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Abstract 

Objective The objective of this study was to establish a zone of clinical equipoise for the Proximal FEmur Resection 
or Internal Fixation fOR Metastases (PERFORM) randomized controlled trial, which will compare resection and endo-
prosthetic reconstruction to internal fixation for skeletal metastases of the proximal femur.

Methods A survey was developed, piloted, and distributed to self-declared interested stakeholders in the PERFORM 
trial. The survey targeted orthopedic oncologists and was designed to assess patient and bone lesion characteristics 
that drive surgical decision-making in the treatment of skeletal metastases in the proximal femur. An Ethics Waiver 
was obtained at the lead academic institution and data was collected in the REDCap survey database.

Results Responses were complete from 76 surgeons across North America, South America, Europe, Asia, and Africa. 
Response rate from self-declared interested stakeholders was 70%, with additional responses collected from a broader 
international audience. Responses indicate that a study population for which either resection and endoprosthetic 
reconstruction or internal fixation are acceptable options include (1) life expectancy at least 6 months, (2) bone loss 
of no more than 75% and no less than 25%, and (3) minimal to moderate risk for perioperative complications. Ninety-
three percent of respondents indicated that they would be interested in participating in the PERFORM trial.

Conclusion A preliminary zone of equipoise for the PERFORM trial includes patients with 25–75% bone loss, low 
to moderate risk of operative complications, and life expectancy of at least 6 months. Further stakeholder discussions 
have finalized the PERFORM trial protocol prior to study initiation.
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Background
Metastatic bone disease presents significant morbidity 
to patients and cost to the healthcare system, account-
ing for an estimated 17% of cancer-related cost burden in 
the USA [1]. The proximal femur is one of the most com-
mon sites of skeletal metastases in cancer patients, and as 
a weight bearing region subjected to high biomechanical 
forces, it is at elevated risk of fracture. It is estimated that 
pathologic fractures occur in 10–30% of cancer patients, 
a significant number of which occur in the proximal 
femur, resulting in substantial morbidity [2, 3]. Approxi-
mately 50% of metastatic proximal femoral lesions occur 
in the intertrochanteric or subtrochanteric region, with 
the other 50% located in the femoral neck [4, 5].

Currently, the mainstay of treatment internationally for 
proximal femur bone metastases that involve the inter-
trochanteric or subtrochanteric region is prophylactic 
internal fixation, most commonly with intramedullary 
nailing [6–8]. This has a number of advantages, including 
protection of the entire bone, minimal dissection of soft 
tissue, low cost, simplicity of procedure, and low infec-
tion rate [9, 10]. However, prophylactic fixation carries 
the risk of disease progression and/or progression and 
subsequent implant failure [4, 11–14].

Alternatively, an increasing number of surgeons are 
using endoprosthetic resection and reconstruction as 
a surgical technique to address metastatic bone dis-
ease of the proximal femur, particularly in patients 
with extensive intertrochanteric and subtrochanteric 
bone loss [4, 15]. This carries the advantage of immedi-
ate stability without the need for bone healing, as well 
as resection of all local disease, reducing risk of local 
recurrence. However, these procedures are more com-
plex and costly, involve larger areas of soft tissue dissec-
tion and greater blood loss, and carry their own set of 
complications, such as periprosthetic infection and hip 
dislocation, making this procedure less appropriate for 
palliative surgery [13, 14, 16, 17].

Historically, the median survival for patients with bone 
metastases has been relatively short but varies by cancer 
primary diagnosis. However, with advancing treatments, 
patients may now live years after their cancer diagno-
sis [2, 3]. Thus, an increasing percentage of patients 
who would historically be treated with an intramedul-
lary nail may be more appropriately treated with resec-
tion and reconstruction. A study by the Royal College 
of Surgeons estimated a nail breakage rate of up to 16% 
in patients with pathologic fractures, with a mean time 
to breakage of 10  months [18]. Longer life expectancy 
in cancer patients with advances in oncologic treatment 
may lead to a greater number of patients “outliving” 
their intramedullary fixation. The clinical question of 

intramedullary nailing versus reconstruction for proxi-
mal femur metastases has been explored at multiple 
institutions around the world, including the USA, France, 
China, Japan, and the UK [7, 11–15, 19, 20]. While these 
studies form part of a growing body of evidence to sug-
gest that resection and endoprosthetic reconstruction 
may have advantages over internal fixation in regard to 
disease-related and quality of life outcomes, they have 
all been retrospective in nature. Higher level of evidence 
with less systemic bias is needed to explore the potential 
advantages of moving towards resection and endopros-
thetic reconstruction as a treatment option.

The Proximal FEmur Resection or Internal Fixation 
fOR Metastases (PERFORM) study is a proposed rand-
omized control trial that aims to compare patient-cen-
tered outcomes following resection and endoprosthetic 
reconstruction with internal fixation in patients with 
metastatic bone disease of the proximal femur. In order 
to design a valid study protocol, a study population needs 
to be defined in order to establish a zone of clinical equi-
poise between the two proposed treatment arms. The 
aim of the current study was to survey orthopedic oncol-
ogists regarding their practices in the treatment of proxi-
mal femur bone metastases in order to understand which 
patients may be appropriate for randomization.

Methods
Question development
The survey was developed using relevant concepts and 
approaches identified in the literature [21, 22]. An initial 
draft of the survey was reviewed by the senior authors 
and revised for face and content validity. The survey 
was then piloted on a group of international orthopedic 
oncology surgeons who provided feedback on the validity 
of the content and the logical flow of the survey. A final 
revised version was created on REDCap.

Survey format and content
The questionnaire consisted primarily of closed-ended 
questions as multiple choice or numerical rank format. 
Several opportunities for open-ended feedback were 
included to provide additional insight into future trial 
design and patient selection.

The first portion of the survey included participant 
demographics. The second portion of the survey asked 
participants to rank a list of 8 patient characteristics or 
lesion characteristics in order of importance when decid-
ing on surgical treatment, including age of patient, life 
expectancy, baseline ambulatory status, degree of bone 
destruction, medical comorbidities, impending vs path-
ologic fracture, number of other bone metastases, and 
number of visceral metastases.
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Participants were then asked to determine if certain 
patient or lesion characteristics would lead them to be 
more likely to perform internal fixation, resection and 
endoprosthetic reconstruction, either technique, or 
report if the characteristic was not important in their 
decision-making process. These characteristics included 
(1) patient factors (age, life expectancy, comorbidities, 
ambulatory status); (2) disease specific factors (number 
of visceral and bone metastases); and (3) anatomic fac-
tors (lytic vs blastic lesion, location of lesion, degree of 
bone destruction, impending vs pathologic fracture, and 
lesion extent to soft tissue).

Additionally, participants were asked whether they 
conceptualized standard arthroplasty (i.e., all arthro-
plasty options) as more consistent with internal fixa-
tion or resection and endoprosthetic reconstruction, 
as well as whether they would be willing to participate 
in the PERFORM trial. Participants were also provided 
the opportunity to include any comments or feedback 
regarding the proposed PERFORM trial. The survey is 
available in Supplementary Material.

Survey distribution
Prior to survey distribution, an Ethics Waiver was 
obtained at the lead academic institution. The survey 
was then distributed by email to approximately 60 self-
declared interested stakeholders in the PERFORM trial, 
who were initially contacted through the collaborative 
trial group previously established by the senior author—
many who are members of the Musculoskeletal Tumor 
Society. In order to capture a wider international audi-
ence, we then distributed the survey to the listserv of the 
European Musculoskeletal Oncology Society (approxi-
mately 300 orthopedic oncology surgeons). Data was col-
lected in the REDCap survey database and all responses 
were completely anonymous. Consent for the study was 
inferred by survey completion.

Data analysis
Charts and tables of descriptive data were generated by 
the REDCap database. Analysis of results was based on 
equipoise ranges as discussed by Araki et al., in which sit-
uations where the majority of participants (greater than 
50%) reported they would use either technique was con-
sidered a zone of equipoise [21].

Results
Demographics of respondents
A total of 76 responses were collected from surgeons 
across North America, South America, Europe, Asia, 
and Africa. Response rate from initial self-declared 

stakeholders was 70% (42/60), with additional responses 
collected from a broader international audience (34/300). 
The average age of respondents was 48  years, with 87% 
identifying as male. A wide range of practice experience 
was represented, with 18% of respondents having less 
than 5 years of practice experience, 27% with 5–10 years, 
27% with 11–15  years, 24% with 16–20  years, and 3% 
with over 20 years of practice experience. The majority of 
respondents completed a musculoskeletal oncology fel-
lowship and/or specialized training in musculoskeletal 
oncology, and work at an academic medical center. The 
vast majority of respondents (94%) had a practice con-
sisting of greater than 50% bone and soft tissue tumors. 
Similarly, a vast majority (97%) supervise residents in 
training.

Highly ranked factors
The overall most important ranked factors in surgical 
decision-making were life expectancy of patient (40.8% 
ranked as #1 most important, Fig. 1) and degree of bone 
destruction (38.2% ranked as #1 most important, Fig. 2). 
Baseline ambulatory status, medical comorbidities, and 
impending vs pathologic fracture were also consistently 
ranked as important factors.

Patient factor zone of equipoise
Patient specific factors falling within the zone of equi-
poise (greater than 50% of respondents answering that 
they would use either technique) included life expectancy 
greater than 6 months, minimal to moderate periopera-
tive complication risk, and patients of any age. Respond-
ents were more likely to choose internal fixation for 
patients with less than 6  months of life expectancy and 
high perioperative complication risk.

Disease factor zone of equipoise
Disease specific factors falling within the zone of equi-
poise included 2 or more bone metastases and up to 3 
visceral metastases. Respondents were more likely to 
choose resection and endoprosthetic reconstruction for 
patients with solitary bone metastasis and more likely to 
choose internal fixation for patients with greater than 3 
visceral metastases.

Anatomic zone of equipoise
Anatomic factors falling within the zone of equipoise 
included both intertrochanteric and subtrochanteric 
lesions; lytic, blastic, or mixed lesions; lesions that 
extended or did not extend to soft tissue; impending and 
pathologic fractures (either displaced or nondisplaced); 
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and bone loss of 25–75% (Fig.  3B). Respondents were 
more likely to choose resection and endoprosthetic 
reconstruction for patients with < 25% bone remain-
ing (Fig. 3C). However, they were more likely to choose 
internal fixation for patients with > 75% bone remaining 
(Fig. 3A).

Miscellaneous
In general, participants were slightly more likely to 
conceptualize standard arthroplasty as more consist-
ent with resection and endoprosthetic reconstruction 
(n = 39, 52.0%). In response to what factors would lead 
respondents to consider internal fixation over resec-
tion and endoprosthetic reconstruction in the setting of 
bone metastases to the proximal femur in renal cell car-
cinoma, the most common responses were life expec-
tancy (81.8%), extent of medical comorbidities (51.5%), 
and number of visceral metastases (30.3%). Based on 
the details of the trial outlined in the introduction of 
the survey, 93% of respondents indicated that they 
would be interested in participating in the PERFORM 
trial. Overall, this survey study found that a preliminary 

zone of equipoise would include patients with at least 
6  months life expectancy, 25–75% bone loss in the 
proximal femur, and patients with low to moderate risk 
of perioperative complications.

Discussion
Summary of findings
The process of designing a randomized control study 
to compare two different surgical techniques is a highly 
challenging task, requiring careful planning and patient 
selection, as well as dedicated stakeholder cooperation. 
This survey aimed to identify patient and lesion charac-
teristics that would fall into a zone of equipoise whereby 
most surgeons would be equally likely to choose inter-
nal fixation or resection and endoprosthetic reconstruc-
tion to treat a patient with metastatic bone disease of the 
proximal femur.

Implications for the PERFORM trial
Given the diverse group of surgeons surveyed, a free 
text portion of the survey was included for feedback and 
comments regarding the trial. While many respondents 

Fig. 1 Importance of life expectancy in operative decision-making
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used this section to convey their excitement and support 
for the trial, a few expressed concerns over the difficulty 
of randomization. Several respondents also noted that 
they felt that the type of cancer was an important factor 
in their decision-making. However, the implications of 
“cancer type,” such as life expectancy and character of the 
lesion, were carefully assessed in the survey. Finally, while 
this was not a specific question included on the survey, 
renal cell carcinoma with oligometastatic bone disease 
is an exclusion factor for PERFORM trial patients, as the 
standard of care in the vast majority of cases is complete 
resection of the lesion, and therefore this scenario does 
not lie within the zone of equipoise.

In regard to the conceptualization of standard arthro-
plasty as more consistent with resection and endopros-
thetic reconstruction vs internal fixation, there were a 
variety of opinions expressed. While a slight majority of 
respondents did consider arthroplasty as more consist-
ent with resection and endoprosthetic reconstruction, 
a significant number (n = 23, 30.7%) did not consider it 
to be consistent with either technique. Those who felt 
arthroplasty was more consistent with resection and 

reconstruction cited reasons such as larger incision and 
soft tissue dissection, the resection of bone for standard 
arthroplasty, the use of implants for replacement rather 
than fixation, and no requirement for bone healing with 
arthroplasty. Those who felt arthroplasty was more con-
sistent with internal fixation cited reasons such as arthro-
plasty being an intralesional resection without complete 
resection of the tumor, and the use of an arthroplasty stem 
as a means of internal fixation and stabilization. The ques-
tion of how arthroplasty should be defined in the study 
was revisited at a subsequent stakeholder meeting follow-
ing survey distribution, and after extensive discussion, it 
was determined that arthroplasty should be defined as a 
form of reconstruction and thus included in the trial.

Strengths and limitations
A recent modified Delphi study involving both patients 
and orthopedic oncologists identified evaluation of sur-
gical options for metastatic bone disease to be one of 
the top 3 research questions out of a list of nearly 200 
options [23]. There is clearly a clinical evidence gap, 
which the PERFORM study aims to fill. The current 

Fig. 2 Importance of degree of bone destruction in operative decision-making
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survey was a critical step in study design for the PER-
FORM trial. The survey was rigorously designed with 
an in-depth literature review and previous work by 
the investigators. The survey was iteratively assessed 
for face and content validity and piloted to confirm 
ease of survey completion. The vast majority of sur-
vey respondents, which represented surgeons from 
five continents, indicated interest in participating in 
the PERFORM trial, providing generalizability of the 
survey data, as well as the identification of a large and 
diverse group of participating institutions.

This study achieved our goal of capturing current 
clinical practices and decision-making factors in the 
surgical treatment of proximal femur metastatic bone 
disease specifically for the PERFORM trial. We had a 
high rate of responses from self-declared interested 
stakeholders in the PERFORM trial. The authors ini-
tially contacted approximately 60 collaborators who 
agreed to discuss the protocol, of which 42 responses 
were collected, reflecting a response rate of 70%. In 
order to increase our response numbers and capture 
an international perspective, we then sent the survey 
to members of the European Musculoskeletal Onco-
logic Society (EMSOS), which included approximately 
300 recipients. Of these, we collected an additional 34 
responses, increasing the diversity and generalizability 
of our responses across a wider international audience. 
Furthermore, to ensure that the survey data accurately 
reflected the perspectives of participating surgeons, 
we held two separate investigator meetings following 
the survey data collection to discuss inclusion criteria 
for the PERFORM trial. The views voiced at these dis-
cussions were largely consistent with those expressed 
within the survey, increasing our confidence that we 
had captured a representative sample of current clinical 
practices and decision-making factors in the treatment 
of proximal femur bone disease.

An inherent limitation in this study is the acknowl-
edged challenge of selecting a true zone of equipoise in 
a heterogeneous patient population. We also recognize 
the potential for language or cultural barriers in question 
design, as well as the higher cost and variable availability 
of endoprostheses across institutions globally, which may 
have an impact on implant selection.

Conclusion
The current survey successfully identified a clinically 
acceptable zone of equipoise for the PERFORM trial. 
The criteria for equipoise include patients with 25–75% 
bone loss in the proximal femur, low to moderate risk of 
operative complications, and life expectancy of at least 

Fig. 3 A Responses for bone loss < 25%. B Responses for bone loss 
25–75%. C Responses for bone loss > 75%
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6  months. Ninety-three percent of respondents were 
willing to participate in a randomized control trial to 
evaluate surgical treatment options for metastatic bone 
disease of the proximal femur. Further stakeholder dis-
cussions have finalized the PERFORM trial protocol 
prior to study initiation.
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