Yang et al.
demonstrated that the incidence of AFF in patients receiving denosumab
for metastatic bone disease was 0.4% (1 of 253 cases), and the incidence
based on radiological review was 4.5% (3 of 66 cases) [27]. However,
the incidence of AFF in patients receiving bisphosphonate for osteopo-
rosis was reported as 5 cases per 10,000 patient-years by Schilcher et al
[14], and a recent study reported an incidence of 1.74 cases per 10,000
patient-years [10]. For patients receiving denosumab treatment for
osteoporosis, the incidence of AFF is 0.8 cases per 10,000 patient-years
[28]. The reported incidence of AFF in patients receiving for bone
metastasis, although they differ among studies, seem to be higher than
that in patients receiving BMA for osteoporosis. The current study
contained as many as 30 AFFs in 19 cases of BMA administration for
bone metastasis. To the best of our knowledge, our study included the
largest number of cases compared to previous reports; therefore, the
number of cases seems valuable for determining the clinical features of
such rare fractures.

Prodromal symptoms, such as femoral and groin pain, are present in
approximately 70% of AFFs [29]. In the current study, prodromal
symptoms were recognized in 19 of 30 fractures (63%); this rate is
supposed to be similar to that of ordinary AFFs. Bilateral occurrence is a
characteristic of AFF and is described as a minor feature in the ASBMR
definition [21,29]. Bilateral fractures were reported in 28% of patients
and bilateral radiologic changes were recognized in 28% of patients with
AFF, not limited to those with bone metastases [21,29]. In the current
study, 13 of 19 patients (68%) had bilateral AFFs. Although the sample
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Fig. 2. Radiograph of the left femur with a complete atypical femoral fracture
at the level of the beak demonstrated in Fig. 1.

size was small, patients with AFF who were taking denosumab and/or
zoledronic acid for bone metastasis might have had bilateral fractures
more frequently than those without BMA administration.

In the future, as the number of cancer patients increases, those taking
BMAs will increase, and AFFs related to these drugs will also increase
owing to improvements in the prognosis of patients with malignant tu-
mors. Three problems that do not need to be considered when treating
ordinary AFF without bone metastasis could exist when treating AFF
with bone metastasis. First, alternative drugs for SREs that are currently
available in clinical settings are limited; therefore, it is difficult to stop
the administration of BMAs. Although the discontinuation of
bisphosphonates has been reported to decrease the risk of AFF [11,14],
BMA cannot be discontinued in AFF patients with bone metastasis as it
may lead to decreased ADL performance in the patient. In fact, there
were no cases where BMA was discontinued because of AFF. However,
some clinical trials investigated the effects of a de-escalation of the
administrated BMA amount; they revealed that SRE prevention achieved
by a 12-week therapy was non-inferior to that achieved by a 4-week
therapy [30-33]. Therefore, in case BMAs are difficult to discontinue,
de-escalation of BMAs could be a reasonable option for patients with
AFFs and bone metastasis. Second, teriparatide can be used as an
anabolic agent for the treatment of osteoporosis patients with AFF
[34,35]. However, it is contraindicated in the presence of bone metas-
tases; therefore, BMAs cannot be replaced with teriparatide for AFF with
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Fig. 3. Radiographs of the left femur just after osteosynthesis with intra-
medullary nailing. (A) Anterior-posterior view, (B) Lateral view.

Fig. 4. Radiographs of the right femur after prophylactic surgery for incom-
plete atypical femoral fracture with intramedullary nailing. (A) Anterior-
posterior view, (B) Lateral view.

bone metastases. Conversely, the prolonged fracture-healing period in
the current study would be a severe problem for patients with bone
metastases whose life prognosis may be limited as compared to that of
otherwise healthy people with these fractures. The possibility of off-
label use of teriparatide, which has been reported to promote fracture
healing [36-38], might be reconsidered. Third, higher doses of bone
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(B)

Fig. 5. Radiograph of the left femur 2 years and 9 months after the surgery
showing bone union. (A) Anterior-posterior view, (B) Lateral view.

resorption inhibitors are used for bone metastases than for osteoporosis;
therefore, the influence of these drugs on AFF are expected to increase.
Zoledronic acid at 4 mg/3 weeks has been reported to reduce SRE in
prostate cancer patients with bone metastases [5], while the clinical
dosage of zoledronic acid for osteoporosis is 5 mg once a year. This
discrepancy in dosage between osteoporosis and bone metastasis as the
target disease has also been applied to denosumab [39,40]. Based on
these points, patients with AFF taking zoledronic acid and/or denosu-
mab for bone metastases are likely to be more difficult to treat than those
without a malignant tumor. Delayed union is a characteristic of AFF and
is listed as a minor feature in the ASBMR definition. The average healing
time for AFFs was reported as 5.2 months in a study of 179 patients by
Bogdan et al [41]. According to a meta-analysis of 833 AFFs, the mean
time to healing was 7.3 (range, 2-31) months postoperatively [42].
Compared to in these reports, the healing time of complete AFFs in the
current study (average 15.1 months) was longer, although our patients
differed from the patients in these previous studies in terms of several
factors (including sex, age, ethnicity, and so on). The reason for the
longer healing time is unknown; however, it may be related to the higher
drug dosage used for bone metastasis. Considering the prolonged heal-
ing time, it is important to prevent incomplete AFFs from proceeding to
complete fracture. Thus, imaging examination should be performed
quickly when prodromal symptoms appear, and attention should be paid
to bilateral occurrence.

The current study had some limitations. First, it was a retrospective
study involving a single cohort. Second, the sample size was relatively
small. To investigate the characteristics of AFF in patients with meta-
static bone tumors who were administered BMAs, including the period
of fracture healing, further studies with a larger sample size and AFF
without bone metastasis are required.

5. Conclusions
It is necessary to consider the occurrence of AFF in patients with

bone metastases receiving BMAs. Since AFF with bone metastasis might
require a longer time to achieve union, it would be important to prevent
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incomplete AFF from proceeding to complete AFF via prophylactic in-
ternal fixation, taking care of prodromal symptoms and bilateral
occurrence.

6. Institutional review board statement

The Institutional Review Board of Kobe University Hospital
approved this study (approval number: B190034). The institutional re-
view boards of all other participating institutions approved the study.
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