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Foreword

Improving the success of anticancer therapies in recent decades has led to a 
marked prolongation of survival in patients suffering from cancer even in 
advanced disease. In this extended survival, many patients face persistent 
lesions or recurrences at the original or distant sites, and the skeleton as a 
whole is the third most frequent organ affected by distal metastases after the 
lungs and liver. Bone involvement frequently and seriously affects the life of 
the patients since it can cause severe pain and functional impairments; in 
addition, cancer therapy itself can alter bone composition. There is a need of 
therapies aimed at least at managing these aspects even when an effect on 
survival is not expected. It is also a public health matter since the burden of 
disease associated with bone metastases affects a wide population of cancer 
patients and consumes a relevant amount of health system resources; there-
fore, the selection of alternative therapeutic options should be based on solid 
knowledge. This manual provides an updated overview on the management 
of bone metastases, which is also clear and comprehensive, proposing an 
integrated multidisciplinary approach which is being more and more deemed 
as the most appropriate in many neoplastic diseases. The book covers several 
aspects of what is known about bone metastasis including basic science, e.g., 
bone physiology and mechanisms determining homing and growth of tumor 
cells. Chapters address the different types of therapies, drugs, surgery, and 
physical agents, and also rehabilitation and possible complications are not 
neglected. Considerable attention is paid to the process of therapeutic deci-
sion, which is particularly important and complex in this field where most of 
the cases are not treated with curative intent but rather to limit the symptoms 
of the evolving disease and to ensure a better quality of the residual life. This 
book provides a description of evidence available, decisional algorithms, and 
software to assist in the complex path of clinical decision which has to be 
taken at an individualized level, considering clinical status and expected sur-
vival to balance the impact of therapies and benefits expected. Much attention 
is dedicated to orthopedic surgery, which has a key role in the management of 
bone metastases with several possible solutions and materials extensively 
described in the book. As it would be expected, several authors from well-
known centers contributed to write a manual dealing with such a broad range 
of topics.
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In conclusion, the editors make available to oncologists in general and to 
those specialized in the treatment of cancer bone metastases a valuable tool 
to assist them in the clinical management of such conditions.

Walter Ricciardi
President of the   

Italian National Institute of Health
Rome, Italy

Foreword
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It has been estimated by AIRTUM (Italian Association of Cancer Registries) 
that there have been about 369,000 new diagnoses of cancer in Italy in 2017, 
approximately 192,000 males and 177,000 females. Overall, there are 1000 
new diagnoses of cancer every day. These data are in line with those of the 
American Cancer Society (ACS), which estimates an incidence of 1.7 million 
new cases of cancer, half of which are prone to develop bone metastases. 
Despite the increased incidence, an increase in the survival of these patients 
has been observed in the last few years. According to the ACS, the 5-year 
overall survival of cancer patients has improved from 49% in the years 1975–
1977 to 69% in the period 2006–2012. This outstanding result is due to the 
improvement in the integrated approach to the cancer patient.

Bone is the most common site for metastasis, mainly because of the con-
tribution of breast and prostate cancers, which in postmortem examinations 
have showed a 70% prevalence of metastatic bone disease. However, bone 
metastases may occur in a wide variety of bone malignancies, with consider-
able morbidity and complex demands on healthcare resources. On the basis 
of the data of the Medical Expenditure Panel Survey (MEPS), the agency for 
healthcare research and quality estimated that the direct medical costs for 
cancer in the USA in 2014 were 87.8 billion dollars. Fifty-eight percent of 
those costs were for hospital outpatient or office-based visits and 27% were 
for inpatient hospital stays.

In fact, even though most cases of bone metastases are asymptomatic, 
these can cause pain and are complicated by the so-called skeletal-related 
events (SRE), which include pathologic fractures and impending fractures, 
spinal cord compression, and hypercalcemia. Therefore, the occurrence of a 
skeletal metastasis represents a severe event which negatively affects the 
prognosis of the cancer patient, above all if the lesion requires surgery. On 
average, a patient with metastatic disease will experience SREs once every 3 
to 6 months, usually clustering around periods of progression of the disease, 
and becoming more frequent as the disease becomes more extensive. 
Moreover, occurrence of SREs is associated with an increase in the frequency 
of invasive procedures and in the number of outpatient and daycare visits of 
the oncologic patient.

This book aims to develop awareness of the need for an integrated approach 
to patients affected by bone metastases, by presenting major advances in 
medical, surgical, and radiological interventions for patients with metastatic 
cancer to the bone. Moreover, the approach to the cancer patient in terms of 
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characterization of the patient's disease is fully discussed. The book consists 
of five parts, different in terms of contents and perspective with respect to the 
management of the bone cancer patient.

Part I is entitled “biology of bone metastases” and is devoted to the char-
acterization of the pathology of bone metastasis, and to the medical treat-
ments available today for patients with bone metastases, including bone 
modifying agents and anticancer agents with bone effects, and the bone-tar-
geted therapies used in the adjuvant setting.

Part II is devoted to the “approach to the patients” affected by bone metas-
tases, by giving guidelines to the clinician on how to characterize the single 
patient affected by bone metastases. In particular, some of the most difficult 
challenges for clinicians, like the determination of the patient's survival and 
the risk of fractures of bone lesions (the so-called impending fractures), are 
presented in a complete fashion. These issues influence most of the current 
work of oncologists, clinicians, and surgeons and represent the main issues in 
the care of the oncologic patient with metastatic disease to the bone. Current 
standards of radiation therapy to the long bones, pelvis, and spine are pre-
sented here indicating how this kind of treatment is currently crucial to the 
management of bone cancer patients. Finally, the guidelines of treatment of 
patients with metastases to the different bone segment (namely spine, long 
bone, and pelvis) are provided in separate chapters. We are extremely proud 
of this work, since it reflects the efforts of the Italian Orthopaedic Society 
(SIOT) Bone Metastases Study Group that in the last few years has drawn 
simple and reproducible criteria for decision-making in the clinical setting of 
the bone metastatic patient.

Part III deals with the surgical management of patients with bone metasta-
ses. In the last few years the development of newer instrumentation systems 
and biomaterials, together with less aggressive anesthesiological care, is 
reflected in more targeted surgery, and when possible with more aggressive 
surgery, even in the metastatic patient. This makes sense thinking of the 
increased survival time after surgery of the patients with metastases to the 
bone; therefore the implants and surgical techniques should be targeted to 
anatomical location, type of tumors, sensitivity to radiation, and adjuvant 
therapies, and above all to patients’ survival. Many chapters are dedicated to 
the complications more commonly associated with these surgical interven-
tions. In particular, infections, fractures, and failures around tumor implants 
are among the most feared complications that can occur in these patients. 
Two outstanding contributions are devoted to the correct staging and preop-
erative planning of patients before surgery—“Think, stage, then act” is a 
simple but quintessential rule!—and to the common pitfalls occurring in the 
management of patients affected by skeletal metastases, which most often 
determine the final surgical results. A full chapter is dedicated to the rehabili-
tation of patients operated on for metastatic disease to the bone, since after 
the management of pain and disability, the return to function is our main aim 
for these patients.

Dealing with immunocompromised patients, or when the expected sur-
vival is not enough to accept the risks associated with surgical interventions, 
surgery is sometimes not an option for patients affected by metastases to the 
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bone. In this context, clinicians and interventional radiologists have devel-
oped newer minimally invasive techniques to manage these patients. This is 
the main topic of Part IV. In this context, other techniques like electrochemo-
therapy have been introduced into clinical practice in controlled studies and 
are now available to clinicians for the management of selected patients with 
bone metastases.

We end this book with a look to the contemporary directions in the man-
agement of bone metastases—what’s new—and to the potential future direc-
tions of this discipline. We particularly thank Prof. Capanna for his visionary 
contribution to this book with his chapter entitled “Future Directions,” which 
represents a leap into the next generation of treatments for patients affected 
by bone metastases.

We wish to thank our contributors for the outstanding work expressed in 
their respective chapters. They are well-known leading specialists worldwide 
in the topic of metastases to the bone and osteoncology, and we trust that this 
textbook will represent an international reference in the field of bone metas-
tases. We do recognize that, given the rate of advancement of the knowledge 
in this field, some topics will need constant revision and update. However, 
today this textbook represents a collection of the most current knowledge on 
this subject and definitely reflects the tremendous advancements in the stan-
dard care of these patients worldwide.

Rome, Italy � Vincenzo Denaro
 � Alberto Di Martino
 � Andrea Piccioli
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Metastases to the Pelvis

Eduardo J. Ortiz-Cruz, Manuel Peleteiro-Pensado, 
Irene Barrientos-Ruiz, and 
Rafael Carbonell-Escobar

Abstract
The optimal surgical treatment of bone metasta-
ses may be complex and require multimodality 
treatment strategies to achieve optimal out-
comes. We describe the surgical indications of 
these patients, mainly in the periacetabular zone.

15.1	 �Introduction

Metastatic bone disease (MBD) to the pelvis is a 
challenging problem that affects the patient’s qual-
ity of life (QOL) and is more frequently encoun-
tered by orthopedic surgeons. Pelvic metastases 
cause pain, pathologic fractures, and limit the abil-
ity to ambulate independently. Due to the rela-
tively large dimension of the pelvic cavity, tumors 
at that location usually reach a significant size 
before symptoms appear.

Some locations of metastases within the pel-
vis have no important impact on pelvic stability 
and function (e.g., ilium and pubis), but tumors 
located at the posterior ilium may carry a risk for 
lumbosacral integrity, and tumors of the acetabu-

lum may impair the hip function and the weight-
bearing of extremity. Engagement of the 
acetabular region entails a major risk for patho-
logical fracture due to the high mechanical loads.

The optimal treatment of bone metastases 
may be complex and require multimodality treat-
ment strategies to achieve optimal outcomes, and 
these patients need multidisciplinary approach.

15.2	 �Treatment Planning

The selected procedure should offer an adequate 
treatment to the patient in order to achieve the 
best possible quality of life (QOL) while eluding 
an under- or overtreatment. Factors associated 
with poor QOL include loss of limb function, 
being bedridden, and the occurrence of patho-
logic fractures. There are three types of treat-
ment: nonoperative treatment, minimally invasive 
palliative procedures, and surgical treatment.

The treatment depends on the patient’s symp-
toms, prognosis, patient class [1], histological 
type, and the site of the metastasis, bone loss, 
performance status, patients, and family goals.

15.2.1	 �Minimally Invasive Palliative 
Procedures

Radiation therapy is effective in providing relief 
from painful bone metastasis with a global pain 
response rate as 60%, and therefore the external 
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irradiation is the standard care for patients with 
localized bone pain and palliation of the majority 
of these patients [2, 3].

However, patients who have recurrent pain at 
a site previously irradiated may not be eligible 
for further radiation therapy, and if they are not 
candidates for surgery, the advances in interven-
tional radiology add to our armamentarium a pal-
liative treatment of their symptoms [4].

The most frequent techniques are radiofreq
uency ablation, microwave ablation, cryoabla-
tion, and cementoplasty, which could be used in 
combination with the previous techniques [5–10].

15.2.2	 �Surgical Treatment

Surgical management of MBD is typically reserved 
for lesions with the highest risk of fracture and 
some solitary metastases. Curative resection is rare 
for bone metastasis, except for selected patients 
with isolated involvement; MBD requires mainly a 
palliative approach.

Although these procedures have a high rate of 
complications, the improvement of the quality of 
life could justify the surgical risks [11].

15.2.2.1	 �We Need to Know
The management of pelvic tumors is a challenge 
for orthopedics oncologists due to the complex 
anatomy of the pelvis and the need to have exten-
sive exposures. The decision to proceed with sur-
gery can be difficult for the clinician and the 
patient, as the risks of surgery may outweigh the 
expected benefits of improvement in pain and 
function.

The surgeon needs to understand the next 
issues and allow to answer some questions that 
are formulated in the next paragraphs:

–– Comprehend the anatomic classification by 
Enneking. This classification is based on the 
resected region of the pelvis: type I, ilium; type 
II, periacetabular; type III, pubis; and resection 
of sacrum type IV resection [12] (Fig. 15.1).

–– Comprehend the patients “classes,” which are 
essential to distinguish which patients require a 
surgical treatment. Capanna and Campanacci 
[1] introduced a protocol in long bone metasta-
ses, which provide an aim to look for a suitable 
treatment and working for pelvic metastases 
too. The patients were divided into four classes: 
(1) solitary lesion with good prognosis, (2) 

1

2

3

4

Fig. 15.1  Anatomic 
classification by 
Enneking. Type I, ilium; 
type II, periacetabular; 
type III, pubis; and type 
IV, sacrum resection

E. J. Ortiz-Cruz et al.
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pathologic fracture, (3) impending fracture, and 
(4) osteoblastic lesions at all sites; osteolytic or 
mixed lesions in non-weight-bearing bones 
such as the fibula, ribs, sternum, or clavicle; 
osteolytic lesions in major bones with no 
impending fracture; and lesions in the iliac 
wing, anterior pelvis, or scapula.
Patients included in classes 1, 2, and 3 should 
have been referred to oncology orthopedic sur-
geon for possible surgical treatment. Class 4 
patients are treated mainly conservatively by 
chemotherapy, hormonotherapy, and/or radia-
tion therapy. Diphosphonates, narcotic analgesia, 
radiation therapy, and protected weight-bearing 
are the first steps in this nonsurgical manage-
ment. The radiotherapy should not be indicated 
before surgery because of problems with wound 
healing that can occur.

–– Recognize the zones of the pelvis those are 
at risk for mechanical failure and require 
surgery.
•	 According to Muller and Cappanna, zones 1 

and 3 are comparable to non-weight-bearing 
and expendable bones of the extremity (clav-
icle, sternum, and fibula). Zone 2 equals to 
the articular part of long bones (humerus, 
femur, and tibia), and those are the lesions 
with a high risk for mechanical failure.

•	 Metastatic lesions in zones 1 and 3 (pubic 
rami, ischia, iliac wings) do not compro-
mise the mechanical stability of the pel-
vic ring, and most of them don’t require 
surgery and are not amenable to recon-
struction. Patients with lesions in these 
locations often are managed with nonoper-
ative treatment, in the form of medical and 
radiation therapy or with resection only. 
In contrast, the condition of patients with 
metastatic lesions about the acetabulum 
that result in progressive functional pain, 
hip protrusion, pathologic fracture, and 
inability to ambulate often is improved by 
operative reconstruction [13].

–– Patient prognosis and an estimation of sur-
vival will help dictate the best treatment indi-
cation [14, 15].

–– It is important to understand the metastatic ace-
tabular classifications described by Harrington 

[16] and Issack et al. [17] in order to select the 
best type of surgical management.
•	 Nonetheless, there is significant risk of 

morbidity and mortality that had to take in 
mind. Wood and coworkers [18] accom-
plished a systematic review of the lit-
erature in patients with MBD to the long 
bones and/or pelvis/acetabulum treated 
surgically, and they found a surgical 
advantage if the surgery is done and well 
indicated.

•	 If the indication for surgery is made, which 
type of surgery is the best for the patient? 
What type of margin and what type of 
reconstruction? Regard which resection has 
to be indicated, after analysis of the litera-
ture; there are few data available to compare 
the outcome of wide resection and intrale-
sional resection for pelvic metastases.

•	 Ruggieri et  al. [19] evaluate the role of 
intralesional/marginal resection com-
pared to wide resection, and they didn’t 
found difference in survival between 
wide resection and intralesional/marginal 
resection even in patients with solitary 
metastases. However, if the wide mar-
gin and reconstruction is suitable for the 
patient with solitary metastases, this indi-
cation is probably the best option in order 
to attempt to increase the survival mainly 
if the metastases are coming from thy-
roid and renal carcinomas. Preoperative 
embolization of these tumors is strongly 
recommended to reduce intraoperative 
blood loss.

15.2.3	 �Surgical Planning

Surgeries are rarely required for complete or 
impending pathologic fractures of the pelvis 
other than for those involving the acetabulum.

Surgical resection of the metastatic disease of 
the acetabulum should fulfill three aims:

	1.	 Tumor resection
	2.	 Bone defect reconstruction
	3.	 Stabilization of the skeletal segment
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15.2.4	 �Periacetabular Defects

Periacetabular tumors may cause severe debilitat-
ing pain with hip dysfunction and pathologic 
fractures often lead to protrusion acetabuli 
(Fig. 15.2). Small metastatic lesions to the ace-
tabulum may be managed by radiation alone and 
intralesional resection to strengthen the acetabu-
lar roof and cement packing augmentation rein-
forcement with Steinman pins, or the use of a hip 
or pelvic prosthesis [20], and also with percuta-
neous bone packing. Bone cement raises the 
resistance of the acetabulum and allows loading 
of the limb (Fig. 15.3a, b).

When larger lesions have an intact medial wall 
but have significant acetabular defect, they can be 
reconstructed with a total hip arthroplasty aug-
mented by cement and screws fixation.

Surgery is required for those lesions that com-
promise the load transfer from the lower limb to 
spine. These lesions affect the superior and 
medial acetabular walls, as well as the medial 
column of the pelvis and the posterior ilium in 
the region of the sacroiliac joint.

–– Posterior ilium lesions not involving the ace-
tabulum can be treated by intralesional resec-
tion and cement reconstruction (Fig. 15.3b).

–– Acetabular lesions that are contained (with an 
intact medial wall) can be reconstructed by a 
cemented arthroplasty. Protrusio acetabular cups 
compensate for deficiencies of the medial wall 
(MEC: Type 2), while cement and pin fixation 
(modified Harrington method) can be used effec-
tively to reconstruct large defects in the acetabu-
lar column and dome (MEC Type 1 and 2) [21].

–– In addition to classified metastatic disease 
of the acetabulum, Harrington described the 
surgical technique of reconstructing the pel-
vic ring with multiple pins, cement, cage, 
and a cemented total hip replacement. Since 
then, the method has been validated, and 
modifications of the technique have been 
proposed [22].

–– A long-stem femoral component is often used, 
not just to complete the total hip reconstruc-
tion but also to prevent against pathologic 
fracture of the femur in the case of disease 

Fig. 15.2  AP radiograph of a 72-year-old male that 
shows protrusion acetabuli, secondary by thyroid cancer, 
with hip pain since 3  months ago. Probably he needed  
a previous surgery, before protrusion acetabuli were 
identified

a

b

Fig. 15.3  AP radiographs that show percutaneous bone 
packing (a) and open intralesional resection and bone 
packing reinforced with a Steinman pin (b)
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progression. However, long cemented femoral 
stems may lead to adverse events such as 
hypotension or desaturation that are thought 
to be secondary to embolic phenomena.

–– Cemented components are commonly favored 
in the setting of metastatic bone disease, as the 
associated use of radiation therapy will limit 
the degree of bony ingrowth with noncemented 
prostheses.

Type 3 and 4 may require resection or recon-
struction with an acetabular prosthesis. Stemmed 
acetabular implants (ice cream cone prosthesis 
or pedestal cup) allow anchorage of the acetab-

ular cup into the posterior ilium with the stem 
(Fig.  15.4a, b). Modular tumor prostheses are 
being increasingly used.

Alternatively, a custom made pelvic prosthe-
sis may be used and joint reconstruction using 
bone allografts; however, they are burdened with 
a high rate of complications.

If the acetabulum is not possible to recon-
struct, but a significant amount of iliac crest is 
available, a saddle prosthesis implant can be 
used, which acts as a yoke type device using the 
iliac crest as a fulcrum. These devices can fail by 
dislocation or by fracture of the remaining iliac 
crest.

a

b

Fig. 15.4  (a) Intraoperative photograph, we can observe 
an implanted ice cream cone prosthesis with restored gap 
and limb length with the PMMA. Dual-mobility noncon-

strained polyethylene and chrome-cobalt head were 
implanted to restore the joint. (b) AP radiographs that 
show the reconstruction
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In cases where there are no further reconstruc-
tion options available or in those patients in whom 
the surgical risk is high, we have to consider a 
resection arthroplasty (Fig. 15.5) [23]. Hindquarter 
amputation is the last measure reserved for cases 
of tumor fungating through skin, non-suppressive 
deep infections, or intractable pain.

15.3	 �Summary

We hope with time, these complicated recon-
structions will be addressed more easily with 
more standard and predictable implant recon-
struction techniques. As these resections and 

reconstructions involve risk of complications and 
blood loss, it is important to determine preopera-
tively if the benefits recompense the risks.

Although the reconstruction of defects in the 
lower limb following the resection of primary 
bone tumors has proved successful, the search for 
the optimal implant to reconstruct pelvic defects 
continues.

Resection of pelvic tumors is a technically 
demanding procedure and reconstruction 
demands the all-embracing use of modern surgi-
cal techniques and orthopedic implant technol-
ogy [24, 25]. Several reconstructive techniques 
have been recommended with modest functional 
results and a high incidence of complications.

We must not underestimate the worth of a 
multidisciplinary team composed of experienced 
specialists devoted to the common goals of pro-
viding the best comprehensive treatment now 
available and helping to progress these treatment 
modalities in the future.
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