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Abstract

Background The current operative standard of care for

disseminated malignant bone disease suggests stabilizing

the entire bone to avoid the need for subsequent operative

intervention but risks of doing so include complications

related to embolic phenomena.

Questions/purposes We questioned whether progression

and reoperation occur with enough frequency to justify

additional risks of longer intramedullary devices.

Methods A retrospective chart review was done for 96

patients with metastases, myeloma, or lymphoma who had

undergone stabilization or arthroplasty of impending or

actual femoral or humeral pathologic fractures using an

approach favoring intramedullary fixation devices and

long-stem arthroplasty. Incidence of progressive bone dis-

ease, reoperation, and complications associated with

fixation and arthroplasty devices in instrumented femurs or

humeri was determined.

Results At minimum 0 months followup (mean,

11 months; range, 0–72 months), 80% of patients had died.

Eleven of 96 patients (12%) experienced local bony disease

progression; eight had local progression at the original site,

two had progression at originally recognized discretely

separate lesions, and one had a new lesion develop in the

bone that originally was surgically treated. Six subjects

(6.3%) required repeat operative intervention for symp-

tomatic failure. Twelve (12.5%) patients experienced

physiologic nonfatal complications potentially attributable

to embolic phenomena from long intramedullary implants.

Conclusions Because most patients in this series were

treated with the intent to protect the bone with long intra-

medullary implants when possible, the reoperation rate may

be lower than if the entire bone had not been protected.

However, the low incidence of disease progression apart

from originally identified lesions (one of 96) was consider-

ably lower than the physiologic complication rate (12 of 96)

potentially attributable to long intramedullary implants.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Classic teaching for the treatment of metastatic carcinoma,

lymphoma, and multiple myeloma in the long bones has

included routine protection of the entire remaining

humerus or femur when performing internal fixation or
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arthroplasty for a pathologic fracture or prophylactic sta-

bilization for an impending pathologic fracture [1–8, 10,

13–15, 27, 33–35, 39].

However, the rationale for protecting the remainder of

the long bone away from the area of obvious major

involvement or fracture has little solid support in the lit-

erature other than recommendations in reviews and

chapters [5, 11, 12, 16, 24, 29, 30, 32]. Moreover, there are

potential adverse consequences to stabilizing the entire

bone rather than just a limited segment, including intra-

operative hypotension, O2 desaturation, and embolization,

or even perioperative coma and death [18, 20, 25, 26, 28,

29, 34]. These inherent risks have been theorized to be the

result of increased intramedullary vascular supply in met-

astatic disease to bone, allowing for a larger surface area

for emboli to escape and from a further increase in surface

area of exposed vasculature by reaming and instrumenting

the intramedullary canal [18]. Nevertheless, in our practice,

the approach to date, when possible, has been to prophy-

lactically protect as much of an involved long bone as

possible using either an intramedullary nail or long-stem

cemented arthroplasty device when a patient is undergoing

operative stabilization for impending or actual pathologic

fracture in the setting of disseminated malignancy. In some

cases, when intramedullary stabilization has not been fea-

sible, plate and screw fixation was used, and in arthroplasty

cases in which long prophylactic stems could not be

inserted, standard stem lengths were used.

The main purposes of the study were to evaluate (1) the

incidence of disease progression in an involved long bone

(humerus or femur); and (2) the subsequent reoperation

rate of operatively treated patients with metastatic carci-

noma, lymphoma, or multiple myeloma for impending or

actual pathologic fractures in comparison to (3) physio-

logic embolic-related complications attributable to

protecting the entire bone with longer implants such as

intramedullary nails and long-stem arthroplasty devices. To

critically evaluate our beliefs and standard practices, we

asked, ‘‘Is either the incidence of disease progression or the

reoperation rate in patients with metastatic carcinoma,

lymphoma, or multiple myeloma to the femur or humerus

higher than the incidence of complications related to pro-

phylactically stabilizing the entire bone?’’ We asked this

direct comparison as a simplistic way of beginning to

critically analyze the bigger question of, ‘‘Does the benefit

of operatively protecting the entire bone outweigh the

risks?’’

Patients and Methods

We obtained institutional review board approval at SUNY

Upstate Medical University to conduct a retrospective chart

review study over a 10-year period (January 1, 1998, to

December 31, 2007) for all of the patients of the principal

investigator (TAD) who had multiple myeloma, lym-

phoma, or metastatic cancer in the humerus or femur and

who had undergone operative management for their hum-

eral or femoral disease by the principal investigator. We

used the following International Classification of Diseases,

Ninth Revision (ICD-9) diagnostic codes to identify

potential subjects: 198.5 secondary malignancy of bone,

202.80 lymphoma extranodal unspecified, 203.00 multiple

myeloma, 733.11 pathologic fracture of the humerus,

733.14 pathologic fracture of the femoral neck, and 733.15

pathologic fracture of the femur (not otherwise specified).

Charts then were screened to ensure they met the inclusion

criteria set forth previously and reviewed to gather data.

The preliminary ICD-9-based diagnostic search revealed

263 subjects. After excluding subjects for nonoperative

management (nine subjects), absence of multiple myeloma,

lymphoma, or metastatic carcinoma (43 subjects), nonpa-

thologic fractures (eight subjects), soft tissue lesions (three

subjects), osteosarcoma (two subjects), lesions not in the

femur or humerus (15 subjects), and missing data (87

subjects), our final analysis yielded 96 subjects (40 males,

56 females). There were 72 femoral cases and 24 humeral

cases. All 96 subjects had undergone operative treatment

with most receiving either intramedullary nailing or long

stem-cemented arthroplasty of the humerus or femur

(Table 1). The only patients in this series treated with plate

and screw fixation included two with humeral lesions not

believed to be amenable to intramedullary fixation and one

patient with a distal femoral replacement megaprosthesis

who had a supplementary prophylactic proximal femoral

hip screw and side plate. For patients undergoing

arthroplasties, hemiarthroplasties were used for humeral

lesions and a combination of hemiarthroplasties, THAs,

and one TKA were used for the femoral lesions (Table 2).

The mean age of the patients at the time of orthopaedic

intervention was 60 years (range, 29–83 years). The most

common primary cancers included lung, breast, multiple

myeloma, renal, and prostate cancer (Fig. 1). The mini-

mum followup was 0 months (mean, 11 months; range,

0–72 months). At latest followup, 77 patients (80.2%) had

died of their disseminated disease and 13 (13.5%) were

alive with disease, whereas the disease status of six (6.3%)

was unknown. Preoperative evaluation of these patients

consisted of plain radiographic analysis of the entire

involved bone in all cases supplemented by bone scans in

most, but neither CT nor MRI were used during this period

on a routine basis to search for other lesions.

During this entire period, it was the senior author’s

(TAD) routine practice to protect the entire bone with

intramedullary devices when feasible and safe for the

patient (Fig. 2). For prophylactic fixation of impending
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pathologic femoral fractures and humeral fractures, intra-

medullary nails generally were used. A reconstruction nail

was used for impending femur fractures, most commonly a

long Gamma1 Nail (Stryker, Mahwah, NJ, USA). For hip

and shoulder arthroplasties, long-stem devices were pre-

ferred, and these were used except when the canal did not

allow their passage. For long-stem cemented femoral

arthroplasties, the cement was placed in a doughy stage and

no formal pressurization was done. A separate decom-

pressive relief hole was not used in most cases. Plates and

screws were used only in exceptional cases, primarily in

the humerus (two) and to supplement a long-stem cemen-

ted distal femoral arthroplasty (one). To date, this is still

the practice of the senior author (TAD).

All 96 subjects in our study underwent perioperative

radiation therapy. All patients who had not received pre-

operative radiotherapy were sent to radiation oncology for

postoperative external beam radiotherapy. For most

patients, the goal of the surgery was to render the subjects

able to progress to immediate full weightbearing on the

affected extremity. For some pathologic proximal femur

fractures treated with internal fixation in patients with

better overall prognosis and radiosensitivity (breast and

prostate cancer), a period of limited weightbearing was

used to promote early healing without untoward stress on

the implant.

In general, we followed subjects postoperatively with an

office visit at 2 weeks and an office visit and plain radio-

graphs at 6 weeks, 3 months, 6 months, 1 year, and then

on a yearly basis afterward. This followup plan was mod-

ified depending on each patient’s circumstances. For the

purposes of this study, we evaluated all radiographic

studies. It was from these imaging studies that it was

determined (1) if a patient had experienced disease pro-

gression; and (2) the type of progression when present.

Data were collected through a combination of hospital

inpatient records and outpatient charts.

We subclassified disease progression into three distinct

categories: (1) local progression of the originally identified

main lesion; (2) local progression of originally identified,

discretely separate lesions (lesions that were not the pri-

mary source of concern); and (3) occurrence of an entirely

new, previously unrecognized lesion (Table 3). The ratio-

nale for this subclassification is as follows. The potential

for Type 1 progression was believed to be theoretically

amenable to initial standard means of localized internal

fixation (plate and screw devices or short intramedullary

nails) or hip arthroplasty (with stems extending two bone

diameters distal to the distal aspect of the lesion) and not

believed to necessarily benefit from longer lengths of

internal fixation (full-length femoral devices) or longer

than standard length intramedullary stems. In other words,

localized internal fixation with plate and screw or short

intramedullary nail devices or standard length femoral

arthroplasty implants potentially and theoretically could be

sufficient despite this type of progression. The potential for

Type 2 progression theoretically was believed to be han-

dled initially by using appropriately sized longer implants

(whether plate and screw or intramedullary devices) based

on preoperative templating designed to cover the affected

areas without necessarily protecting the entire bone on a

routine basis or by routine prophylactic protection of the

entire bone. The potential for Type 3 progression, however,

was believed to be the only type of progression that was

addressed adequately by initial routine stabilization of the

entire bone on a regular basis. Therefore, it was Type 3

progression that was believed to be the target of the classic

Table 1. Internal fixation

Internal fixation Number

of cases

Femur

Reconstruction and locked nails 36

Intramedullary nail, not distally locked 16

Dynamic hip screw 1

Humerus

Intramedullary nail, locked 8

Intramedullary nail, not distally locked 6

Nonlocking plate and screws 2

Table 2. Arthroplasty cases

Procedure Number

of cases

Shoulder

Hemiarthroplasty with long cemented stem 4

Hemiarthroplasty with standard length

cemented stem

1

Hemiarthroplasty with standard length

press-fit stem

1

Hemiarthroplasty with proximal humeral

replacement megaprosthesis

2

Femur

THA with long cemented stem 2

THA with long press-fit stem 1

THA with press-fit standard length stem 1

Hemiarthroplasty with long cemented stem 8

Hemiarthroplasty with long press-fit stem 5

Hemiarthroplasty with standard length

press-fit stem

2

Hemiarthroplasty with proximal femoral

replacement megaprosthesis

4

TKA with distal femoral replacement

megaprosthesis

1
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recommendations for routine stabilization of the entire

bone, but Types 2 and 3 were believed to potentially

benefit from the same treatment paradigm of routine

whole-bone stabilization, whereas Type 1 was not believed

to routinely benefit any more from routine whole-bone

stabilization than from appropriate limited fixation.

We noted all reoperations, and details were recorded. In

addition, as a result of the reported physiologic changes

Fig. 2A–C The most common forms of surgical instrumentation

used in this series are shown here. (A) For impending proximal

femoral pathologic fractures and intertrochanteric, subtrochanteric,

and diaphyseal femur pathologic fractures, reconstruction intramed-

ullary nailing was performed in most cases. A typical reconstruction

intramedullary nail is shown in the right femur. (B) For femoral neck

pathologic fractures, extensive periarticular destruction of the

proximal femur, and selected intertrochanteric femur pathologic

fractures, a long-stem cemented arthroplasty was used. A calcar-

replacing long-stem cemented arthroplasty of the right femur is

shown. (C) For impending humeral fractures and fractures distal to

the neck region with adequate remaining proximal bone, an antegrade

locked nailing of the humerus was done. A locked intramedullary nail

of the humerus is shown.

Fig. 1 The pie chart shows the breakdown of

primary diagnoses for the reported patient

population (N = 96). The ‘‘other’’ category

includes the following primary tumors: parotid

gland carcinoma, colonic adenocarcinoma,

hepatocellular carcinoma, malignant melanoma,

thyroid carcinoma, bladder carcinoma, cervical

squamous cell carcinoma, and metastatic

chondrosarcoma.
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associated with long-stem implants, we examined specifi-

cally for perioperative oxygen desaturation, pulmonary

embolism, postoperative electrocardiographic changes,

postoperative hypotension, and sudden cardiac arrest.

Results

Overall, of the 96 subjects, 11 (11%) experienced disease

progression of any type (1, 2, or 3) (Table 4). Among these

11 patients, there were three with metastatic renal cell

carcinoma, two with metastatic breast carcinoma, two with

multiple myeloma, and one each with prostate carcinoma,

nonsmall-cell lung carcinoma, squamous cell carcinoma of

the head and neck, and adenocarcinoma of unknown pri-

mary. All but one case of progression occurred in the

femur. Eight of the 11 patients (8% of whole cohort),

including all three mentioned patients with renal carci-

noma, experienced Type 1 local progression of the original

main lesion. Type 1 local progression occurred at a mean

10 months (range, 2–40 months) after the index procedure.

Two of the 11 patients (2.08% of 96), both with myeloma,

experienced Type 2 progression of originally identified

lesions discretely separate from the main lesion (Fig. 3).

Only one of the 11 patients (1.04% of 96) experienced

Type 3 progression of an entirely new, previously unrec-

ognized lesion. Type 2 progression of an originally

identified, discretely separate lesion occurred at 4 months

after the index procedure in one patient and 37 months in

the other. The only patient with Type 3 progression had

metastatic breast carcinoma, and the new lesion in her

distal femur was identified 24 months after the index sur-

gery. Among the 17 patients with myeloma and 14 with

renal cancer, disease progression occurred in two (11.76%)

patients with myeloma and three (21.43%) with renal

carcinoma.

Six patients (6.25%) underwent reoperation during the

study for symptomatic failure (four patients with Type 1

local disease progression, one patient for broken hardware,

and the only patient with Type 3 progression of a discretely

separate lesion) (Table 5). Therefore, half (four of eight) of

the patients with Type 1 progression required reoperation

despite our best effort at stabilization or arthroplasty.

Table 3. Disease progression subclassifications

Type Definition

1 Local progression of the originally

identified main lesion

2 Local progression of originally identified,

discretely separate lesions (lesions that

were not the primary source of concern)

3 Occurrence of an entirely new, previously

unrecognized lesion

Table 4. Summary of 11 cases with progressive disease

Classification Primary

cancer

Site of

lesion

Impending

versus fracture

Initial

operation

Second surgery Time to

progression

(months)

1 Renal Femur, proximal Impending Reconstruction nail Proximal femoral

replacement

10

1 Renal Femur, proximal Impending Reconstruction nail None 5

1 Renal Femur, proximal Impending Reconstruction nail Proximal femoral

replacement

10

1 Breast Femur, distal Fracture Reconstruction nail Distal femoral

replacement

40

1 Prostate Femur, distal Fracture Retrograde femoral nail None 3

1 SqCCa of

H&N

Humerus Impending Humeral intramedullary

nail

None 2

1 AdenoCa

unknown

primary

Femur Impending Reconstruction nail None 2

1 Lung Femur Impending Reconstruction nail None 8

2 Myeloma Femur, neck Fracture Long-stem cemented

hemiarthroplasty

None 4

2 Myeloma Femur, proximal Impending Reconstruction nail Endo-recon proximal

femoral replacement

37

3 Breast Femur, proximal Impending Reconstruction nail None 24

SqCCa of H&N = squamous cell carcinoma of the head and neck; AdenoCa unknown primary = adenocarcinoma of unknown primary; Endo-

recon = endoprosthetic reconstruction nail (custom device with proximal femoral arthroplasty and interlocking nail in distal stem extension).
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Neither of the two patients with Type 2 progression

required reoperation. Five additional patients (5.21%)

underwent second procedures for a new location of

metastasis in another bone (Table 6). In total, 11 patients

(11.5% of 96) required subsequent operative procedures

either for the index site or for a site in another bone.

Implant failure requiring reoperation occurred in five of 60

intramedullary nail cases (8.33%) compared with zero of

24 arthroplasty cases (0%). Intramedullary nail fixation

failures occurred in 10.87% (five of 46) of femoral cases

and none (zero of 14) of the humeral cases. Apart from the

six patients described previously who required reoperation

for progression or implant failure, no other patients expe-

rienced major or minor complications. Twenty-three

patients (23.96%) received transfusions.

In this series, a total of 12 patients (12.5%) had com-

plications potentially of an embolic origin that have been

associated with the use of intramedullary devices. All of

these complications occurred in patients with femoral

instrumentation (five of 72 [7.0%]) and none in patients

with humeral instrumentation (zero of 24). Five of the 96

patients (5.21%) experienced O2 desaturation, two (2.08%)

had a pulmonary embolism (PE), one (1.04%) had inverted

T-waves on a postoperative electrocardiogram (cardiac

isoenzymes negative), and four (4.17%) had symptomatic

postoperative hypotension, but none had cardiac arrest.

Patients who experienced only desaturation did not require

a higher level of care, specific treatment, or prolonged

hospital stay, but the patients with PE required specific

anticoagulation treatment and prolonged hospitalization,

the patient with electrocardiographic changes required

cardiology consultation and additional monitoring, and the

patients with symptomatic hypotension required additional

resuscitation and monitoring in the intensive care unit.

Discussion

The current operative standard of care for disseminated

malignant bone disease suggests stabilizing the entire bone

to avoid the need for subsequent operative intervention

[1–8, 10, 15, 27, 33–35, 39]. The aim of our study was to

question this standard and to determine from a retrospec-

tive chart review study how often disease progression and

reoperation occurred relative to the complications typically

attributed to embolic phenomenon associated with long

intramedullary devices.

Our study has limitations inherent to a retrospective study.

First, there was no comparative group. Although the major

reason cited in the literature to support protection of the

entire bone is the potential for new lesions to develop,

another consideration is that even uninvolved bone may be of

poorer quality than normal bone, which may compromise the

stability of internal fixation devices, particularly when plate

and screw constructs are used [5, 9, 19, 29, 36–38]. There-

fore, although the current study addresses the former issue, it

was not possible to address the latter. Furthermore, because

all but two of our patients received primarily intramedullary

stabilization, we cannot determine what the failure rate

would have been for plate and screw or shorter intramedul-

lary stabilization. Power to examine for differences between

subsets of patients also was limited by the relatively small

numbers of patients. Followup was incomplete in many of

the 263 originally identified patients, and these patients had

to be excluded owing to missing followup data. This weak-

ness is inherent in this patient population of terminally ill

patients. The sizes of the original lesions were not reported

because, in the majority of cases, the preoperative radio-

graphs were unavailable for review.

Disease progression did not occur at the high rate we

expected given that this is the main reason cited for pro-

tecting the entire long bone. At face value, even the 11.5%

overall disease progression rate in this study might be used

in support of recommending prophylactic stabilization with

Fig. 3A–B Type 2 progression was seen in this patient who initially

was treated with a long-stem cemented hemiarthroplasty for a

pathologic femoral neck fracture secondary to multiple myeloma. (A)

An immediate postoperative radiograph after shows small lesions in

the subtrochanteric region. (B) A followup radiograph taken at the

3-month office visit shows local progression of the original lesion

compared with the immediate postoperative radiograph. This Type 2

progression occurred despite perioperative irradiation and protection

of the entire bone by the long-stem cemented device. In this case, the

patient remained asymptomatic and did not require additional

operative intervention.

Volume 471, Number 3, March 2013 Is Prophylaxis of the Entire Bone Needed? 711

123



longer than standard implants. However, on closer exami-

nation of disease progression, most patients (approximately

8% overall) simply experienced progression of their ori-

ginal main lesion of concern (Type 1). Only a small

number (2%) experienced progression of an originally

identified, discretely separate lesion (Type 2), and only one

of 96 patients (1%) experienced an entirely new, previously

unrecognized lesion (Type 3). Each of the patients with

Type 2 progression had myeloma. Patients with renal cell

carcinoma, accounting for three of the 11 with progression

(all Type 1), were disproportionately represented among

the patients with progression. The high percentage of

progression (three of 14 [21%]) in patients with renal

carcinoma agrees with previous reports [21, 22].

With appropriate preoperative planning at the time of

the index procedure, at least the eight patients with Type 1

progression and possibly the two patients with Type 2

progression would have been adequately protected by

appropriate initial internal fixation without resorting to

prophylactic fixation of the entire bone. However, con-

versely, at a minimum, the one patient with Type 3

progression would have been left unprotected and the two

patients with Type 2 progression potentially would have

been left unprotected by standard limited fixation that does

not routinely protect the entire bone.

The failure rate overall for our patients was 6.25%,

which is equal to or less than in many series of patients

with internal fixation and/or arthroplasty for metastatic

disease [9, 13, 14, 17, 19, 23, 31, 36]. The failure rates of

approximately 8% for intramedullary nails overall and

approximately 11% for femoral intramedullary nails are

similar to those reported by others [9, 13, 31, 36–38]. The

failure rate for arthroplasty in this series (0%) is lower than

that reported in other series [23, 32, 36, 37].

Fortunately, although an occasional patient was docu-

mented to have experienced perioperative hypotension and

Table 5. Patients who had reoperations secondary to hardware failure

Patient

number

Patient age at

index surgery

(years)

Primary cancer Index procedure Reason for failure Time to

failure

(months)

Treatment

1 57 Renal cell carcinoma Right femoral

reconstruction

IMN

Local disease

progression

10 IMN removed; resection

proximal femur;

cemented long-stem

proximal femoral

megaprosthesis with

bipolar head

2 57 Breast carcinoma Right femoral

reconstruction

IMN

Local disease

progression

8 IMN removed; resection

distal femur; distal femur

megaprosthesis TKA

3 66 Multiple myeloma Prophylactic left

femoral

reconstruction

IMN

First failure: nail

migration with

broken distal

interlocking screw

Second failure: local

disease progression

and infection

First failure: 5

Second

failure: 29

(after first

failure)

First failure: IMN removed;

exchanged with Richards

Endo-Recon femoral nail

with distal interlocking

screws and proximal

hemiarthroplasty portion

cemented

Second failure: two-stage

hardware removal of

Endo-Recon device

followed by cemented

THA

4 54 Renal cell carcinoma Right femoral

reconstruction

nail

Local disease

progression

10 IMN removed; cemented,

long-stem modular

replacement system

proximal femoral

megaprosthesis with

bipolar head

5 65 Breast carcinoma Prophylactic right

femoral

reconstruction

nail

Proximal migration of

IMN

2 IMN removed; conversion

to long-stem cemented

hemiarthroplasty with

bipolar head

IMN = intramedullary nail; Endo-Recon = endoprosthetic reconstruction nail.
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desaturation, only two of our patients had PEs and none

had cardiac arrest, coma, or death. Although the overall

rate of these complications was 12.5%, the severity of these

complications was low, and some may not have been

directly attributable to embolic phenomena from the longer

intramedullary devices [5, 18, 20, 25, 26, 28, 29, 34].

In a review of the relevant literature, the overall con-

sensus has been that patients undergoing surgery to address

pathologic fractures or impending pathologic fractures of

the long bones resulting from metastatic disease, myeloma,

or lymphoma should undergo protection of the entire bone

with reconstruction-type intramedullary nails or long-stem

cemented stems to avoid the need for further operative

intervention resulting from progression [1–8, 10, 15, 27,

33–35, 39]. If there were no potential adverse consequence

of doing so, this would be a moot point. However, there is a

downside. Long-bone intramedullary instrumentation,

particularly with cemented long intramedullary femoral

stems, has been associated with numerous consequences,

including hypotension, O2 desaturation, embolization,

coma, or death [5, 18, 20, 25, 26, 28, 29, 34]. In many

instances, these may be transient and minor alterations only

documented on the anesthesia records, but in others, seri-

ous complications have occurred. Other means of

prophylaxis to avoid local or distant disease progression

are available and should be considered in patients with

metastatic disease. Oncology consultation is important to

consider chemotherapy, hormonal treatment, antiangio-

genic agents, and immunotherapy where appropriate [5, 11,

12, 16, 24, 29, 30, 32]. Postoperative radiotherapy has been

shown to reduce the incidence of hardware failure and

reoperation, likely as a result of its effects in limiting

disease progression [5]. Bisphosphonates also should be

considered for appropriate patients [5].

We have documented a low but concerning rate of

disease progression among operatively treated patients

with femoral or humeral metastatic carcinoma, myeloma,

or lymphoma. Based on only the 11.5% overall incidence

of progression, one still could recommend routine stabil-

ization of the entire bone. However, even in our series in

which all operatively treated patients underwent treatment

according to the principle of routine stabilization of the

entire bone, 6.25% of patients experienced failure requiring

revision surgery. Furthermore, disease progression occur-

red in our patients despite perioperative radiotherapy to the

implanted region. Therefore, instrumentation of a lesser

anatomic extent of the affected long bone would be hard to

support based on these findings. However, subsequent

development of new lesions was rare (1%), so the reason

for routine protection would be more properly to protect

from the more common occurrence of progression of the

main treated lesion or other smaller lesions identified in the

proximity. Furthermore, based on the disproportionate

number of cases with renal carcinoma that showed local

progression of the original lesion (three of eight Type 1

progressions, three of 14 or 21% of renal carcinomas in our

series) and the more frequent progression of known smaller

lesions in myeloma (two of 17, 12% in our series), pro-

tection of the entire bone is strongly warranted in patients

with renal cancer and myeloma. The rate of embolic

Table 6. Patients who underwent reoperation secondary to new location of bone metastasis

Patient

number

Patient

age at

index

procedure

(years)

Primary

cancer

Index procedure Second

site

Time to

second site

surgery

(months)

Treatment of

second site

1 69 Renal carcinoma Right proximal humeral

shoulder arthroplasty

Left femur 0 (5 days) Prophylactic stabilization

with IMN

2 66 Multiple myeloma Right proximal humeral

resection and

endoprosthetic shoulder

arthroplasty

Right femur 41 Prophylactic stabilization

with IMN

3 68 Breast carcinoma Right humeral prophylactic

IMN

Right femur 27 Long-stem cemented hip

hemiarthroplasty

4 59 Breast carcinoma Left humeral IMN ORIF for

pathologic fracture

Right humerus 12 Prophylactic stabilization

with IMN

5 62 Multiple myeloma Right hip long-stem

cemented calcar hemi-

arthroplasty

Left femur 2 Prophylactic stabilization

with IMN

6 39 Multiple myeloma Left femur prophylactic

IMN

Right humerus 15 Humeral IMN for

pathologic fracture

IMN = intramedullary nail; ORIF = open reduction internal fixation.
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complications was low and of mild severity, so in this

series, the risks of longer prophylactic stabilization do not

appear to outweigh the benefits. Stronger recommendations

await confirmation in a larger study.
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