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Non-traumatic osteonecrosis of bone is recognized as a potential complicationAbstract
in solid-tumour cancer patients receiving treatment with cytotoxic chemotherapy.
This review summarizes recent reports of osteonecrosis associated with chemo-
therapy in cancer patients, and describes the possible underlying pathophysiology
and options available for its diagnosis, prevention and treatment. Fifty-four
reported cases of non-traumatic osteonecrosis in adult patients with solid tumours
receiving chemotherapy were identified by searching for reports in the medical
literature. Osteonecrosis was observed most commonly in men receiving chemo-
therapy for testicular cancer. Osteonecrosis was also seen in patients receiving
chemotherapy for breast, ovarian, small-cell lung cancer and osteosarcoma. Most
patients had received corticosteroids, had femoral head involvement and had
delayed onset of osteonecrosis. It appears that patients at higher risk for oste-
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onecrosis with chemotherapy are identifiable. As the long-term survival of
patients with solid tumours receiving chemotherapy increases, the prevalence of
treatment-related osteonecrosis may also increase. Patients should be informed
that osteonecrosis is a potential complication of cancer treatment. Measures to
reduce risk should be taken, and patients should be monitored for early symptoms.
Routine screening for chemotherapy-associated osteonecrosis is not recommen-
ded; however, a high index of clinical suspicion in patients at risk may allow for
early intervention and preservation of the joints.

Non-traumatic osteonecrosis is well recognized LINE (1998–January 2008) and EMBASE
as a complication of corticosteroid exposure in be- (1998–January 2008) electronic databases, and car-
nign diseases. Non-traumatic osteonecrosis has also ried out a bibliographical review of relevant cita-
been reported in patients with haematological ma- tions. The searches were unrestricted by language
lignancies, in patients undergoing allogeneic bone and used the major topic headings of ‘osteonecrosis’
marrow transplantation, and in those receiving (MEDLINE) and ‘bone necrosis’ (EMBASE) in
radiotherapy. Only recently has it been recognized combination with the term ‘chemotherapy’. Paedia-
as a potential complication in patients with solid tric patients (age <18 years), patients with histories
tumours receiving chemotherapy.[1] Solid tumours of prior surgery or radiotherapy to the sites of oste-
are much more common than haematological can- onecrosis, haematological neoplasms, osteonecrosis
cers, and the use of chemotherapy is increasing as affecting solely the mandible or maxilla and those
more agents are approved for use and the indications using concurrent bisphosphonates were excluded.
for adjuvant chemotherapy are expanding.[2] Thus Clinical information for each case, including age,
the absolute number of cancer patients at risk for sex, cancer diagnosis, chemotherapy treatment, cu-
cancer chemotherapy-associated osteonecrosis mulative corticosteroid dose during chemotherapy,
(CCON) is increasing dramatically. timing of osteonecrosis diagnosis and treatment of

osteonecrosis was recorded. Corticosteroid dosesThe use of bisphosphonates has recently been
were converted to, and are reported as, the oralassociated with osteonecrosis of the maxilla and
prednisone equivalent dose.mandible.[3] Although bisphosphonate use is com-

mon in cancer patients, the focus of this article will
1.2 Literature Search Findingsbe on patients with solid tumours who have received

cytotoxic chemotherapy. In addition to the cases already published,[1,4-15] 9
This review describes case reports of CCON in reports describing 14 unique patients with non-trau-

the literature, then discusses hypotheses for its un- matic osteonecrosis after chemotherapy for solid
derlying pathophysiology, its prevalence, diagnosis tumours were identified.[16-24] Patient age ranged
and the options available for prevention and treat- from 24 to 68 years. Ten of these newly reported
ment. patients were men with testicular cancer, three were

women with ovarian cancer and one was a woman
1. Reports in the Literature with breast cancer. In total, 54 cases of non-traumat-

ic osteonecrosis in patients with solid tumours re-
ceiving chemotherapy were identified (table I).1.1 Literature Search Strategy

Even with this relatively small number of report-
A previous systematic review identified 12 re- ed cases, some clinical associations are evident.

ports and describes 38 adult, solid-tumour patients Over 70% of reported cases of CCON have involved
with CCON.[1] The cases identified in this previous men. Reported cases in adults have largely been
review are included in this current paper, and in restricted to four solid cancer types: testicular can-
addition we searched for reports and reviews pub- cer, breast cancer, ovarian cancer and osteosarcoma.
lished since the previous review using the MED- Where reported, 90% of patients received cortico-

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (5)



C
hem

otherapy-A
ssociated

 O
steonecrosis in C

ancer Patients w
ith Solid

 T
um

ours
361

©
 2008 A

d
is D

a
ta

 In
fo

rm
a

tio
n

 BV
. A

ll rig
h

ts re
se

rve
d

.
D

ru
g

 Sa
fe

ty 2008; 31 (5)

Table I. Adult cases of osteonecrosis associated with chemotherapy for solid tumours

Publication No. of Age (y), Cancer Chemotherapy Cumulative Onset Site(s) Treatment
cases sex diagnosis treatment corticosteroid

dose (g)
[prednisone
equivalent]

Obrist et al.[4]a 1 48 F Breast CMF 0 Subacute Humeral head NR

Perloff and Lesnik[5]a 2 62 F, 47 F Breast CMFVP 1.2, 1.5 Delayed R femoral head, bilateral TRHR, TBHR

femoral heads

Harper et al.[6]a 1 23 M Testis VeB + VAC, PVB 0 Subacute Multiple NSAID, PT

Marymont and 1 40 F Breast Melphalan, FAC 0 Delayed Bilateral femoral Decompression,

Kaufmann[7]a condyles bone graft

Kolin and Sherry[8]a 3 48 F, 62 F, Breast CMFVP 1.5, 1.2, NR Delayed Femoral heads TBHR, TRHR,

43 F R Jewitt nail

Meneghello et al.[9]a 2 32 M, 32 F 1 testis, PVB, VAC NR, 0.1 Delayed Bilateral femoral heads NR

1 OS

Wuisman et al.[10]a 1 18 F OS Adriablastin, NR Acute Proximal L tibia NR

methotrexate,

ifosfamide,

cisplatin

Forrai et al.[11]a 19 31–52 M Testis PVB Range 1.7–8.1, 2 subacute, 6 one femoral head, 13 NR

average 3.6 17 delayed bilateral femoral heads

Jones[12]a 1 53 M Small-cell EC, EP >1.7 Subacute Multiple ORIF of undisplaced

lung fracture

Gogas and Fennelly[13]a 1 61 F Ovary Multiple 4.3 Delayed Bilateral femoral heads Bilateral core

decompression

Besson et al.[14]a 1 47 F Breast Multiple 2.7 Subacute Multiple Joint replacement

Cook et al.[15]a 5 29–33 M Testis BEP 2.9, 2.5, 3.3 Delayed 2 bilateral femoral 2 patients had

heads, 1 R femoral TBHR,

head 1 conservative mgmt

Continued next page
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Table I. Contd

Publication No. of Age (y), Cancer Chemotherapy Cumulative Onset Site(s) Treatment
cases sex diagnosis treatment corticosteroid

dose (g)
[prednisone
equivalent]

Winquist et al.[1]a 2 20 M, 37 M Testis 1 PVB, 2.8, 3.2 Delayed Femoral heads TBHR

1 BEP

Coles and Williams[17] 1 24 M Testis BEP 1.9 Delayed Bilateral femoral heads TLHR

Cook et al.[16] 2 NR Testis BEP 3.0, 2.5, 3.3, 1.5 Delayed Femoral heads NR

Dawson et al.[18] 1 68 F Breast CMF 1.1 Delayed Bilateral femoral heads TRHR

Magné et al.[19] 1 42 M Testis EP, ECI 2.4 Subacute Multiple TBHR

Virik et al.[20] 1 34 M Testis BEP 3.2 Delayed Bilateral femoral heads Conservative mgmt

Bojko et al.[21] 2 49 F, 39 F Ovary Multiple, including NR Delayed Femoral heads TBHR

PBSCT

van den Berkmortel et 3 28–29 M Testis BEP 2.2, 2.6, 1.2 Delayed Femoral heads TRHR, L bone

al.[22] grafting after removal

of osteonecrotic

bone; conservative

mgmt; R hip

decompression

Beckmann et al.[23] 1 61 F Ovarian Carboplatin 0 Delayed L scaphoid Resection scaphoid,

arthrodesis

Kaila and Wolman[24] 2 25 M, 36 M Testis BEP 0.64, 0.64 Delayed R femoral head, Both patients had

L femoral head surgical

decompression and

resurfacing

a Cases described previously in Winquist et al.[1]

BEP = bleomycin, etoposide, cisplatin; CMF = cyclophosphamide, methotrexate, fluorouracil; CMFVP = cyclophosphamide, methotrexate, fluorouracil, vincristine, prednisone; EC

= etoposide, carboplatin; ECI = etoposide, carboplatin, ifosphamide; EP = etoposide, cisplatin; F = female; FAC = fluorouracil, doxorubicin, cyclophosphamide; L = left; M = male;

mgmt = management; NR = not reported; ORIF = open reduction internal fixation; OS = osteosarcoma; PBSCT = peripheral blood stem cell transplant; PT = physiotherapy; PVB =

cisplatin, vinblastine, bleomycin; R = right; TBHR = total bilateral hip replacement; TLHR = total left hip replacement; TRHR = total right hip replacement; VAC = vincristine,

dactinomycin, cyclophosphamide; VeB = vinblastine, bleomycin.
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steroids with chemotherapy, and the range of cumu- received corticosteroids with chemotherapy (median
lative corticosteroid dose was 0–8.12 g prednisone cumulative prednisone equivalent dose 1.35 g, range
equivalent. The median cumulative corticosteroid 0–2.7 g). Although five breast cancer patients had
dose was 2.2 g, and over 85% of patients received a femoral head involvement, other sites were also
cumulative dose of at least 1.0 g. Nearly 95% of affected, including the humeral head and femoral
patients had involvement of the femoral head, often condyles. Four women with ovarian cancer were
bilaterally. Finally, 90% of patients had delayed identified.[13,21,23] The median age of the patients
onset (more than 6 months after chemotherapy) or with ovarian cancer was 55 years at diagnosis (range
diagnosis of osteonecrosis. The remainder had suba- 39–61 years). Except for one patient treated with
cute onset (within 6 months of chemotherapy), ex- carboplatin alone, all had received multiple regi-
cept one patient with acute osteonecrosis of the mens for metastatic disease. All but one were report-
proximal tibia in association with intra-arterial ed to have received corticosteroids with chemother-
chemotherapy. apy. Only one case report specified the total dose of

corticosteroid given, a cumulative prednisone equi-Seventy percent of the adult patients were males
valent dose of 4.32 g given along with chemother-with testicular cancer,[1,9,11,15-17,19,20,22,24] and the
apy in the 61-year-old woman who later developedmedian age of this subset of patients was 29 years
bilateral osteonecrosis of the femoral heads. Three(range 20–42 years). All received treatment with
of the ovarian cancer patients had femoral headcombinations of cisplatin, bleomycin, vinblastine
involvement, but one patient who had receivedand/or etoposide. One patient did not receive corti-
carboplatin alone (without corticosteroids) had oste-costeroids with chemotherapy, and the median cu-
onecrosis of the scaphoid bone of wrist.mulative prednisone equivalent dose was 2.24 g

Two patients with osteosarcoma and osteonecro-(range 0–8.108 g). Excess alcohol consumption was
sis were reported.[9,10] One 32-year-old patient de-identified as a potential risk factor in two patients in
veloped bilateral femoral head osteonecrosis follow-two reports and, interestingly, both had also re-
ing chemotherapy with vincristine, doxorubicin andceived lower cumulative doses of corticosteroids
cyclophosphamide chemotherapy. The other patient(1.16 g and 1.45 g).[16,22] This association was also
(age 18 years) had multiple prior chemotherapyidentified in an earlier report using case-control
regimens and developed acute osteonecrosis of themethodology.[11] Use of alcohol and other patient
proximal tibia following intra-arterial cisplatin ther-characteristics such as body mass index were not
apy in the ipsilateral leg. A single patient with lungconsistently reported. Where reported, the femoral
cancer (small-cell type) was identified,[12] and de-heads were involved in all patients, with bilateral
veloped CCON after ten cycles of platinum/etopo-involvement occurring in 75% of cases. One patient
side chemotherapy as well as intravenous dexameth-developed multifocal osteonecrosis involving both
asone given for the treatment of brain metastases.femoral heads, the right humeral head and both

scapulae. He had also received radiotherapy to the
2. Pathophysiologymediastinum and both subclavicular regions, but not

the hips. There are many well established risk factors for
With the exception of a patient with osteosarco- the development of osteonecrosis that may occur

ma, all women with CCON had either breast cancer either alone or in combination. The emphasis of this
or ovarian cancer. The nine breast cancer patients review is non-traumatic osteonecrosis. Risk factors
had a median age of 47 years (range 40–68 for osteonecrosis include alcoholism, radiation ex-
years).[4,5,7,8,14,18] Six had received adjuvant chemo- posure, chemotherapy, corticosteroid use and
therapy, and one patient had metastatic disease. All haematological disorders.[25] For a more extensive
of these patients had received cyclophosphamide, list, please see table II. Hypotheses regarding the
methotrexate and fluorouracil-based chemotherapy, aetiology of osteonecrosis in cancer patients include
except one patient who was treated first with mel- altered fat metabolism, intravascular coagulation,
phalan and then with fluorouracil, doxorubicin and inhibition of angiogenesis and primary cell death
cyclophosphamide. All but two of the patients had (apoptosis).

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (5)
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Table II. Conditions associated with non-traumatic osteonecrosis (reproduced from Jones Jr,[25] with permission)

Category Condition

Familial thrombophilia APC resistance, protein C deficiency, protein S deficiency, antithrombin III deficiency,
hyperhomocysteinaemia

Hyperlipaemia and embolic lipid Alcoholism, carbon monoxide poisoning, diabetes mellitus, fat emulsion therapy, hypercortisolism,
hyperlipaemia (types II and IV), C-reactive protein increased, obesity, pregnancy (fatty liver),
disrupted adipocytes, dysbaric phenomena, haemaglobinopathies, pancreatitis (lipase), severe burns,
unrelated fractures

Hypersensitivity reactions Anaphylactic shock, antiphospholipid antibodies, immune complexes, immune globulin therapy, serum
sickness, systemic lupus erythematous, anticardiolipin antibodies, lupus anticoagulant

Hypofibrinolysis Dysfibrinogenaemia, plasminogen deficiency, t-PA decreased, PAI-1 increased

Infections Bacterial endotoxic reactions (e.g. Neisseria meningitidis, Haemophilus influenzae, Escherichia coli,
others), bacterial polysaccharides (e.g. intravenous drug abuse, septic abortion, toxic shock,
Staphylococcus exotoxin), viruses (e.g. cytomegalovirus, hepatitis, human immunodeficiency, rubella,
others)

Proteolytic enzymes Pancreatitis (trypsin), snake venom

Tissue factor release Inflammatory bowel disease (e.g. Crohn’s disease, ulcerative colitis), malignancies (e.g. acute
leukaemias, Hodgkin’s disease, metastatic carcinoma, pancreatitic carcinoma, others), chemotherapy,
neurodamage (e.g. brain injury/surgery, spinal injury/surgery), pregnancy (e.g. amniotic fluid
embolism, fatty liver of pregnancy, normal pregnancy, retained fetus in utero, toxaemia, pre-
eclampsia, eclampsia)

Other prethrombotic conditions Acidosis, anorexia nervosa, oestrogens, cigarette smoking, decompression sickness, diabetic
angiopathy, haemolytic-uraemic syndrome, haemolysis, hepatic failure, hyperfibrinogenaemia,
hypertension, hypertrophic fatty marrow, hyperviscosity, hypotension (shock), immobilization,
lipoprotein (a), nephrotic syndrome, patent foramen ovale, polycythaemia, postoperative states,
Raynaud’s phenomenon, sickle-cell crisis, storage diseases, Fabry-Anderson disease, Gaucher
disease, polyvinylpyrrolidone, thrombocytosis, thrombocytopenia purpura, vasoconstriction, vascular
disorders, aneurysms, arteriosclerosis, giant haemangioma, vasculitis

APC = activated protein C; PAI-1 = plasminogen activator inhibitor 1; t-PA = tissue-type plasminogen activator.

2.1 Corticosteroids the adipocytic pathway, eventually leading to oste-
onecrosis.[28,29]

The use of dexamethasone and other corticoster-
oid agents is common in patients with cancer, both 2.2 Intravascular Coagulation
as part of an anti-neoplastic regimen and for pallia-
tion of symptoms. However, the use of dexameth- Intravascular coagulation is now recognized as a
asone is associated with hyperlipidaemia and the central event in the pathogenesis of osteonecro-
accumulation of lipids in bone, particularly in the sis.[25] It is obvious from table II that most of the
femoral head.[26] As bone is an inextensible com- conditions associated with non-traumatic os-
partment, expansion of the nonvascular content teonecrosis are also associated with either dissemi-
leads to compromise the vascular compartment and nated intravascular coagulation or hypercoagulabili-
subsequent critical ischaemia. ty. Cancer and its treatments are linked with hyper-

Animal autopsy studies have examined the size coagulability. The overall rate of clinical venous
of bone marrow fat cells in osteonecrosis of the thromboembolism in cancer patients is approxi-
femoral head. These studies have suggested that mately 15% (range 3.8–30.7%), compared with an
enlargement of fat compartments within the femoral incidence of 2.5% in the general population.[30] Sev-
head is an early event in the pathogenesis of os- eral mechanisms for thrombophilia in the cancer
teonecrosis and that this expansion of fat compart- patient have been proposed.[30] There is limited di-
ments is promoted by administration of corticoster- rect information regarding the incidence of throm-
oids.[27] In vitro studies suggest that corticosteroids bosis in patients with osteonecrosis, and therefore it
may shunt uncommitted osteoprogenitor cells in remains unclear if those at increased risk for throm-
bone marrow from osteoblastic differentiation into bosis are also at elevated risk for osteonecrosis.

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (5)
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Support for the concept of thrombophilia as a key however, that many ‘traditional’ chemotherapeutic
factor in the pathogenesis of osteonecrosis can be agents have anti-angiogenic properties. Such agents
taken from the work of Zalavras et al.[31] These include alkylating agents (cyclophosphamide, mel-
investigators measured haematological indices in 68 phalan), antimetabolites (methotrexate, fluoro-
patients with osteonecrosis and 36 healthy controls. uracil), anthracyclines (doxorubicin, epirubicin, mi-
The osteonecrosis patients had increased von Wil- toxantrone), topoisomerase inhibitors (irinotecan,
lebrand factor, protein C and protein S concentra- topotecan), taxanes (paclitaxel, docetaxel), vinca al-
tions compared with normal controls. Wada et al.[32] kaloids and cisplatin.[38] These agents may inhibit
randomized rats to receive either water with warfa- angiogenesis wherever it occurs, whether it is at the
rin or plain water. In the rats treated with warfarin, site of tumour, a surgical incision or an osteonecrot-
the incidence of osteonecrosis was significantly ic femoral head. Furthermore, although the newer,
lower than in the plain water group (10% vs 53%). ‘targeted’ anti-angiogenic therapies (e.g.
Predictably, coagulation time was significantly bevacizumab, sorafenib, sunitinib) have not yet
longer in the warfarin group. The finding that warfa- been linked with osteonecrosis in patients, it is a
rin lowers the incidence of osteonecrosis supports theoretical concern.
the hypothesis that hypercoagulability plays an im-
portant role in the pathogenesis of osteonecrosis. 2.4 Osteocyte Death

2.3 Angiogenesis
The theory has been forwarded by Wong et al.[39]

The normal bone turnover process involves that the death of osteocytes may in fact be a cause of
angiogenesis, the formation of new blood vessels. A osteonecrosis rather than a result. Pathological stud-
hypothesis that the pathogenesis of osteonecrosis is ies have shown that, in the ‘timeline’ of osteonecro-
at least partly based on inhibition of angiogenesis sis, osteoblast death may precede other histological
has been proposed.[33] Evidence for this hypothesis changes in bone tissue.[26,40] In any event, the death
includes the angiographical studies of the femoral (by either necrosis or apoptosis) of osteoblasts is a
head in patients with osteonecrosis. In vivo rat stud- crucial event in the pathogenesis of osteonecrosis.
ies have afforded some insight into the mechanisms Calder et al.[41] studied the rate of osteoblast apopto-
by which angiogenesis contributes to the early re- sis in the femoral heads of patients undergoing total
parative phase of osteonecrosis.[34] In one study, hip arthroplasty. Of 20 patients with osteonecrosis,
investigators experimentally cut off vascular supply 15 showed findings indicative of osteoblast apopto-
to the femoral heads of rats and resulting oste- sis. No patients in the control group (patients with
onecrosis was observed. During the repair phase, osteoarthritis) exhibited this finding. If the osteo-
synovial fibroblasts were found to express vascular blast death was due to ischaemia alone, the predomi-
endothelial growth factor (VEGF), an important me- nant histopathological finding should have been ne-
diator of the angiogenesis process. Similarly, work crosis, rather than apoptosis. Gangji et al.[42] also
by Yang et al.[35] and Nakame et al.[36] show that noted abnormalities in the replicative capacity of
angiogenic factors (VEGF and basic fibroblast osteoblasts taken from the femoral head of patients
growth factor) can enhance the repair of avascular with osteonecrosis.
necrosis of the femoral head in rabbits. Several authors have studied the effects of

Hypoxia-inducible factor (HIF)-α is also an im- cytotoxic chemotherapy on bone cells. Banfi et
portant component of the biological pathways that al.[43] found that chemotherapy in patients with non-
regulate angiogenesis. In a Korean study, certain Hodgkin’s lymphoma and breast cancer was asso-
genetic polymorphisms of HIF-α were found to be ciated with dose-dependent toxicity to bone marrow
tightly associated with the incidence of idiopathic stromal osteoprogenitors. An in vitro study by Da-
osteonecrosis of the femoral head in human stud- vies et al.[44] assessed the effects of chemotherapy on
ies.[37] primary human osteoblast-like cell numbers and

Anti-angiogenic therapy has recently been a fo- apoptosis. They noted a reduction in osteoblast
cus of interest in cancer research. It should be noted, numbers with exposure to various chemotherapeutic

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (5)
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agents. Finally, rat studies have shown that fluoro- similar to those used in the treatment of testicular
uracil induces apoptosis in metaphyseal bone.[45] cancer and cumulative corticosteroid doses. As the

clinical presentation of CCON is dramatic, it is
3. Incidence unlikely that under-diagnosis is responsible, but it is

possible that CCON is simply under-reported. An-Cook et al.[16] followed a cohort of 103 patients
other final possibility relates to the historical use ofwith testicular cancer undergoing chemotherapy to
chemotherapy predominantly in solid-tumour pa-determine the prevalence of avascular necrosis. Of
tients with metastatic disease. As CCON has a103 patients, 4 had evidence of avascular necrosis
delayed onset, it is possible that patients may suc-identified using MRI, an overall prevalence of 3.8%
cumb to their cancer before developing symptoms of(95% CI 1, 10). Winquist et al.[1] estimated the
CCON or these symptoms may be mistaken foroverall crude incidence of osteonecrosis in testicular
those of metastatic disease. Adjuvant chemotherapycancer patients at 1.5% (95% CI 0.9, 2.1).
for breast cancer also involves the treatment ofAs a reference point, in non-cancer (renal trans-
patients potentially cured of their cancer (similar toplant) patients taking high doses of corticosteroids
testicular cancer), so it is interesting to note thatMRI evidence of osteonecrosis of the femoral head
breast cancer was the second most common cancerwas seen in 6–9% of patients.[46,47] It should be
associated with CCON, and six of the nine reportednoted, however, that most of these patients were
cases had received chemotherapy in the adjuvanttaking long-term, daily doses of prednisone in ex-
setting.cess of 0.25 g. Koo et al.[48] reported that in 22

patients who had received corticosteroids and were 4. Diagnosis
diagnosed with non-traumatic osteonecrosis, the
mean cumulative dose ranged from 1.8 to 15.5 g, As osteonecrosis usually affects the hips, early
with a mean of 5.9 g prednisone equivalents. Further diagnosis and management is essential to avoid
to this, Griffith et al.[49] noted that in patients with long-term morbidity and to improve the chances of
severe acute respiratory syndrome treated with cor- preserving the affected joints. Typically patients are
ticosteroids, a cumulative corticosteroid dose of asymptomatic for weeks to years after the initial
<3 g was associated with a 0.6% risk of osteonecro- vascular insult. The pathophysiology of this is un-
sis, while a cumulative dose of >3 g resulted in a known, with insidious presentation resulting in
13% risk. delayed diagnosis being typical of the disease.

Of the 54 patients we identified, most received
4.1 History and Physical Examinationconcomitant corticosteroids at a mean cumulative

dose below the level commonly associated with
The most common symptom patients presentincreased risk for osteonecrosis in non-cancer pa-

with is pain, usually localized to the inguinal regiontients.[48,49] The incidence of CCON was highest in
but may also involve the buttock or upper thigh. Themen with testicular cancer. This is somewhat unusu-
pain is brought on by activity, especially weightal as many cancer patients with more common ma-
bearing, but it can also occur at rest in up to two-lignancies are treated with chemotherapy but with
thirds of patients.[50] Occasionally, osteonecrosis oc-far fewer reported cases of CCON. Possible expla-
curs at multiple sites, and will present with multiplenations for this apparent increased risk include more
joint complaints. On examination, a limp may beprolonged or higher corticosteroid exposure, specif-
observed, and there is usually decreased range ofic effects of the cytotoxic agents commonly used for
motion, especially with forced internal rotation andtreatment of testicular cancer, or an age-vulnerabili-
abduction.[50]

ty effect related to bone growth or metabolism. The
latter may be perhaps most influential as other 4.2 Radiographic Investigations
groups of cancer patients receive very similar drug
exposures with few reports of CCON. For example, Several imaging modalities are available to diag-
only one patient with lung cancer has been reported nose osteonecrosis; however, their sensitivity and
with osteonecrosis[12] despite use of agents very specificity depend heavily on the stage of the dis-
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ential diagnosis is limited. The other main diagnos-
tic possibility is transient bone marrow oedema syn-
drome (TMES).[52-54] In both osteonecrosis and
TMES, there is a pattern of bone marrow oedema:
low signal intensity on T1-weighted MR images and
high signal intensity on T2-weighted MR images.
This is often described in the femoral head and neck.
However, osteonecrosis usually shows a well de-
marcated area surrounded by a serpiginous line,
whereas in bone marrow oedema there is a low-
diffuse signal. Causes of bone marrow oedema may
include bone bruise, infection, epiphyseal stress
fracture and neoplasm. TMES is a rare disorder that
involves hip pain along with femoral head and neck
osteopenia. It is a self-limiting disorder, usually

Fig. 1. T1-weighted magnetic resonance imaging (MRI) scan show-
ing areas of peripheral serpiginous low signal with osteonecrosis
affecting approximately 75% of the articular surface on the right and
50% on the left, without femoral head collapse, in a testicular can-
cer patient with delayed non-traumatic osteonecrosis following
chemotherapy (figure 1 and figure 2 show the same patient).

resolving both clinically and radiologically within
6–24 months, which has a unique histopathology,ease. Cancer patients presenting with new-onset hip

pain usually first undergo standard radiographic and is most common in pregnant women and mid-
evaluation. Plain radiographs of both hips may take dle-aged men who lack osteonecrosis risk factors.[52]

weeks to months to show changes consistent with Bone marrow necrosis is a distinct clinicopatho-
osteonecrosis, which is initially manifested as areas

logical entity associated with haematological malig-
of radiolucency and sclerosis within the femoral

nancy, sickle cell disease, infection and some medi-head.
cations. It is often accompanied by pancytopenia. InMRI should be performed if osteonecrosis is
bone marrow necrosis (unlike osteonecrosis), thesuspected despite normal plain films. Both hips
spicular architecture of bone is preserved, while theshould be imaged as more than 50% of cases of non-
reticular structure is destroyed. Histologically, ne-traumatic osteonecrosis are bilateral.[50] The most
crosis of myeloid tissue and medullary stroma arecommon MRI finding is a line of low signal in the

anterior superior portion of the femoral head on T1- seen. Patients often have severe back pain, fever,
weighted sequences, which is well demarcated by a pancytopenia and elevated lactate dehydrogenase
serpiginous line (figure 1). On the T2-weighted levels.[55]

images, there is also a decreased signal that is sur-
rounded by a high signal circumscribing the necrotic
area in the upper part of the femoral head (figure 2).
In the early stages, this necrotic area exhibits the
normal bone marrow fatty signal. In the late stages,
it exhibits a low signal on both sequences. MRI has
been found to be superior to computed tomography
(CT) and bone scintigraphy for diagnosis of os-
teonecrosis.[51]

4.3 Differential Diagnosis

When a patient presents with a history of pain
consistent with osteoarticular origin and imaging
findings are suggestive of osteonecrosis, the differ-

Fig. 2. T2-weighted magnetic resonance imaging scan showing
areas of high signal in the femoral heads bilaterally, along with
peripheral serpiginous low signal (figure 1 and figure 2 show the
same patient).
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4.4 Staging to corticosteroids and a cohort of patients at a vul-
nerable age for osteonecrosis.

At least five staging systems for osteonecrosis The risk of osteonecrosis is increased with both
are in common use.[56] One of the more commonly exposure to corticosteroids and total cumulative cor-
used systems is that of the Association Internatio- ticosteroid dose. This suggests that the ubiquitous
nale de Recherché sur la Circulation Osseuse use of dexamethasone for prophylaxis of emesis
(ARCO).[57] The ARCO staging system is drawn may need to be reassessed in some patients. How-
from several previous osteonecrosis staging sys- ever, younger patients are at higher risk for chemo-
tems, and also adds the characteristic of lesion size: therapy-related nausea and vomiting, leaving the

Stage 0: feasibility of omitting corticosteroids open to ques-
• Only bone biopsy shows avascular necrosis, all tion. Efforts to minimize the total dose are sensible,

other tests normal. and omission of corticosteroids may become more
Stage 1: practical with the emergence of effective alternative

• Plain radiographs and CT normal. noncorticosteroid antiemetics.
• MRI or scintigraphy positive, extent of involve- In order to minimize concomitant risk factors,

ment of femoral head categorized as A, B or C patients should also be cautioned regarding excess-
(<15%, 15–30% and >30%, respectively). ive alcohol use and smoking as these behaviours
Stage 2: may increase the risk of osteonecrosis. Fat compart-

• Radiographs show osteosclerosis, osteopenia, ment expansion is implicated in the pathogenesis of
cystic or mottled femoral head without collapse osteonecrosis,[27] and statin-type drugs may have
or acetabular involvement. beneficial effect.[58] Therefore, in patients with

• MRI or scintigraphy positive. hyperlipidaemia, the use of lipid-lowering agents
• Extent of involvement A, B or C. might be considered. Experimental evidence sug-

Stage 3: gests that intravascular coagulation is a factor in
• Radiographs show crescent sign, early flattening osteonecrosis.[31,32] Therefore, correction of hyper-

of dome. coagulable states (e.g. in patients with documented
• May need CT or tomograms. thromboembolic events) may also, theoretically,
• Extent of involvement A, B or C with further lower the risk of osteonecrosis.

characterization by amount of depression (<15%
involvement or <2-mm depression of femoral 6. Treatment
head, 15–30% involvement or 2- to 4-mm de-

Much remains to be learned about the optimalpression of femoral head, >30% involvement or
treatment of non-traumatic osteonecrosis. Early in->4-mm depression of femoral head).
vestigation and involvement of an orthopaedic sur-Stage 4:
geon is imperative. The femoral head is the most• Radiographs show flattened articular surface,
common and important joint affected, and manage-joint space narrowing, acetabular changes, osteo-
ment of osteonecrosis of the femoral head has beenphytosis.
recently reviewed.[51,59,60] A summary of the various
therapeutic approaches can be found in table III. An5. Prevention
extensive review of orthopaedic techniques is be-

Minimization of exposure to known risk factors yond the scope of this article.
for osteonecrosis in patients at risk should reduce
incidence. It is not clear whether specific chemo- 6.1 Non-Operative Approaches
therapy agents may increase risk. Within the realm
of solid tumours, osteonecrosis has been most com- A non-operative approach may be justified in
monly reported in testicular cancer patients receiv- patients with other serious co-morbidities that are
ing combination chemotherapy containing cisplatin, likely to limit their medical operability and lifespan
bleomycin and etoposide.[1] Attribution of risk to (e.g. metastatic malignancy). Small pre-collapse le-
these drugs is confounded by concomitant exposure sions seen on MRI that are asymptomatic (e.g. on
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For patients with a collapse of the femoral head,
total hip arthroplasty is the treatment of choice.
However, there are concerns about the long-term
results of total hip arthroplasty, and as most patients
with osteonecrosis are young, approaches intending
to preserve the joint by supporting the subchondral
bone have been explored. These include nonvascu-
lar and vascular bone grafting procedures, cementa-
tion and the implantation of porous metal rods.[51,60]

7. Conclusions

Table III. Treatment for osteonecrosis of the femoral head (repro-
duced from Mont et al.,[51] with permission from The Journal of
Bone and Joint Surgery, Inc.)

Stage Treatment

I (no radiographic Core decompression, percutaneous drilling
changes)

II (pre-collapse) Core decompression, percutaneous drilling,
bone-grafting, osteotomies

III (subchondral Bone-grafting, hemi-resurfacing, total hip
fracture, collapse) arthroplasty

IV (joint deformity, Total hip arthroplasty, metal-on-metal total
acetabular hip resurfacing arthroplasty
involvement)

We have reported on 54 patients who received
cancer chemotherapy, and in whom non-traumaticthe contra-lateral hip of an affected patient) have a
osteonecrosis of the bone has been diagnosed. Al-better prognosis. However, many patients with
though most of the patients described received con-asymptomatic osteonecrosis will become sympto-
comitant corticosteroids (a known risk factor formatic with pain. A further 73% may have femoral
osteonecrosis), the mean cumulative corticosteroidhead collapse at a mean of 11 years after diag-
dose was similar to the dose associated with oste-nosis.[61]

onecrosis in non-cancer patients.[48,49] As men withOther than appropriate analgesia and the avoid-
testicular cancer were most commonly affected, oneance of weight-bearing activities, there are no
might speculate that the agents commonly used tostandard non-operative therapies. Investigational
treat this cancer might be responsible for an in-treatments include lipid-lowering agents (‘statins’),
creased risk. However, despite use of agents veryanticoagulants, vasodilators, bisphosphonates,
similar to those used in the treatment of testicularshock wave therapy, hyperbaric oxygen and pulsed
cancer, including corticosteroids, the developmentelectromagnetic fields.[51]

of osteonecrosis has only been reported in one pa-
tient with lung cancer. The increased risk observed

6.2 Operative Procedures in patients with testicular cancer could also re-
present an age-vulnerability rather than an effect of

For patients with early stage disease (no radio- specific drugs. Therefore, a reasonable theory is that
graphical changes or pre-collapse lesions), core de- the increased risk of osteonecrosis in these popula-
compression may have successful results, although a tions is due to a combination of the effects of
small, randomized study found no difference in rates chemotherapy treatment, the malignancy itself and
of femoral head collapse following core decompres- patient factors.
sion compared with conservative treatment.[62] The Another theory for the demographics observed
procedure generally involves a single drilling with a would be a ‘survivor phenomenon’, as the diagnosis
large-diameter trephine, although drilling multiple of osteonecrosis is usually delayed and, in the past,
times with a small-diameter trephine has also been chemotherapy has been mainly used in solid-tumour
proposed.[51] In patients without significant collapse, patients with incurable cancer (vs the higher rates of
the results of core decompression may be superior if cure in men treated for testicular cancer and women
combined with vascular bone grafting or autologous treated for adjuvant breast cancer). If true, then the
stem-cell grafting.[63,64] increased treatment of solid tumours with chemo-

Osteotomy moves the segment of necrotic bone therapy will increase the absolute number of patients
away from the weight-bearing regions. This surgery at risk for osteonecrosis. Although only 17% of the
has a high potential for morbidity, including non- patients identified in this review had breast cancer,
union of the bone surfaces. This approach also this diagnosis is far more common in the population
makes subsequent total hip replacements technically than testicular cancer and indications for chemother-
difficult.[51] apy are increasing. The use of chemotherapy con-
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advances 2005: major research advances in cancer treatment, chemotherapie. Orthopade 2005; 34: 938-40
prevention and screening. A report from the American Society 24. Kaila R, Wolman RL. Groin pain in athletes: a consequence ofof Clinical Oncology. J Clin Oncol 2006; 24: 190-205 femoral head avascular necrosis after testicular cancer chemo-

3. Van Poznak D, Estilo C. Osteonecrosis of the jaw in cancer therapy. Clin J Sport Med 2006; 16: 175-6
patients receiving IV bisphosphonates. Oncology (Williston

25. Jones Jr JP. Coagulopathies and osteonecrosis. Acta OrthopPark) 2006; 20: 1053-62
Belg 1999; 65 Suppl. 1: 5-84. Obrist R, Hartmann D, Obrecht JP. Osteonecrosis after chemo-

26. Assouline-Daya Y, Chang C, Greenspan A, et al. Pathogenesistherapy. Lancet 1978; I: 1316
and natural history of osteonecrosis. Semin Arthritis Rheum5. Perloff M, Lesnik GJ. Avascular necrosis of femoral head:
2002; 32: 94-124association with adjuvant chemotherapy for breast carcinoma.

27. Motomura G, Yamamoto T, Miyanishi K, et al. Bone marrowCancer Treat Rep 1980; 64: 361-2
fat-cell enlargement in early steroid-induced osteonecrosis: a6. Harper PG, Trask C, Souhami RL. Avascular necrosis of bone
histomorphometric study of autopsy cases. Pathol Res Practcaused by combination chemotherapy without corticosteroids.
2005; 100: 807-11BMJ 1984; 288: 267-8

28. Wang G, Cui Q, Balian G. The pathogenesis and prevention of7. Marymont JV, Kaufmann EE. Osteonecrosis of bone associated
steroid-induced osteonecrosis. Clin Orthop Relat Res 2000;with combination chemotherapy without corticosteroids. Clin
370: 295-310Orthop 1986; 204: 150-3

29. Li X, Jin L, Cui Q, et al. Steroid effects on osteogenesis through8. Kolin E, Sherry H. Avascular necrosis of the femoral head in
mesenchymal cell gene expression. Osteoporos Int 2005; 16:patients being treated for malignancy. Mt Sinai J Med 1987;
101-854: 516-21

30. Deitcher SR. Cancer and thrombosis: mechanisms and treat-9. Meneghello A, Presacco D, Di Maggio C. Aseptic necrosis of
ment. J Thromb Thrombolysis 2003; 16: 21-31the femoral head in cancer patients affected with vincristine/

vinblastine-induced neuropathy [in Italian]. Radiol Med (Tori- 31. Zalavras C, Dailian Z, Elisaf M, et al. Potential aetiological
no) 1989; 77: 626-30 factors concerning the development of osteonecrosis of the

femoral head. Eur J Clin Invest 2000; 30: 215-2110. Wuisman R, Erlemann R, Roessner A, et al. Case report 669.
Skeletal Radiol 1991; 20: 294-8 32. Wada M, Kumagai K, Murata M, et al. Warfarin reduces the

11. Forrai G, Baki M, Bodrogi I. Incidence of osteoporosis and incidence of osteonecrosis of the femoral head in spontaneous-
aseptic femur head necrosis following complex therapy of ly hypertensive rats. J Orthop Sci 2004; 9: 585-90

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (5)



Chemotherapy-Associated Osteonecrosis in Cancer Patients with Solid Tumours 371

33. Smith DW. Is avascular necrosis of the femoral head the result 50. Steinberg ME, Mont MA. Osteonecrosis. In: Chapman’s ortho-
of inhibition of angiogenesis? Med Hypotheses 1997; 49: paedic surgery. 3rd ed. Philadelphia (PA): Lippincott Williams
497-500 & Wilkins, 2001: 3263-75

34. Vadasz Z, Misselevich I, Norman D, et al. Localization of 51. Mont MA, Jones LC, Hungerford DS. Nontraumatic oste-
vascular endothelial growth factor during the early reparative onecrosis of the femoral head: ten years later. J Bone Joint
phase of the rats’ vessels deprivation-induced osteonecrosis of Surg Am 2006; 88: 1117-32
the femoral heads. Exp Mol Pathol 2004; 77: 145-8

52. Watson RM, Roach NA, Dalinka MK. Avascular necrosis and
35. Yang C, Yang S, Du J, et al. Vascular endothelial growth factor bone marrow edema syndrome. Radiol Clin N Am 2004; 42:

gene transfection to enhance the repair of avascular necrosis of 207-19
the femoral head of rabbit. Chin Med J 2003; 116: 1544-8

53. Radke S, Kenn W, Eulert J. Transient bone marrow edema
36. Nakame A, Sunagawa T, Ishida O, et al. Acceleration of surgi-

syndrome progressing to avascular necrosis of the hip: a casecal angiogenesis in necrotic bone with a single injection of
report and review of the literature. Clin Rheumatol 2004; 23:fibroblast growth factor-2 (FGF-2). J Orthop Res 2004; 22:
83-8509-13

54. Vande Berg BE, Malghem JJ, Labaisse MA, et al. MR imaging37. Hong JM, Kim TH, Chae Sc, et al. Association study of hypoxia
of avascular necrosis and transient marrow edema of theinducible factor 1 alpha with osteonecrosis of the femoral head
femoral head. Radiographics 1993; 13: 501-20in a Korean population. Osteoarthritis Cartilage 2007; 15 (6):

688-94 55. Janssens AM, Offner FC, Van Hove WZ. Bone marrow necro-
sis. Cancer 2000; 88 (8): 1769-8038. Miller KD, Sweeney CJ, Sledge GW. Redefining the target:

chemotherapeutics as anti-angiogenics. J Clin Oncol 2001; 19:
56. Mont MA, Ragland PS, Khaled Saleh J, et al. Analysis of1195-206

classification systems for avascular necrosis of the femoral
39. Wong SY, Evans RA, Needs C, et al. The pathogenesis of head [abstract]. J Bone Joint Surg Br 2006; 88-B Suppl. II: 308

osteoarthritis of the hip: evidence for primary osteocyte death.
57. Gardeniers JWM. Report of the committee of staging and no-Clin Orthop Rel Relat Res 1987; 214: 305-12

menclature. ARCO News Lett 1993; 5: 79-82
40. Spencer JD, Humphreys S, Tighe JR, et al. Early avascular

58. Pritchett JW. Statin therapy decreases the risk of osteonecrosisnecrosis of the femoral head: report of a case and review of the
in patients receiving steroids. Clin Orthop Relat Res 2001;literature. J Bone Joint Surg Br 1986; 68: 414-7
386: 173-8

41. Calder JDF, Buttery L, Revell PA, et al. Apoptosis: a significant
59. Jones LC, Hungerford DS. Osteonecrosis: etiology, diagnosis,cause of bone cell death in osteonecrosis of the femoral head. J

and treatment. Curr Opin Rheumatol 2004; 16: 443-9Bone Joint Surg Br 2004; 86: 1209-11

60. Hungerford DS, Jones LC. Asymptomatic osteonecrosis. Clin42. Gangji V, Hauzeur J, Schoutens A, et al. Abnormalities in the
replicative capacity of osteoblastic cells in the proximal femur Ortho 2004; 429: 124-30
of patients with osteonecrosis of the femoral head. J Rheum

61. Hernigou P, Habibi A, Bachir D. The natural history of asymp-2003; 30: 348-50
tomatic osteonecrosis of the femoral head in adults with sickle

43. Banfi A, Podest M, Fazzuoli L, et al. High-dose chemotherapy cell disease. J Bone Joint Surg Am 2006; 88: 2565-72
shows a dose-dependent toxicity to bone marrow oste-

62. Koo KH, Kim R, Ko GH, et al. Preventing collapse in earlyoprogenitors. Cancer 2001; 92: 2419-28
osteonecrosis of the femoral head: a randomised clinical trial

44. Davies JH, Evans BA, Jenney MEM, et al. In vitro effects of of core decompression. J Bone Joint Surg Br 1995 Nov; 77 (6):
combination chemotherapy on osteoblasts: implications for 870-4
osteopenia in childhood malignancy. Bone 2002; 31: 319-26

63. Hernigou P, Beaujean F. Treatment of osteonecrosis with autol-
45. Xian CJ, Howarth GS, Cool JC, et al. Effects of 5-fluorouracil ogous bone marrow grafting. Clin Orthop Relat Res 2002 Dec;chemotherapy and insulin-like growth factor-I pretreatment on

(405): 14-23growth plate cartilage and metaphyseal bone in rats. Bone
2004; 35: 739-49 64. Hernigou P, Poignard A, Manicom O, et al. The use of percuta-

neous autologous bone marrow transplantation in nonunion46. Inoue S, Horii M, Asano T, et al. Risk factors for nontraumatic
and avascular necrosis of bone. J Bone Joint Surg Br 2005; 87:osteonecrosis of the femoral head after renal transplantation. J
896-902Orthop Sci 2003; 8: 751-6

65. Dhadda AS, Chan S. Bilateral avascular necrosis of the hips47. Fink B, Degenhardt S, Paselk C, et al. Early detection of
after chemoradiotherapy for cervical cancer. Clin Oncol (Ravascular necrosis of the femoral head following renal trans-
Coll Radiol) 2006 Sep; 18 (7): 576-7plantation. Arch Orthop Trauma Surg 1997; 116: 151-6

48. Koo KH, Kim R, Kim YS, et al. Risk period for developing
osteonecrosis of the femoral head in patients on steroid treat-

Correspondence: Dr Eric Winquist, Division of Medical On-ment. Clin Rheum 2002; 21: 299-303
cology, University of Western Ontario, 790 Commissioners

49. Griffith JF, Antonio GE, Kumta SM, et al. Osteonecrosis of the
Road East, London, ON N6A 4L6, Canada.hip and knee in patients with severe acute respiratory syn-

drome treated with steroids. Radiology 2005; 235: 168-75 E-mail: eric.winquist@lhsc.on.ca

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (5)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


