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IntroductionIntroductionIntroduction   
Aside from skin cancer, breast and prostate primaries are the most common malignancies among women and men 
respectively in the U.S. New cases of  breast and prostate cancer in 2012 affected over 470,000 patients, outstripping 
primary bone and joint cancers by 163:1. As these cancers frequently metastasize to bone, the effects on the 
musculoskeletal system can be due to the primary tumor itself, from surgery for bone metastasis, or from the effects 
of  chemotherapy to the bone and soft tissues of  the skeleton. Due to improvements in diagnosis and treatment, 
patients are living longer.  The 5-year relative survival rate for female breast cancer patients has improved from 63% 
in the early 1960s to 90% in 2012 (11).   
 
Prostate cancer is the second-leading cause of  cancer death in American men, however death rates have declined in 
recent years.  Relative 5-year survival rates for all stages of  prostate cancer are now 99%.  Sex-based malignancies 
and associated treatments cause acute and chronic deleterious effects on the musculoskeletal system.  Orthopaedic 
surgeons should be prepared to see more breast and prostate cancer patients with musculoskeletal involvement, be 
familiar with the effects of  current antihormone, chemo and radiation therapies on bone, plus understand 
indications and techniques for surgical stabilization.   
 
 

Epidemiology and IncidenceEpidemiology and IncidenceEpidemiology and Incidence   
Lifetime personal probability for developing invasive cancer is 1:8 for breast, and 1:6 for prostate (females and males 
respectively).  The global burden of  breast cancer doubled between 1975 and 2000, and may be related to increased 
life expectancy plus adoption of  a westernized lifestyle (5). Death rates have steadily decreased with improved 
treatment and early detection.  Recently, incidence of  breast cancer appears to be increasing in certain subgroups 
including ER-positive tumors, early stage breast cancers, and in particular non-Hispanic blacks and Asian/Pacific 
Islanders (6).  
 
Prostate cancer is the fourth most commonly diagnosed malignancy worldwide in men. Incidence and mortality rates 
are influenced by race, ethnicity and culture. Prostate cancer has become the second most prevalent malignancy in 
American men after skin cancer, and is also the second most common cause of  male cancer death after lung (4).  
Although any malignancy can spread to bone, breast and prostate cancers have a high affinity for bone.  An 
orthopaedic surgeon may see a few primary bone cancers in his or her career, but should expect to see metastatic 
disease frequently.  (11).  
 

 

 
Genetics and Tumor MarkersGenetics and Tumor MarkersGenetics and Tumor Markers   
Familial breast cancer is characterized by young age at diagnosis, increased risk of  bilateral malignancy, higher 
risk with more affected family members, and strong association with ovarian cancer.  Multiple breast cancer 
genes have been identified including BRCA1 and BRCA2.  Specific BRCA mutations are prevalent in Jewish 
women of  Ashkenazi origin.  Breast tumors are classified by subtype based on estrogen receptor (ER) and 
progesterone receptor (PR) status, together referred to as Human Epidermal growth factor Receptor 2 
(HER2) (7).  Prostate cancer genetics and androgen receptor status research has produced less clear findings, 
though some genetic predisposition among populations within geographic areas exist (4).  Age and family 
history of  prostate cancer are the strongest predictive risk factors.  Prostate-specific antigen (PSA) has been a 
widely available screening and diagnostic test (4).  PSA is controversial for use in men over 70 years old. 
 
 

Sexual Dimorphism of Male vs. Female Breast Cancer Sexual Dimorphism of Male vs. Female Breast Cancer Sexual Dimorphism of Male vs. Female Breast Cancer 
PatientsPatientsPatients   
Breast cancer is rare in men, accounting for less than 1% of  all breast malignancies (1,2,3, 11).  Male breast 
cancer incidence is very low up to age 75, then increases and reaches a peak in the 80-84 year group.  In 
contrast, female breast cancer incidence gradually rises after age 35, increasing after 50, followed by a plateau 
until 70 and subsequently rises again.  Average age at diagnosis for men is 63.4 years; for women 58.2 years.  

Males also typically present with more advanced TNM stages compared to females (1).  Male breast tumors are typically ER-PR positive more frequently than females (2).  Males 
presenting with stage III and IV tumors have worse 5 year survival rates (39 and 5 %) versus females (61 and 27% respectively). 
 
  

Social and Cultural DisparitiesSocial and Cultural DisparitiesSocial and Cultural Disparities   
Ethnic minorities in the U.S. are overrepresented in the overall breast and prostate cancer burden.  Screening reduces mortality for breast cancer.  However, African American women 
are less likely to get mammography, thus generally present with later stage disease and higher mortality rates.  In situ breast cancer rates in African American women have increased 
since 2004, while whites remained stable (11).  Hispanic women, plus women who have children at a younger age have a lower incidence of  breast malignancies likely due to estrogen 
effects.  For males, African Americans have a higher incidence of  prostate cancer, plus carry a poorer prognosis with death rates double that of  whites (11).   
 

New U.S. Cancers, 2013 (ACS data)

Primary Bone /
Joint 3010
Breast 234,580

Prostate 238,590

Lung 228,190

Myeloma 22,350

Kidney 65,150

Thyroid 60,220
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Typical Clinical PresentationTypical Clinical PresentationTypical Clinical Presentation   
Patients with bone metastases frequently present with pain. Tumor erodes and weakens bone, impairing mechanical strength.  Rapid tumor growth also increases intraosseous pressure 
and releases local pain-mediating substances.  When structural failure occurs, a pathologic fracture ensues. Three typical presentations occur with metastatic bone disease: (1) 
 
 Known primary with symptomatic bone metastases 
 Destructive bone lesion(s) without known primary 
 Pathologic fracture, with or without known primary 

 
Each has challenges, demands an organized approach, and optimally requires a multi-disciplinary team effort. 
For adults over age 45 with a destructive bone lesion, metastatic carcinoma is most probable diagnosis. 
 
 

Diagnostic Workup Diagnostic Workup Diagnostic Workup    
History: Characterize pain by location, onset, intensity, and relationship to activity or trauma. Unremitting, 
boring pain, severe at night or rest is classic for bone malignancy. Failure with physiologic stress indicates 
pathologic fracture. Cancer patients may present with neurologic compromise, thus radicular, bowel or bladder 
symptoms should be noted. Weight loss, nutritional status, and timing of  recent oncologic therapy may 
influence surgical decision making. Baseline function, quality of  life, and life expectancy are key to an 
individualized treatment plan. (3) 
 
Physical Exam: With an unknown primary, a comprehensive physical exam is important. Exam should 
include possible primary tumor sites, lymphadenopathy, neurovascular status, plus a focused musculoskeletal 
exam. Edema, soft tissue mass, venous dilation, or warmth may be signs  tumor has invaded local soft tissues.        
 
Labs: CBC, diff, metabolic panel, ESR, CRP, LFTs, and SPEP/UPEP are key labs. Tumor markers may be 
helpful for prostate (PSA) and breast cancer (CA 15-3, CA 27, 29). During pre-operative planning, attend to 
possible myelosupression and hypercalcemia of  malignancy.      
 

 

Imaging Imaging Imaging    
Radiographs: Plain orthogonal radiographs of  the entire involved bone are most helpful. Typically prostate mets are osteoblastic, while breast is often 
mixed lytic and blastic. Radiographic keys to note are location, size, margins, cortical destruction, fracture lines, and skip lesions. Most published guidelines for 
predicting pathologic fracture rely on plain x-rays. (2) 
 
Nuclear Medicine: Technetium-99 bone scan is sensitive for breast and prostate metastases (figure 2a). Of  note, it is not for myeloma, melanoma, 
kidney and bladder cancers. (4) 
 
CT: Chest, abdomen and pelvic CT are elements of  the work-up for unknown primary. CT-guided biopsy can be diagnostic, with low morbidity. PET-CT is 
illustrative (figure 2b), especially to gauge tumor response to treatment. For bone metastases, local CT can be very helpful to estimate cortical destruction 
during pre-operative planning.   
 
MRI: MRI may be very useful for evaluation of  spinal tumors. For extremity metastases, MRI can show bone marrow infiltration and soft tissue extension, but 
is not as specific as CT for bone destruction.    
 
Mammography: After a through diagnostic work-up as above, if  a woman still has an unknown primary then mammography should be considered (6).  
Advances in image-guided percutaneous stereotactic breast biopsy can now identify small primary breast cancers. 
 
Ultrasound: For breast lesions identified on screening mammography, ultrasound can be an adjunct to facilitate accurate diagnosis. Transrectal 
ultrasound-guided prostate biopsy is now a standard technique in the diagnosis of  prostate cancer.  (5) 
 

 

Biopsy / surgical considerations Biopsy / surgical considerations Biopsy / surgical considerations    
Histologic diagnosis remains critically important.  Patient presenting with known primary and metastatic disease may not need a 
biopsy. Lesions suspicious for primary bone malignancy require referral to an orthopaedic oncologist.  Poorly executed biopsy of  a 
sarcoma can exclude a patient from a limb saving procedure. A coordinated pre-surgery strategy between the orthopaedic surgeon, 
medical oncologist, radiation oncologist, pathologist, internist, and radiologist is optimal.  When open biopsy is indicated, staging 
prior to biopsy is recommended (2). Patients presenting with pathologic fracture requiring stabilization, may have open biopsy just 
prior to stabilization as a single surgery.   
 
Case example: 72 year old male presenting with pathologic fracture, unknown primary.  Pre-op (left) and post-op (right). 
Biopsy shows poorly differentiated adenoCA. Final work-up indicates metastatic prostate CA.  The femur is curetted and 
stabilized, and then healed unremarkably. With oncologic support, he survived 10+ years.      
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Figure 2a.  Tc-99 bone scans of  bone metastases: Left: 56 year old female (breast), 
Right: 74 year old male (prostate). 

Figure 2b: PET CT, 61 
year old female with breast 
metastases to spine. 



   

Tumor destruction of bone:Tumor destruction of bone:Tumor destruction of bone:      The “Metastatic Cascade” The “Metastatic Cascade” The “Metastatic Cascade”    
 
Primary malignant cells proliferate at their origin, stimulating angiogenesis. Tumor cells then cross the basement membrane into capillaries, avoiding host defenses to 
metastasize. They disseminate to distant sites through the vascular or lymphatic system. Malignant cells arrest in distant capillary beds, adhere to endothelium, and extravasate 
into bone (3). Within bone, tumor cells interact with local host cells and growth factors (TGF-β, insulin-like growth factor, fibroblast growth factor, bone morphogenetic 
protein). In a favorable environment, tumor proliferates becoming a bony metastasis. Tumor cells at the metastasis may be more aggressive and less differentiated then the 
primary tumor. Tumor cells do not destroy bone directly. Instead, tumor cytokines stimulate local osteoclasts via osteoblasts to destroy bone (Figure 3).  
 
 
Osteoblasts / stromal cells normally secrete receptor activator of  
nuclear factor kappa-B ligand (RANK-L). This key cytokine involved 
in bone homeostasis is a major mediator of  bone turnover (1). 
Osteoclasts have receptors for RANKL (RANK). Osteoblastic 
secretion of  RANKL causes increased osteoclast precursors, which 
results in more active osteoclasts destroying bone. After metastases 
implant in bone, osteoclasts begin destroying bone within 24 hours 
(2).  
 
Once bone homeostasis is disrupted, mechanical properties may 
deteriorate leading to decreased strength at physiologic loads. The 
ultimate structural failure is pathologic fracture. Malignant bone pain 
is multifactorial, with different neurochemical components compared 
to inflammatory or neuropathic pain. It may also be influenced by 
rapid malignant cell growth, raising intraosseous pressure as the tumor 
expands in an enclosed space. Comprehensive management of  bone 
cancer pain requires specific treatment to address causation. For 
pathologic fractures and impending fractures, surgical stabilization is 
often required.  
 
Osteoprotegerin (OPG) is a decoy receptor that binds to RANKL and 
inhibits an increase in osteoclasts. In breast cancer metastasis to bone, 
a vicious cycle occurs which results in bone destruction. TGF-β is 
stored in bone and released during normal bone turnover. In the 
presence of  malignant tumor cells, TGF-β stimulates metastatic breast 
cancer cells to secrete PTHrP. PTHrP from cancer cells then 
stimulates osteoblasts to secrete RANKL. In turn, RANKL from 
osteoblasts stimulates osteoclast precursors and increases the 
osteoclast population. Osteoclasts then destroy local bone and release 
TGF-β, so the vicious cycle of  bony destruction repeats. 
 
Other disease-specific factors can also interact to effect local bone. Breast cancer cells may secrete osteoclast stimulants (interleukin [IL]-6, IL-8). Prostate cancer cells can 
secrete Endothelin-1, which stimulates osteoblasts to produce bone. This may be responsible for the classic blastic appearance of  prostate bony metastases.   
 
Cancer patients with bony metastatic disease also may experience other physiologic disruptions related to Calcium metabolism. Hypercalcemia is present in 10% to 15% of  
cases, and is common with lung, and breast cancer patients with metastasis to bone. Interestingly, hypercalcemia of  malignancy does not correlate with number of  bone 
metastases. Early symptoms of  hypercalcemia include polyuria, polydipsia, anorexia, weakness, and easy fatigability. Late symptoms are irritability, depression, nausea, 
vomiting, pruritus, vision abnormalities, profound weakness, and coma. Treatment of  malignant hypercalcemia requires hydration and often intravenous bisphosphonates. 
 
The normal hematopoietic function of  the skeleton may also be affected when malignancy invades bone. Normocytic, normochromic anemia is common with breast, 
prostate, lung, and thyroid cancer metastasis. Thromboembolic disease risk is increased with malignancy, thus a prudent surgeon will take this into account when managing 
perioperative and fracture patients with cancer. 
 
 
 

The differential diagnosis of common metastases to boneThe differential diagnosis of common metastases to boneThe differential diagnosis of common metastases to bone   
 
The differential diagnosis of  lytic lesions in patient older than 40 years includes metastatic disease, multiple myeloma, lymphoma and less likely primary bone tumors, Paget 
sarcoma, hyperparathyroidism, and infection.  Certain primary cancers are well-known to have an affinity for metastases to bone. Local factors and the vascular anatomy of  
bone have been hypothesized to account for this propensity. “Bacon Lettuce Tomato & a Kosher Pickle” (breast, lung, thyroid, kidney, prostate) is a mnemonic helpful in 
recalling common metastases to bone.  Aggressive tumors destroying bone faster than new bone can form, are typically lytic. In contrast, most prostate metastases to bone 
are osteoblastic, likely due to slower tumor growth. Often breast metastases are mixed osteolytic/osteoblastic.  Most metastases to bone occur in the axial skeleton and 
proximal long bones.  
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Figure 3.  Cellular interaction in bony metastatic disease.  



   

Therapy for patients with breast cancer or prostate cancer commonly consists of  chemotherapy and/or endocrine 
therapy, both of  which increase the risk of  bone loss and subsequent pathologic or fragility fracture. Because of  this, 
plus enhanced longevity of  cancer patients, orthopaedic surgeons treating them should be familiar with effects of  
cancer therapies on bone. Sex hormone deprivation is a primary goal of  breast and prostate cancer treatment,  
resulting in decreased progression of  hormone-sensitive tumors. Therapeutic sex hormone deprivation may be brought 
about by: 
 

1) Competitive blockade of  the hormone at its receptor  
 Selective estrogen receptor modulators (SERMS), e.g., Tamoxifen 

2) Direct inhibition of  hormone synthesis 
 Aromatase inhibitors, e.g., Anastrazole and Letrozole 
 Gonadotropin inhibitors  (Lupron / Leuprolide), resulting in reduction of  testosterone to castration levels  

3) Surgical or chemotherapy-induced ovarian / testicular ablation 
 
Sex hormone deficiency results in systemic bone loss with increased risk for osteoporosis and associated fragility 
fractures with use of  aromatase inhibitors, but not for Tamoxifen. A decrease in bone mineral density (BMD) is 
measured at baseline and serial bone densitometry (DXA). In addition to hormone-ablation, other cancer therapies 
with negative effects on bone include methotrexate, prednisone, vincristine, cyclophosphamide, doxorubicin, 
ifosafamide, and cisplatin. Regimens frequently combine hormone manipulation, chemotherapy, and radiation with 
multiple direct and indirect toxicities to bone cells. Bone loss may be associated with an increased risk of  skeletal 
related events (SREs) including pathologic fracture, spinal cord compression, intractable pain, fragility fracture, and 
hypercalcemia of  malignancy. Antiresorptive therapy works against osteoclast-mediated bone destruction and has 
become a mainstay of  treatment for patients with bone metastases (Figure 5a).  
 
Treatment goals:Treatment goals:Treatment goals:   

 Preventing bone destruction 
 Relieving metastasis-related bone pain 
 Treating hypercalcemia of  malignancy 
 Preventing pathologic fracture 
 Improving quality of  life 

 
 
Antiresorptive therapy consists of  two drug classes: bisphosphonates (BPs) and biologics. First developed were BPs (e.g., 
pamidronate, zoledronate). Bisphosphonates bind to  bone, inhibiting osteoclast and tumor adhesion, and cause osteoclast apoptosis 
(cell death). Bisphosphonates are indicated for hypercalcemia of  malignancy, metastatic cancers to bone, and osteoporosis. For 
malignancy, BPs are typically recommended as dosing monthly for breast cancer and myeloma patients. The newest antiresorptive 
therapy is a biologic: the monoclonal antibody to RANKL (e.g. denosumab). Denosumab functions by selectively neutralizing 
RANKL, which inhibits maturation, migration and activity of  osteoclasts (Figure 5b). Bisphosphonates also inhibit all 
metaloproteases and are anti-angiogenic.   
 
RANKL binds its receptor RANK, which is expressed on osteoclast precursor cells and osteoclasts. RANK binding enhances 
osteoclast differentiation and activity. Denosumab is a monoclonal antibody that binds RANKL, inhibiting RANKL–RANK 
signalling resulting in reduced osteoclastic resorption. Denosumab is indicated for patients with bone metastases from solid tumors 
including breast and prostate cancer, along with osteoporosis patients. It is a subcutaneous injection. Antiresorptive therapy 
effectively mitigates bone loss following chemo or anti- hormonal therapy in breast and prostate cancers. Antiresorptives decrease the 
rate of  skeletal related events (pain, pathologic fracture) for these patients. The following clinical practice guidelines have been 
proposed: 
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Figure 5a. Tc-99 bone scan of  a 75 year old male with breast can-
cer, demonstrating multiple metastatic lesions in both the axial 
and appendicular skeleton. 

FIGURE 5b (Reproduced in entirety from Tsourdi 
E et al “Denosumab for bone diseases: translating 
bone biology into targeted therapy” Eur J Endo-
crinol 2011;165:833-840.)   

  

American Society of Clinical Oncology 2011 Clinical Practice Guidelines on the use of 
bone-modifying agents (BMAs) in patients with metastatic breast cancer 

 

1) BMAs are recommended for patients with metastatic breast CA with evidence of  bone destruction 
2) SC denosumab; IV pamidronate; IV zoledronic acid 
3) No preference for one BMA over another 
4) Serious complications of  treatment with BMAs include renal toxicity, hypocalcemia, osteonecrosis of  the jaw and GI disturbance; as a result, patients treated with these medications should: 

A) Have renal function monitored by laboratory values including creatinine clearance 
B) Be closely monitored for electrolyte disturbances, including hypocalcemia 
C) Have a dental examination and preventative dentistry initiated prior to beginning BMA therapy 
D) Receive bisphosphonate therapy intravenously 

5) At the onset of  cancer-related bone pain, the standard of  care for pain management should be provided in addition to the initiation of  BMA therapy 



   

 

Breast Cancer and Lymphedema Breast Cancer and Lymphedema Breast Cancer and Lymphedema    
Between 10 and 60 percent of  women report at least one upper extremity symptoms between 6 months and 3 years after breast cancer surgery (5). Effects of  breast cancer 
and its treatment can include decreased range of  motion, strength, and endurance, pain, neurologic symptoms, and lymphedema.  
 
Lymphedema affects many breast cancer patients after surgery and/or radiation. Lymphedema risk rises with axillary dissection, mastectomy, and radiation to the chest wall 
and lymph nodes. Fluid accumulates in the extremity and is unable to drain because of  obstruction to the lymphatics resulting in persistent swelling. Swelling can affect 
activities including household chores, sports, walking and sleeping. Therapy for prevention and treatment of  upper extremity dysfunction with lymphedema is multimodal and 
includes early gentle range of  motion, compression, stretching, pain management, and patient education. Surgical options for lymphedema are limited, but can include 
debulking procedures to remove excessive tissue. Liposuction or the creation of  new pathways for drainage such as microsurgical procedures may be helpful in selected cases 
where conservative treatment has failed (5) 
 
 

Palliative RadiationPalliative RadiationPalliative Radiation   
Goals for radiation therapy (RT) in patients with bony metastatic disease include relief  of  pain symptoms, maintenance of  function, prevention of  further bone destruction 
with minimal side effects. Pain from bony metastasis can be caused by mechanical damage to the bone at the tumor site, neurogenic pain, or secondary muscle spasm. The 
mechanism of  action of  radiation on providing relief  from pain is not well defined. Options for radiation therapy include: external beam radiation pre- or postoperatively, 
radiopharmaceuticals, and image guided minimally invasive techniques. 
 
For external beam radiation, up to 80% of  patients with symptomatic osseous metastasis have some relief  of  symptoms with half  having complete resolution of  symptoms. 
Six months after local RT, at least half  of  the patients who initially had pain relief  are still pain free (3). Improvements in pain can occur as early as 2-3 days as late as 4 weeks 
post-RT. Various treatment schemes ranging from 800 cGy in one dose to 3000 cGy in 10 treatments have not been shown to result in major differences in outcome (4). 
Complications  from RT include fatigue, GI symptoms, bone marrow suppression, weakening of  bone/stress fractures, delayed or non-union (4). Surgeons should be aware 
of  possible reactive hyperemia in the radiation zone if  planning surgery soon after RT. 
 
 

Post operative RadiationPost operative RadiationPost operative Radiation   
Patients who receive radiation to the extremity after surgery subsequently have better function, fewer local recurrences, and fewer re-operations than those who didn’t receive 
radiation therapy (7). 
 
 

ImageImageImage---guided palliationguided palliationguided palliation   
Image-guided percutaneous delivery of  focused energy therapies are now available for cancer patients. 
These techniques cause local tumor destruction, most frequently through either high temperature 
radiofrequency ablation or low temperature cryoablation. Patient selection includes those with moderate 
or severe pain, focal pain with corresponding imaging abnormality, and osteolytic or mixed (osteolytic/
osteoblastic) lesions. Image-guided therapies can be used in areas such as the pelvis or sacrum which are 
difficult to target using traditional RT. Lesions to non-weightbearing areas of  the pelvis may be 
particularly amenable to these techniques. Exclusions can include lesions located within 1 cm of  spinal 
cord, major motor nerve, brain, bowel, bladder, multiple lesions, or primarily osteoblastic lesions.  
   

Radiofrequency ablation: Radiofrequency ablation: Radiofrequency ablation: Most commonly used. In a clinical trial of  patients who 
failed conventional treatments like chemotherapy and local radiation, 95% of  patients experienced 
a clinically significant decrease in pain (2). Lesions were primarily in the pelvis (figure 6) and 
sacrum, and lesions at high risk for fracture in weight-bearing bone were excluded. Risks can 
include worsening, tumor-cutaneous fistulas, and pathologic fractures (2). 
 
Cryoablation: Cryoablation: Cryoablation: Can be used for larger lesions (due to use of  multiple probes) and can be 
used with tissue displacement devices to avoid damage to normal tissue.  Disadvantages of  
cryoablation are longer treatment times (up to 2 hours), and it may be more cumbersome with use 
of  multiple probes. Results are statistically similar to pain scores found after radiofrequency 
ablation (1). 
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Figure 6. Radiofrequency ablation of  a lytic  
metastatic tumor to the acetabulum.  



   

 

Orthopedists should be familiar with strategies for preventative and reparative surgery to benefit patients with metastases to bone. Key skills 
are: identification of  metastases requiring prophylactic stabilization, stabilization and/or reconstruction of  long bones with pathologic 
fractures, and decompression and stabilization of  the spine for instability and/or compression from spine metastases. Understanding the 
patient’s overall prognosis, risk versus benefits of  interventions, ability to withstand surgery, timing of  procedure, choice of  implants / 
techniques, and coordination with the multi-disciplinary treatment team are all critical to improved outcomes.  

 
PROPHYLACTIC SURGICAL STABILIZATION PROPHYLACTIC SURGICAL STABILIZATION PROPHYLACTIC SURGICAL STABILIZATION    
   

When evaluating patient with symptomatic bony metastases, before recommending surgical intervention first 
confirm the patient is an appropriate surgical candidate. Important variables include life expectancy, co-morbidities 
(e.g., hypercalcemia, coagulopathy, nutritional status, marrow suppression, cardiopulmonary function, timing of  any 
local radiation therapy), quality of  life, and symptom severity. Using a multidisciplinary approach with close 
communication between surgeon, oncologist, pathologist, radiation therapist, patient and family is important to set 
reasonable and achievable goals. Because both breast and prostate cancer patients are living longer, making the right 
surgical treatment choices is even more imperative now than ever. The Mirels score (right) helps predict risk of  
pathologic fracture. 
 
Once surgery is indicated and the patient optimized, choose an implant that allows rapid return of  immediate weight
-bearing and function if  at all possible. As life expectancy extends, it is increasingly important to use a prosthetic 
implant that will outlive the patient.  This often requires more durable reconstructions than the commonly used 
intramedullary rod (6) (Figure 7a).  
 
 

ORIF or megaprosthetic reconstruction may be required in peri-articular pathologic fractures. Augmentation with PMMA may 
be useful. Address all regions of  the affected bone (e.g., use a full-length cephalomedullary nail to prevent stress-risers, bridge 
skip lesions). If  open curettage and/or biopsy are indicated, be prepared for significant intra-operative bleeding. Once soft 
tissue healing allows, utilize post-operative radiation to limit disease progression and risk of  construct failure.  

 
MANAGEMENT OF PATHOLOGIC FRACTURES IN METASTATIC DISEASEMANAGEMENT OF PATHOLOGIC FRACTURES IN METASTATIC DISEASEMANAGEMENT OF PATHOLOGIC FRACTURES IN METASTATIC DISEASE   
 

For patients presenting with a pathologic fracture through a lytic, destructive lesion with unknown primary, beware the folly of  
“rodding a sarcoma”. Consult an orthopaedic oncologist if  indicated. If  the patient has known bone metastases, confirm that 
he/she is an appropriate surgical candidate. Even in this more urgent scenario, use all resources to optimize the patient’s 
chances for a good outcome. Biopsy if  indicated, away from fracture callus. Utilize a surgical implant that allows immediate 
return of  full weight-bearing and rapid return to function (figure 7b).  
 
Address all regions of  the affected bone with a long, strong implant. Use PMMA to augment as needed. Utilize post-operative 
radiation therapy when the tissues allow, plus the multi-disciplinary team for a maximal recovery effort.    

 
COMPLICATIONS COMPLICATIONS COMPLICATIONS    
 

Metastatic cancer patients carry higher surgical complication rates. These include Thromboembolic disease, wound 
complications, infection, nonunion, implant failure, and radiation necrosis. A team approach optimizing nutritional, 
hematologic, and medical status is key to improving outcomes. Clarifying and documenting the patient and family’s wishes pre-
operatively in regards to resuscitation efforts is prudent. These patients are challenging, but caring for them rewarding since 
they understand acutely how precious their remaining time is.  

 
Take Home PointsTake Home PointsTake Home Points   
 

 Early identification of  metastases facilitates treatment 
 Prophylactic fixation is easier than fixing a pathologic fracture, with lower risk of  nonunion 
 Mirels score helps guide surgical decision-making  
 Mirels score >8 has increased risk of  pathologic fracture and may be indicated for prophylactic stabilization 
 Goals for patients with bony metastases are pain relief  and rapid restoration of  function 
 Treatment should be multidisciplinary and individually tailored  

References: 
 
1) Mirels H. “Metastatic disease in long bones. A proposed scoring system for diagnosing impending pathologic fractures.”  CORR 2003, 415S: S4-S13. 
2) Eastley N Newey M, Ashford RU. “Skeletal metastases – the role of the orthopaedic and spinal surgeon.”  Surgical Oncology 2012; 21: 216-222. 
3) Haidukewych GJ. “Metastatic disease around the hip. Maintaining quality of life. JBJS-B 2012; 94-B; Suppl A22-25. 
4) Ruggieri P, Mavrogenis AF, Casadei R et al. “Protocol of surgical treatment of long bone pathological fractures.”  IInjury, Int J Care Injures 2010; 41: 1161-1167. 
5) Moon B, Lin P, Satcher R, lewis V. “Simultaneous nailing of skeletal metastases: is the mortality really that high?”  CORR 2011; 469: 2367-2370. 
6) Steensma M, Boland PJ, Morris CD, Athanasian E, Healey JH. Endoprosthetic treatment is more durable for pathologic proximal femur fractures. Clin Orthop Relat Res. 2012 Mar;470(3):920-6. doi: 10.1007/s11999-011-2047-z. Epub 2011 Aug 31.  

VARIABLE 
SCORE (POINTS) 

1 2 3 

  
SITE 

  

 UPPER 
LIMB 

LOWER 
LIMB 

PERITROCHANTERIC 

  
PAIN 

  
MILD MODERATE FUNCTIONAL 

RADIOGRAPHS  BLASTIC  MIXED LYTIC 

SIZE (% OF 
SHAFT  

DIAMETER) 

  
< 1/3 

  
1/3 – 2/3 

  
> 2/3 

Figure 7a. Pre- and post-op radiographs of  the femur in a 64 year old 
female with breast cancer. Note lytic peritrochanteric and 
subtrochanteric lesions. (Courtesy of  Dieter Lindskog, MD) 

Figure 7b. Humerus, 75 year old male with breast cancer (left). 
Pathologic fracture (center). Post-op (right) after IM rod.  

(Courtesy of  Dieter Lindskog, MD) 
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