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Executive summary

The procedure

LeukoScan� is a radiopharmaceutical used in the detection of osteomyelitis. LeukoScan�

consists of a small murine monoclonal antibody fragment, sulesomab, formulated for
labelling with technetium-99m (99mTc). When the patient presents for diagnostic imaging,
LeukoScan� is labelled with technetium-99m by a proprietary method, and injected
intravenously. The radiolabelled antibody fragment (Fab) reacts with the normal cross-
reacting antigen (NCA-90). These antigens are present on the surface of virtually all
neutrophils (a type of white blood cell). Hence, LeukoScan� targets areas where
neutrophils have accumulated and therefore may be useful in determining the location
and extent of infection and inflammation in bone in patients with suspected
osteomyelitis. Since the white blood cells (WBCs) are not removed from the patient,
LeukoScan� can be considered in vivo WBC labelling.

LeukoScan� is presented as a lyophilised powder (0.31 mg per vial) to be reconstituted
with sodium chloride and 1100 MBq of technetium-99m. Once it has been reconstituted,
LeukoScan� should be injected intravenously after five minutes and before four hours.
Imaging should be performed 1–8 hours post-injection.

Medical Services Advisory Committee – role and approach

The Medical Services Advisory Committee (MSAC) is a key element of a measure taken
by the Commonwealth Government to strengthen the role of evidence in health
financing decisions in Australia. MSAC advises the Commonwealth Minister for Health
and Ageing on the evidence relating to the safety, effectiveness and cost-effectiveness of
new and existing medical technologies and procedures, and under what circumstances
public funding should be supported.

A rigorous assessment of the available evidence is thus the basis of decision-making
when funding is sought under Medicare. Medical Technology Assessment Group
(M-TAG) Pty Ltd was contracted to undertake a systematic review and economic
evaluation of LeukoScan�. A supporting committee with appropriate expertise then
evaluated this evidence and provided advice to MSAC.

MSAC’s assessment of LeukoScan

Clinical need

Osteomyelitis is an infection of the bone that is most commonly caused by bacteria.
Micro-organisms can enter the bone via the blood supply, by direct introduction from a
nearby site of infection, or by a penetrating wound. Increased susceptibility to
osteomyelitis may be caused by:
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•  trauma

•  foreign bodies such as implants, which expose sites on the bone to which
bacteria can bind

•  ischaemia, which reduces the effectiveness of the body’s natural defence
mechanisms

•  diabetes.

Incidence

A total of 3723 patients were diagnosed with primary osteomyelitis in 2000–01 (public
hospital: 2927; private hospital: 796) (Australian Institute of Health and Welfare (AIHW):
Hospitals Statistics 2000–2001). These figures were based on the principal diagnosis
codes (from the Australian modified International Classification of Disease and Related
Health Problems, 10th revision [ICD-10-AM] groupings), which are defined as the
diagnosis established after study to be chiefly responsible for occasioning the patient’s
episode of care in hospital. It should be noted that these figures do not include patients
treated in the outpatient setting; therefore, they underestimate the total number of
patients diagnosed with osteomyelitis each year.

Morbidity and mortality

Acute and chronic osteomyelitis is responsible for considerable morbidity (Hass and
McAndrew 1996). It is known that early diagnosis and prompt antibiotic therapy of acute
osteomyelitis, before extensive destruction of the bone and conversion to chronic
disease, produces the best clinical outcomes for patients with osteomyelitis (Carek et al
2001). Furthermore, if acute osteomyelitis is detected early enough, an aetiological
diagnosis made, and antibiotic therapy is successful, surgical debridement of the bone
and surrounding tissue is not always necessary. Generally, the patient will be prescribed
at least six weeks of intravenous antibiotic therapy for acute osteomyelitis. This is often
followed by a period of oral antibiotic treatment. Childhood osteomyelitis often requires
shorter duration of therapy, particularly of the intravenous phase. Debridement is
critically important in management of chronic osteomyelitis and duration of antibiotic
therapy is typically longer (and sometimes indefinite).

Failure to identify osteomyelitis promptly and treat it effectively may result in the need
for surgical removal of infected bone and surrounding tissue. In patients with
osteomyelitis associated with a prosthetic device, it may be necessary to remove the
prosthesis, then to undertake surgical debridement, and packing of the dead space (eg,
with antibiotic-impregnated beads or myoplasty). If infection is cleared, the prosthesis
can be replaced. In some cases, amputation of the infected limb/extremity may be
required.

Data from the National Hospital Morbidity Database were used to assess the morbidity
associated with osteomyelitis in Australia. In 2000–01, a total of 583 patients had
procedures (in public or private hospitals) that included bones relevant to the
LeukoScan� indication (ie, long bones and feet) and in which osteomyelitis was
mentioned in any of the diagnosis codes.
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In general, the mortality due to osteomyelitis is low. However, the rate is elevated in
patients who have osteomyelitis and associated sepsis, or who have an underlying serious
medical condition (eg, immunocompromised patients).

Safety

Preparation and blood handling

There are two main safety issues regarding the preparation and procedure involved in
imaging for osteomyelitis:

•  the potential for needlestick injury, which is primarily a risk for health care
workers; and

•  the potential for transmission of blood-borne pathogens to a patient when the
procedure involves the withdrawal and reinjection of patients’ blood or blood
products.

LeukoScan� and gallium-67 scanning (one of the comparators) both require a single
injection. Neither of these procedures requires blood handling. In contrast, technetium-
99m stannous colloid labelled WBC scanning (the other comparator) requires two
injections and the handling of patients’ blood. Therefore, the technetium-99m stannous
colloid labelled WBC scanning procedure is associated with a greater risk of needlestick
injury for health care workers, and misadministration errors for patients. It should be
noted that, given the extremely low rates of these events, this safety advantage appears to
be marginal.

Exposure to radiation

Exposure to high levels of ionising radiation has been linked with the theoretical
possibility of cancer induction and the development of hereditary defects. However
diagnostic imaging agents only emit low dose ionising radiation, and to date, have not
been linked to any long-term complications when used in the imaging of infection.
Nevertheless, it is recognised that ionising radiation doses should be kept as low as
possible. As the radiopharmaceuticals labelled with technetium are associated with a
lower radiation dose per patient than those labelled with gallium, LeukoScan� and
technetium-99m stannous colloid labelled WBC scanning both have a theoretical (albeit
marginal) safety advantage over gallium-67 scanning.

LeukoScan®

Theoretical safety issues
As LeukoScan� uses a murine monoclonal Fab there is a possibility that the human
immune system might perceive LeukoScan� as foreign and mount an immune response
against it. This would produce human anti-mouse antibodies (HAMA) in patients, which
might increase the chance of anaphylactic and other hypersensitivity reactions whenever
further mouse protein materials were administered. LeukoScan� should therefore be
administered in a setting where appropriate cardiopulmonary resuscitation facilities and
trained personnel are immediately available in the event of any adverse reaction. In
addition, under the Therapeutic Goods Administration (TGA) listed indication for
LeukoScan� it is likely that a proportion of patients would require repeat scans.
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However, limited data are available regarding the safety and efficacy of re-administration
of LeukoScan�. Patients who have previously received murine monoclonal antibodies,
from either LeukoScan� or from another product, are more likely to have HAMA.
Therefore, administration of LeukoScan� in these patients should be considered only
when it has been established that the patient does not have elevated HAMA levels.

Safety data reported in the unpublished study reports
Adverse events occurred at a relatively low frequency in the two unpublished
LeukoScan� trial reports (Study 07 and Study 08), and given the patients’ clinical course
of underlying disease, were considered unrelated to LeukoScan� administration.
Furthermore, no induction of HAMA was observed in any patient and the clinical
laboratory data revealed no clinically significant changes in haematological parameters
following LeukoScan� administration.

Safety data reported in the peer-reviewed publications
In general, safety data were poorly reported in the peer-reviewed publications. However,
the available published data suggest that the level of adverse events and the probability of
inducing a HAMA response following LeukoScan� administration are both low.

Technetium-99m stannous colloid labelled WBC scanning

No adverse event data were reported in any of the studies of technetium-99m stannous
colloid labelled WBC scanning included in the safety evaluation.

Gallium-67 scanning

No adverse event data were reported in any of the studies of gallium-67 scanning
included in the safety evaluation.

Effectiveness

Diagnostic accuracy

There are no head-to-head studies of LeukoScan� and the main technologies that it
might replace in Australia (ie, technetium-99m stannous colloid labelled WBC scanning
or gallium-67 scanning). Furthermore, data were not available to perform an indirect
comparison of LeukoScan� with technetium-99m stannous colloid labelled WBC
scanning or LeukoScan� with gallium-67 scanning in patients with suspected
osteomyelitis of the long bones and feet, including those with diabetic foot ulcers.
Consequently, a comparison of the diagnostic accuracy of these testing modalities could
not be made. In other words, the comparative diagnostic accuracy of these diagnostic
tests remains uncertain.

To aid in the decision-making process, an analysis was undertaken of trials reporting a
direct comparison of the diagnostic accuracy of LeukoScan� with indium-111 and
technetium-99m labelled hexamethylpropyleneamine oxime (HMPAO) WBC scanning
(diagnostic modalities in common usage internationally) in the patient population defined
by the TGA approved indication.
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In patients with diabetic foot ulcers, the diagnostic accuracy of LeukoScan� compared
with indium-111 and technetium-99m labelled HMPAO WBC scanning was not
significantly different (81 and 75 per cent, respectively). However, in this patient
population, LeukoScan� has a significantly higher sensitivity (92 per cent) than
indium-111 or technetium-99m labelled HMPAO WBC scanning (79 per cent; p < 0.05),
but the specificity of the LeukoScan� test was lower than indium-111 or technetium-99m
labelled HMPAO WBC scanning (58 and 67 per cent, respectively). It should be noted
that these differences might simply be a function of the threshold at which a positive
diagnosis is made.

In patients with suspected osteomyelitis of the long bones, the diagnostic accuracy of
LeukoScan� compared with indium-111 or technetium-99m labelled HMPAO WBC
scanning was not significantly different (73.9 and 67.0 per cent, respectively). Similarly,
the sensitivity for disease detection of LeukoScan� compared with indium-111 or
technetium-99m labelled HMPAO WBC scanning was not significantly different in these
patients (76.7 and 56.7 per cent, respectively; p = 0.07). In this patient group, the
specificities of the diagnostic modalities were equal (72.4 per cent).

It is important to note that the data reported in the trials comparing the diagnostic
accuracy of LeukoScan� with indium-111 or technetium-99m labelled HMPAO WBC
scanning were based on a non-independent, on-site assessment (Harwood et al 1999;
Study 08). In this setting, the authors note that the on-site clinician “may have had access
to the results of the WBC scans for some patients” when interpreting the LeukoScan�

results. This is likely to undermine the comparative analysis of LeukoScan� versus
indium-111 or technetium-99m labelled HMPAO WBC scanning.

Change in clinical management and clinical outcomes

There are no head-to-head studies that report either the change in clinical management
or the change in clinical outcomes associated with LeukoScan� and technetium-99m
stannous colloid labelled WBC scanning or gallium-67 scanning. Furthermore, data were
not available to perform an indirect comparison of LeukoScan� with technetium-99m
stannous colloid labelled WBC scanning or LeukoScan� with gallium-67 scanning in
patients with suspected osteomyelitis of the long bones and feet, including those with
diabetic foot ulcers. Consequently, a comparison of the effect of these testing modalities
on both the clinical management and clinical outcomes could not be performed and the
comparative effect of these diagnostic tests remains uncertain.

Due to lack of available data, it was also not possible to perform a direct comparison of
the effect on clinical management or clinical outcomes between LeukoScan� and indium-
111 or technetium-99m labelled HMPAO WBC scanning in the appropriate patient
groups.

It is clear, however, that a false-negative diagnosis could lead to a delay in the appropriate
clinical management of the patient. Based on expert opinion, the possible implications of
a false-negative diagnosis for the clinical management and clinical outcomes of patients
with osteomyelitis are as follows.
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•  No change in management or clinical outcomes.

•  Surgical debridement and removal of the surrounding infected tissue where none
would be required if the infection had been promptly detected and successfully
treated, or more extensive surgical debridement than otherwise required. The
resultant ‘dead space’ must then be managed and, if necessary, the bone must be
stabilised. Dead space management may involve local myoplasty, free-tissue
transfers and the use of antibiotic-impregnated beads or cement. In patients with
osteomyelitis associated with a prosthetic device, the prosthesis may have to be
removed, followed by surgical debridement, packing of the dead space (eg, with
antibiotic-impregnated beads or myoplasty) and, if infection is cleared, prosthetic
replacement. This process would be associated with a marked increase in
morbidity and temporary or possible permanent disability.

•  In more severe cases, a delay in the clinical management of a patient may require
amputation of the affected limb or extremity (eg, the diabetic foot).

•  In rare cases, a delay in the detection of osteomyelitis may have the potential to
cause death (eg, due to septicaemia, especially in immunocompromised patients).

In the case of a false-positive diagnosis, expert opinion suggests that the patient is likely
to receive unnecessary and intensive antimicrobial treatment. The antimicrobial therapy
chosen for treatment of osteomyelitis is dependent on the microbial aetiology of the
infection and the in vitro antibiotic susceptibility profile of the pathogen detected. In
general, patients in Australia are treated with a course of parenteral antibiotics while in
hospital, followed by a period of ‘hospital in the home’ care, where parenteral antibiotic
therapy is completed. If necessary, the patient may then be treated with a course of oral
antibiotics. However, in the case of a false-positive diagnosis (eg, a patient with a soft-
tissue infection but no underlying osteomyelitis), it is likely that a ‘cure’ will be achieved
earlier in this intensive treatment programme than if the patient had true osteomyelitic
disease. Some patients may have limited removal of healthy bone to attempt to confirm
the diagnosis.

With regard to patient relevant clinical outcomes the implications of a false positive
diagnosis may include the following.

•  Limited removal of healthy bone to attempt to confirm the diagnosis, which may
be accompanied by an increase in morbidity and disability.

•  Increased time in hospital and in ‘hospital in the home’ care for the
administration of parenteral antibiotics.

A false-positive diagnosis also has implications with regard to resource use. These are
discussed in the following economic sections.
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Cost-effectiveness

The review of effectiveness presented in this assessment found that there was no
evidence of superiority of LeukoScan� relative to the main comparator, gallium-67
scanning. Therefore a formal cost-effectiveness analysis on the basis of this conclusion
would show that LeukoScan� is a dominated intervention, because it has greater costs
without providing additional benefits.

Therefore, an economic analysis was conducted to explore the cost-effectiveness of
LeukoScan� based on the nominally better accuracy of LeukoScan� when compared with
indium-111 and technetium-99m labelled HMPAO WBC scanning. In patients with
suspected osteomyelitis of the long bones or feet, LeukoScan� more accurately identified
disease-positive patients than technetium-99m labelled HMPAO WBC scanning, at an
incremental cost of $24,056 per additional patient free of osteomyelitis. In patients with
diabetic foot ulcers and suspected osteomyelitis, the incremental cost of LeukoScan� per
additional patient free of osteomyelitis was $26,348. These analyses indicate that the
incremental cost of LeukoScan� per additional patient free of osteomyelitis is greater
than the cost of treating a patient with osteomyelitis.

Recommendation

LeukoScan� is safe and as effective as current methods of WBC scanning, but is more
costly. MSAC recommends that additional funding is justified for patients who do not
have access to ex-vivo WBC scanning.

- The Minister for Health and Ageing accepted this recommendation on 8 August 2003 -
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Introduction

The Medical Services Advisory Committee (MSAC) has reviewed the use of LeukoScan�,
which is a diagnostic test for suspected osteomyelitis. MSAC evaluates new and existing
health technologies and procedures for which funding is sought under the Medicare
Benefits Scheme in terms of their safety, effectiveness and cost-effectiveness, while taking
into account other issues such as access and equity. MSAC adopts an evidence-based
approach to its assessments, based on reviews of the scientific literature and other
information sources, including clinical expertise.

MSAC’s terms of reference and membership are at Appendix A. MSAC is a
multidisciplinary expert body, comprising members drawn from such disciplines as
diagnostic imaging, pathology, surgery, internal medicine and general practice, clinical
epidemiology, health economics, consumer health and health administration.

This report summarises the assessment of current evidence for LeukoScan� for use in
diagnostic imaging when investigating patients with suspected osteomyelitis in long
bones and in feet, including those with diabetic foot ulcers.
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Background

LeukoScan®

The procedure

LeukoScan� is a radiopharmaceutical used in the detection of osteomyelitis. LeukoScan�

consists of a small murine monoclonal antibody fragment (Fab), sulesomab, formulated
for labelling with technetium-99m (99mTc). When the patient presents for examination,
LeukoScan� is labelled with technetium-99m by a proprietary method, and is
administered via an intravenous injection.

Following injection, the radiolabelled Fab reacts with the normal cross-reacting antigen
(NCA-90). These antigens are present on the surface of virtually all neutrophils (a type of
white blood cell). Hence, LeukoScan� targets areas where neutrophils have accumulated
and therefore may be useful in determining the location and extent of infection and
inflammation in bone in patients with suspected osteomyelitis. Since the white blood
cells (WBCs) are not removed from the patient, LeukoScan� can be considered in vivo
WBC labelling.

LeukoScan� is presented as a lyophilised powder (0.31 mg per vial) to be reconstituted
with sodium chloride and 1100 MBq of technetium-99m. Once it has been reconstituted,
LeukoScan� should be injected intravenously after five minutes and before four hours.
Imaging should be performed 1–8 hours post-injection.

Intended purpose

LeukoScan� is currently approved by the Therapeutic Goods Administration (TGA) in
Australia for:

“use in diagnostic imaging for the investigation of suspected osteomyelitis in long
bones and in feet in patients, including those with diabetic foot ulcers”.

In line with the indication, this assessment will consider the case for public
reimbursement of LeukoScan� in:

•  adult patients with suspected osteomyelitis in the long bones or feet

•  adult patients with suspected osteomyelitis and diabetic foot ulcers.

The safety and effectiveness of LeukoScan� in children below the age of 18 have not
been established. Therefore, at this stage, the use of LeukoScan� is contraindicated in
children.

This evaluation will consider the role of LeukoScan� in adult patients in whom there is a
high clinical index of suspicion of osteomyelitis based on a positive bone scan.
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Early diagnosis of osteomyelitis is essential because prompt intravenous antibiotic
therapy may prevent necrosis of the bone and further morbidity. In some more advanced
cases, surgical intervention may be needed.

Diagnosis is, however, a resource-intensive task, generally requiring a blood test for a
WBC count, a plain radiograph, a three-phase bone scan with technetium-99m and, at
present, gallium-67 citrate scanning and/or ex vivo, autologous radiolabelled WBC
scintigraphy.

For autologous radiolabelled WBC scintigraphy, a sample of the patient’s blood is
collected and the WBCs are labelled with a radioisotope. In Australia, the most common
method of ex vivo WBC labelling involves combining the patient’s blood with a
technetium-99m stannous colloid. Labelling of the WBC occurs by phagocytic
engulfment of the radiocolloid.

Two other ex vivo WBC labelling methods used commonly elsewhere involve
hexamethylpropyleneamine oxime (HMPAO) that has been labelled with technetium-
99m, or oxine that has been labelled with indium-111. After re-injection into the patient,
the radiolabelled white cells accumulate at the sites of inflammation, which can then be
seen on the ensuing scan. The ex vivo radiolabelling of the WBCs with the technetium-
99m labelled HMPAO or indium-111 labelled oxine techniques is technical, labour-
intensive, and requires blood handling that poses potential infection risks to patients,
clinicians and technicians. In contrast, although the technetium-99m stannous colloid
labelling requires handling of patients’ blood, it is far less labour intensive than the two
aforementioned methods.

It is suggested that LeukoScan� is a faster and more convenient way to investigate
patients with suspected osteomyelitis than technetium-99m HMPAO WBC scanning,
requiring fewer clinical facilities. LeukoScan� is also likely to be faster and more
convenient than technetium-99m stannous colloid labelled WBC scanning. This
potentially allows greater patient access compared with the technetium-99m stannous
colloid labelled WBC scanning. In addition, LeukoScan� avoids the need for blood
handling and therefore offers potential safety advantages to the patient and to the
operator.

Clinical need/burden of disease

Osteomyelitis is an infection of the bone that is most commonly caused by bacteria.
Micro-organisms can enter the bone via the blood supply, by direct introduction from a
nearby site of infection or by a penetrating wound. Increased susceptibility to
osteomyelitis may be caused by:

•  trauma

•  foreign bodies such as implants, which expose sites on the bone to which
bacteria can bind

•  ischaemia, which reduces the effectiveness of the body’s natural defence
mechanisms

•  Diabetes.
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Incidence of osteomyelitis

A total of 3723 patients were diagnosed with primary osteomyelitis in 2000–01 (public
hospital: 2927; private hospital: 796) (Australian Institute of Health and Welfare (AIHW):
Hospitals Statistics 2000–2001). These figures were based on the principal diagnosis
codes (from the Australian modified International Classification of Disease and Related
Health Problems, 10th revision [ICD-10-AM] groupings), which are defined as the
diagnosis established after study to be chiefly responsible for occasioning the patient’s
episode of care in hospital. It should be noted that these figures do not include patients
treated in the outpatient setting and therefore they underestimate the total number of
patients diagnosed with osteomyelitis each year.

Morbidity and mortality associated with osteomyelitis

Acute and chronic osteomyelitis is responsible for considerable morbidity (Hass and
McAndrew 1996). It is known that early diagnosis and prompt antibiotic therapy of acute
osteomyelitis, before extensive destruction of the bone and conversion to chronic
disease, produces the best clinical outcomes for patients with osteomyelitis (Carek et al
2001). Furthermore, if acute osteomyelitis is detected early enough, an aetiological
diagnosis made, and antibiotic therapy is successful, surgical debridement of the bone
and surrounding tissue is not always necessary. Generally, the patient will be prescribed
at least six weeks of intravenous antibiotic therapy for acute osteomyelitis. This is often
followed by a period of oral antibiotic treatment. Childhood osteomyelitis often requires
shorter duration of therapy, particularly of the intravenous phase. Debridement is
critically important in management of chronic osteomyelitis and duration of antibiotic
therapy is typically longer (and sometimes indefinite).

Failure to identify osteomyelitis promptly and treat it effectively may result in the need
for surgical removal of infected bone and surrounding tissue. In patients with
osteomyelitis associated with a prosthetic device, it may be necessary to remove the
prosthesis, then to undertake surgical debridement, and packing of the dead space (eg,
with antibiotic-impregnated beads or myoplasty). If infection is cleared, the prosthesis
can be replaced. In some cases, amputation of the infected limb/extremity may be
required.

Data from the National Hospital Morbidity Database (2000–2001) were used to assess
the morbidity associated with osteomyelitis in Australia. All procedures that included
bones relevant to the LeukoScan� indication (ie, long bones and feet) and in which
osteomyelitis was the principal diagnosis code were included. As principal diagnosis
codes are defined as “the diagnosis established after study to be chiefly responsible for
occasioning the patient’s episode of care in hospital”, it is possible that some patients
with osteomyelitis might be treated under a different principal diagnosis code. For
example, a patient with a diabetic foot ulcer might have had diabetes listed as the
principal diagnosis code. Therefore, data are reported not only on the number of
procedures with osteomyelitis as the principal diagnosis code, but also on the number of
procedures with any mention of osteomyelitis in the diagnosis code (Table 1). The true
number of procedures for patients with osteomyelitis will fall between the values
reported.
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It should also be noted that the numbers of procedures reported in Table 1 are only
included as an indication of the morbidity associated with osteomyelitis. These data are
not representative of the number of nuclear imaging services provided, as the patients
may have been diagnosed through a range of other methods such as clinical examination
or plain radiography.

Table 1 Procedures with osteomyelitis as the principal diagnostic code and procedures with any
mention of osteomyelitis in the ICD-10-AM code, performed in public and private hospitals in
2000–01

Public hospitals Private hospitals Total procedures
(public and private)

ICD-10-AM
code

Bones involved

Principal
diagnosis

Any
diagnosis

Principal
diagnosis

Any
diagnosis

Principal
diagnosis

Any
diagnosis

1420 Humerus 9 11 7 10 16 21
1437 Radius or ulna 22 25 12 12 34 37
1475 Hand 28 35 41 49 69 84
1494 Pelvis or femur 37 52 27 34 64 86
1525 Fibula or tibia 84 98 53 67 137 165
1577 Other

musculoskeletal
sites

23 26 9 11 32 37

1549 Foot 60 85 53 68 113 153
Total 263 332 202 251 465 583

Source: Australian Institute of Health and Welfare (AIHW): National Hospital Morbidity Database 2000–2001.
Abbreviation: ICD-10-AM, International Statistical Classification of Disease and Related Health Problems, 10th revision, Australian Modification.

The morbidity of patients with osteomyelitis secondary to the diabetic foot was
investigated by considering those who had diabetes listed as a concomitant condition and
who had undergone a procedure performed on the foot. In 2000–01 in both public and
private hospitals, between 28 and 53 procedures relating to osteomyelitis were performed
on the foot in patients who had diabetes listed as a concomitant condition (Table 2).
Hence, the number of procedures in this subgroup is relatively small compared with the
number in the long bone subgroup. It should be noted, however, that these data are only
for hospital inpatients and therefore exclude all patients treated as outpatients.

Table 2 Procedures performed on the foot in public and private hospitals for patients with
osteomyelitis as the principal diagnostic code and those with any mention of osteomyelitis
in the ICD-10-AM code, cross referenced with any diagnosis of diabetes

Public hospitals Private hospitals Total procedures
(public and private)

ICD-10-AM code Bones
involved

Principal
diagnosis

Any
diagnosis

Principal
diagnosis

Any
diagnosis

Principal
diagnosis

Any
diagnosis

1549, with diabetes as a
concomitant condition

Foot 17 34 11 19 28 53

Source: Australian Institute of Health and Welfare (AIHW): National Hospital Morbidity Database 2000–2001.
Abbreviation: ICD-10-AM, International Statistical Classification of Disease and Related Health Problems, 10th revision, Australian Modification.

In general, the mortality due to osteomyelitis is low. However, the rate is elevated in
patients who have osteomyelitis and associated sepsis, or who have an underlying serious
medical condition (eg, immunocompromised patients).
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Estimated new patients annually

The number of new patients who present for nuclear imaging with a high index of
suspicion for osteomyelitis, and who have already had a positive bone scan, cannot be
determined from existing data. It is therefore necessary to derive an estimate from the
number of existing nuclear imaging procedures currently used for the detection of
osteomyelitis. Patients who would be eligible for LeukoScan� could currently be imaged
under any of the Medical Benefits Scheme (MBS) item numbers listed in Tables 3 and 4.
However, these imaging services are used not only for patients with suspected
osteomyelitis but also for those with other diseases, such as infection of unknown origin,
lymphoma or inflammatory bowel disease.

Therefore, in order to estimate the number of patients who would fall within the
proposed LeukoScan� indication, expert opinion was required. Two estimates were
sought:

•  the percentage of patients who would undergo the various types of scan for
osteomyelitis (to exclude patients scanned for conditions other than suspicion of
osteomyelitis)

•  the proportion of these who would have osteomyelitis consistent with the
proposed indication (to exclude patients with suspected osteomyelitis outside the
TGA listed indication – ie, other than in long bones and other than secondary to
diabetic foot ulcers).

Table 3 Diagnostic gallium-67 scanning services reimbursed under the MBS that were used between
July 2000 and June 2001 and the proportion and number, based on the combined ranges of
three nuclear medicine specialists, estimated to be relevant to the LeukoScan® indication

ICD-10-AM
code

Item number description Number of
services

(July 2000 –
June 2001)

Proportion of services
estimated to be
relevant to the

LeukoScan® indication

Number of services
estimated to be
relevant to the

LeukoScan® indication

61429 Whole body study using
gallium-67

920 < 5% Up to 46

61430 Whole body study using
gallium-67 with SPECT,
one body region

110 < 5% Up to 5

61450 Localised study using
gallium-67

276 80–90% 221–248

61453 Localised study using
gallium-67 with SPECT

41 < 5% Up to 2

Combined expert opinion estimate of the total number of scans relevant to the
LeukoScan® indication

221–300

Source: HIC Professional Statistics – MBS Item Statistics 2000–2002.
Abbreviations: HIC, Health Insurance Commission; ICD-10-AM, International Statistical Classification of Disease and Related Health Problems,
10th revision, Australian Modification; MBS, Medical Benefits Scheme; SPECT, single photon emission computed tomography.
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Table 4 Diagnostic technetium-99m labelled WBC scanning services used between July 2000 and
June 2001 and the proportion and number, based on the combined ranges of three nuclear
medicine specialists, estimated to be relevant to the LeukoScan® indication

ICD-10-
AM
code

Item number description Number of
services

(July 2000 –
June 2001)

Proportion of services
estimated to be
relevant to the

LeukoScan® indication

Number of services
estimated to be
relevant to the

LeukoScan® indication

61433 Whole body study, planar with
99mTc labelled WBC

262 < 5% Up to 13

61434 Whole body study, SPECT,
with 99mTc labelled WBC

58 < 5% Up to 3

61454 Localised study, planar with
99mTc labelled WBC

256 50–90% 128–230

61457 Localised study, SPECT, with
99mTc labelled WBC

52 < 5% Up to 3

Combined expert opinion estimate of the total number of scans relevant to the
LeukoScan® indication

128–249

Source: HIC Professional Statistics – Medical Benefits Schedule (MBS) Item Statistics 2000–2002.
Abbreviations: HIC, Health Insurance Commission; ICD-10-AM, International Statistical Classification of Disease and Related Health Problems,
10th revision, Australian Modification; MBS, Medical Benefits Scheme; SPECT, single photo emission tomography; 99mTc, technetium-99m;
WBC, white blood cell.

For patients with suspected osteomyelitis of long bones or those with diabetic foot ulcers
who have suspected osteomyelitis, the overwhelming majority of the scans with gallium-
67 citrate and technetium-99m labelled WBCs would be conducted using localised planar
studies (item numbers 61450 and 61454, respectively) (Table 3 and Table 4). Only a
small number of relevant patients would be scanned under any of the other item
numbers.

Hence, based on the opinion of three nuclear imaging specialists, it is estimated that
between 221 and 300 gallium-67 scans and between 128 and 249 technetium-99m
labelled WBC scans are conducted in the relevant patient group each year. However, this
represents only those patients treated outside of the public hospital system. Similarly, it
excludes the smaller number of scans reimbursed by the Department of Veterans Affairs.
If this figure is upscaled by the public:private ratio (based on the principal diagnosis
codes ratio of 2927:796, or 3.68:1), then it is estimated that a total of 813–1104 gallium-
67 scans and 471–916 technetium-99m labelled WBC scans are performed annually in
patients who would fall within the proposed LeukoScan� indication. Since it is possible
for patients to have repeat scans for chronic conditions and/or have both gallium-67 and
technetium-99m labelled WBC scans, these figures should be viewed as number of scans,
rather than number of patients.

In summary, the best estimate of the number of scans performed annually within the
TGA-approved indication for LeukoScan� is 1284–2020.

Existing procedures

In Australia, patients with suspected long bone osteomyelitis within the LeukoScan�

indication undergo a number of diagnostic procedures. These include clinical
examination, plain radiography and a three-phase technetium-99m bone scan.

For patients who would fall within the proposed LeukoScan� indication the nuclear
imaging procedures currently used to detect osteomyelitis are gallium-67 scanning and
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technetium-99m labelled WBC scans, as listed in Table 3 and Table 4, respectively. The
level of reimbursement for these two types of scan is dependent on whether they are:
whole body planar, whole body single photon emission computed tomography (SPECT),
localised planar, or localised SPECT. As stated above, the majority of scans for patients
in the proposed LeukoScan� indication will be localised planar studies.

It is important to note that there is no public reimbursement of indium-111 WBC
labelled scans. In addition, consultation with clinical experts revealed that the
technetium-99m stannous colloid method is currently the most common WBC labelling
method in Australia. The technetium-99m HMPAO WBC labelling method, which is in
common use internationally, is not currently registered by the TGA for this indication.
However, the technetium-99m HMPAO WBC labelling method is used in some
Australian hospitals where it has been evaluated and granted approval by local ethics
committees.

Comparators

The comparators for the evaluation that are currently listed on the MBS are gallium-67
citrate scanning and WBC scanning using technetium-99m stannous colloid. These are
the two diagnostic procedures consistent with the Medical Services Advisory Committee
(MSAC) definition of a comparator – that is, the current diagnostic procedure(s) most
likely to be replaced if the new diagnostic procedure is recommended for listing. Expert
opinion suggests that within the proposed LeukoScan� indication gallium-67 citrate
scanning is used more frequently than technetium-99m stannous colloid.

It should be noted that in the existing literature, indium-111 and technetium-99m
labelled HMPAO WBC scanning are used frequently in international settings. However,
while technetium-99m labelled HMPAO WBC scanning is used in some Australian
hospitals under local ethics committee approval, it, along with indium-111 WBC
scanning, is not listed on the MBS. Therefore, they are not appropriate comparators in
the context of this evaluation.

Reference standard

The recommended methodology for investigating the accuracy of a new diagnostic test is
to compare the diagnosis made with the new test with the true disease status. However, it
is often not feasible to determine the disease status of a patient unequivocally. Therefore,
in many disease states, a proxy measure – such as another diagnostic test or clinical
judgement – must be used. The best available measure of disease is called the reference
standard. Both the LeukoScan� and the comparator results must be independently
compared with the reference standard to assess accuracy. In this way, the difference in
accuracy between LeukoScan� and the comparator can be determined.

Currently, the best way of determining whether osteomyelitis is present in patients with
suspected disease of the long bones and feet, including those with diabetic foot ulcers, is
bone biopsy and histology or culture. For pragmatic reasons, it was decided (on the basis
of expert opinion) that studies reporting long-term clinical follow-up as a reference
standard would also be included in the assessment.
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Marketing status of the technology

LeukoScan� obtained registration as a diagnostic radiopharmaceutical from the TGA
following the Australian Drug Evaluation Committee meeting on 7–8 February 2002.
The Australian Registry of Therapeutic Goods number for the drug is ARTG 82071. The
TGA-listed indication for LeukoScan� is:

“Use in diagnostic imaging for the investigation of suspected osteomyelitis in
long bones and in feet, including those with diabetic foot ulcers”.

The safety and effectiveness of LeukoScan� in children below the age of 18 have not
been established. Therefore, at this stage, the use of LeukoScan� is contraindicated in
children.

In Europe, LeukoScan� was recommended for approval by the Committee for
Proprietary Medicinal Products (CPMP) in their meeting on 15–16 October 1996. This
recommendation was accepted by the European Agency for the Evaluation of Medical
Products (EMEA). Marketing authorisation was granted under the following indication:

“LeukoScan® is indicated for diagnostic imaging for determining the location
and extent of infection/inflammation in bone in patients with suspected
osteomyelitis, including patients with diabetic foot ulcers.

When a bone scan is positive and imaging with LeukoScan® is negative,
infection is unlikely. When a bone scan is negative, imaging with LeukoScan®

may rarely show a positive response and this may indicate early osteomyelitis.”

LeukoScan� is currently under review by the US Food and Drug Administration.

Current reimbursement arrangement

The Medicare Benefits Schedule includes nuclear medicine imaging item numbers for
WBCs labelled with technetium-99m. The current wording of the MBS item number
appears to be ambiguous, as it does not specify whether the WBCs must be labelled ex
vivo or in vivo. Currently, WBC labelling is performed by extracting blood from the
patient, processing and labelling the WBCs ex vivo, and then reinjecting them into the
patient. In contrast, the LeukoScan� agent is labelled with technetium-99m in vitro and
then injected into the patient. After the LeukoScan� agent is injected into the patient it
‘labels’ the patient’s WBCs in vivo by binding to an antigen present on virtually all
neutrophils. Therefore, it is possible that reimbursement for LeukoScan� may be sought
under the current MBS item number.  This assessment report considers the addition of a
separate MBS item number at a price premium specifically for LeukoScan�.
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Approach to assessment

Review of literature

Studies of LeukoScan®

The medical literature was searched to identify relevant studies and reviews for the
period between 1980 and 2002. Searches were conducted via the following primary
databases:

•  Premedline

•  Medline 1966 to current

•  Embase 1980 to current

•  Econlit 1969 to current.

The search terms used included the following:

•  Fractures; bony callus; osteomyelitis; osteitis; diabetic foot; diabetic feet; diabetic
ulcer/s; diabetic foot ulcer/s; diabetic feet ulcer/s; diabetes mellitus; foot disease;
skin ulcer; fracture.

•  LeukoScan; sulesomab; sulesomab Tc 99m; immu-mn3; anti-leukocyte;
antigranulocyte; Fab; fragment antigen binding; granulocyte antibody; antibodies,
monoclonal; hybridomas; monoclonal antibodies; radiopharmaceutical agent.

Complete details of the literature searches performed using the Medline and Embase
databases are presented in Appendix D.

Searches of the following secondary databases/sites were also performed:

•  British Columbia Office of Health Technology Assessment

•  Canadian Coordinating Office for Health Technology Assessment (CCOHTA)

•  Centre for Health Program Evaluation (Monash University, Australia)

•  Centre for Reviews and Dissemination (University of York, UK)

•  Cochrane Library database

•  Health Economics Research Group (Brunel University, UK)

•  Health Information Research Unit (HIRU) internal database (McMaster
University, Canada)
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•  International Network of Agencies for Health Technology Assessment
(INAHTA) (Sweden)

•  International Society of Technology Assessment in Health Care (Canada)

•  National Health and Medical Research Council Australia publication list

•  National Health Service (UK)

•  Health Services Technology Assessment Texts. National Information Center on
Health Services Research and Health Care Technology (HSTAT database) (US)

•  Swedish Council on Technology Assessment in Health Care (SBU)

•  US Office of Technology Assessment 1974–1995 (closed)

•  US Health Care Financing Administration (HCFA).

Inclusion criteria

•  For studies of diagnostic accuracy, the study must compare LeukoScan� with an
appropriate reference standard. (Currently, the best available indicator of the
presence of osteomyelitis is a combination of bone biopsy and histology or
culture. For pragmatic reasons, it was decided that studies reporting long-term
clinical follow-up as a reference standard would also be included in the
assessment.)

•  Initially, all publications that reported the use of LeukoScan� and included
patients that might be relevant to this assessment were included in the review. If,
after review, it was found that the publication did not report the diagnostic
accuracy of LeukoScan� specifically in adult patients with suspected acute or
chronic osteomyelitis in long bones or in feet, including those with diabetic foot
ulcer, the study was excluded from the effectiveness review. For completeness,
the details of these publications are listed in Appendix C.

•  Use of LeukoScan� as currently approved by the Therapeutic Goods
Administration (TGA).

•  Reporting of an appropriate outcome (eg, diagnostic accuracy, effect on clinical
management and/or clinical outcomes).

Exclusion criteria

•  Non-systematic reviews or opinion pieces.

•  Non-human or in vitro studies.

•  A study with 20 or fewer patients receiving the correct intervention as currently
approved by the TGA (those with ≤ 20 patients were assessed for relevant safety
data).
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Publications that duplicated all or some of the patient data in other included trials were
included in the first instance. They were then reviewed, and excluded if necessary.
Similarly, publications that failed to report outcomes adequately were also excluded after
review. Original study reports were sourced from the applicant. The evaluators used
more detailed data from the study reports as an alternative to that reported in
publications, where necessary.

The flow chart in Figure 1 summarises the exclusion of studies from the safety and
effectiveness review of LeukoScan�. A total of 188 references were identified by the
search, of which seven met the criteria to be considered as evidence in the safety review,
and six were initially included in the effectiveness review. A complete list of the excluded
citations identified in the literature search is included in Appendix E, together with
reasons for exclusion from the reviews.

Figure 1 Reasons for exclusion of published reports identified by the literature search

Identified by the search
(n = 188)

Original studies
(n = 134)

Excluded if a non-systematic
review, editorial, letter, news
article, note, survey or
opinion piece
(n = 54)

Original in vivo human studies
(n = 115)

Excluded if non-human or
in vitro study
(n =19)

Original in vivo human studies of
LeukoScan®

(n = 23)

Excluded if the study was
not of LeukoScan®

(n = 92)

Original in vivo human studies of
LeukoScan® in patients with
suspected osteomyelitis
(n = 7)

Excluded if the study was
in the wrong patient group
(n = 16)

Excluded if ≤ 20 patients
received LeukoScan® as
per approved Product
Information
(n = 1)

Original in vivo human studies of
LeukoScan® in > 20 patients with
suspected osteomyelitis
(n = 6)

Available
evidence for the
safety
assessment of
LeukoScan ®

(n = 7)

Available
evidence initially
included in the
the review of
LeukoScan ®

effectiveness
(n = 6)



LeukoScan® 13

The six studies identified described the diagnostic accuracy of LeukoScan� in various
settings. No studies were identified that adequately described the change in clinical
management or the change in clinical outcomes directly attributable to LeukoScan�.

The evidence presented in the selected studies was assessed and classified using the
dimensions of evidence defined by the National Health and Medical Research Council
(NHMRC 1999). These dimensions consider important aspects of the evidence
supporting a particular intervention and include three main domains: strength of the
evidence, size of the effect and relevance of the evidence (Table 5). The first domain is
derived directly from the literature identified as informing a particular intervention. The
last two require expert clinical input as part of their determination.

Table 5 Evidence dimensions

Type of evidence Definition
Strength of the evidence

Level

Quality
Statistical precision

The study design used, as an indicator of the degree to which bias has been eliminated by
designa

The methods used by investigators to minimise bias within a study design
The p value or, alternatively, the precision of the estimate of the effect. It reflects the degree
of certainty about the existence of a true effect

Size of effect The distance of the study estimate from the “null” value and the inclusion of only clinically
important effects in the confidence interval

Relevance of evidence The usefulness of the evidence in clinical practice, particularly the appropriateness of the
outcome measures used

aSee Table 6.

The three sub-domains (level, quality and statistical precision) are collectively a measure
of the strength of the evidence. The designations of the levels of evidence are shown in
Table 6.

Table 6 Designations of levels of evidence

Level of evidencea Study design
I
II
III-1

III-2

III-3

IV

Evidence obtained from a systematic review of all relevant randomised controlled trials
Evidence obtained from at least one properly designed randomised controlled trial
Evidence obtained from well-designed pseudo-randomised controlled trials (alternate
allocation or some other method)
Evidence obtained from comparative studies (including systematic reviews of such studies)
with concurrent controls and allocation not randomised, cohort studies, case-control studies,
or interrupted time series with a control group
Evidence obtained from comparative studies with historical control, two or more single-arm
studies, or interrupted time series without a parallel control group
Evidence obtained from case series, either post-test or pre-test/post-test

aModified from NHMRC (1999).

As NHMRC levels of evidence are designed for studies of therapeutic interventions, they
are not always appropriate for assessing the quality of studies of diagnostic test accuracy.
Therefore, levels of evidence specifically designed for the systematic review of studies
that aim to determine the accuracy of diagnostic tests were also used to classify the
available evidence (Table 7).
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Table 7 Levels of evidence specific to studies of the accuracy of diagnostic tests

Level of evidencea Study design
1

2

3

4

5

An independent, masked comparison with reference standard among an appropriate
population of consecutive patients

An independent, masked comparison with reference standard among non-consecutive
patients or confined to a narrow population of study patients

An independent, masked comparison with an appropriate population of patients, but
reference standard not applied to all study patients

Reference standard not applied independently or masked

Expert opinion with no explicit critical appraisal, based on physiology, bench research, or first
principles

aFrom Bandolier (2002).

A diagnostic-accuracy-specific checklist (based on guidelines issued by the Cochrane
Screening and Diagnostic Tests Methods group) was also applied to assess the quality of
the evidence available for the technology in question (Appendix G). Health care
intervention evidence was considered using the NHMRC levels of evidence.

The Cochrane Screening and Diagnostic Tests Methods group checklist comprises the
following:

•  patient selection bias

•  blinding (test conduct and/or assessment of result)

•  diagnosis made independent of other clinical information

•  order effect (avoid verification bias)

•  accuracy of gold standard

•  any treatment between diagnostic tests (avoid treatment bias)

•  inclusion of all patients, including those with grey-zone results

•  quality of reporting.

Review of literature on comparator therapies

At the time of assessment there were no head-to-head studies identified that directly
compared LeukoScan� with WBC scanning using technetium-99m stannous colloid or
gallium-67 scanning. For this reason, it was necessary to conduct an additional systematic
review of the comparator diagnostic modalities, WBC scanning using technetium-99m
stannous colloid and gallium-67 scanning, and then to consider the feasibility of
undertaking an indirect comparison.
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No studies were identified that adequately described the change in clinical management
or the change in clinical outcomes directly attributable to LeukoScan�. Therefore, the
comparator searches were limited to studies describing the diagnostic accuracy of
technetium-99m stannous colloid labelled WBC scanning and gallium-67 scanning. The
comparator search was also restricted to the Medline and Embase databases. Separate
searches were conducted for the two comparators (details of the search strategies are
included in Appendix D). After the removal of duplicate citations, 82 unique citations
were obtained in the technetium-99m stannous colloid labelled WBC search, and 145 in
the gallium-67 search. The following inclusion/exclusion criteria were then applied to
determine whether these citations should be included in this assessment.

Inclusion criteria

•  The study must compare technetium-99m stannous colloid labelled WBC
scanning or gallium-67 scanning with an appropriate reference standard.
(Currently, the best available indicator of the presence of osteomyelitis is a
combination of bone biopsy and histology or culture. For pragmatic reasons, it
was decided that studies reporting long-term clinical follow-up as a reference
standard would also be included in the assessment.)

•  Initially, all publications that reported the use of technetium-99m stannous
colloid labelled WBC scanning or gallium-67 scanning and included patients that
may be relevant to this assessment were included in the review. If, after review, it
was found that the publication did not report the diagnostic accuracy of
technetium-99m stannous colloid labelled WBC scanning or gallium-67 scanning
specifically in adult patients with suspected acute or chronic osteomyelitis in long
bones or in feet, including those with diabetic foot ulcer, the study was excluded
from the effectiveness review. For completeness, the details of these publications
are listed in Appendix C.

•  Reporting of an appropriate outcome (ie, diagnostic accuracy).

Exclusion criteria

•  Non-systematic reviews or opinion pieces.

•  Non-human or in vitro studies.

•  A study with 20 or fewer patients receiving the correct diagnostic test (those with
≤ 20 patients were assessed for relevant safety data).

After application of the above criteria to the abstracts of the retrieved citations, three
publications reporting the results of technetium-99m stannous colloid labelled WBC
scanning, and 11 reporting the results of gallium-67 scanning were identified for the
initial effectiveness review (and five or 19 for the safety review, respectively).

The flow chart in Figure 2 summarises the exclusion of studies from the safety and
effectiveness review of technetium-99m stannous colloid labelled WBC scanning. A
complete list of the excluded citations identified in the literature search is shown in
Appendix E, together with reasons for exclusion from the review.
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Figure 2 Reasons for exclusion of published reports of technetium-99m stannous colloid labelled
WBC scanning identified by the literature search

The flow chart in Figure 3 summarises the exclusion of studies from the safety and
effectiveness review of gallium-67 scanning. A complete list of the excluded citations
identified in the literature search is included in Appendix E, together with reasons for
exclusion from the review.

Identified by the search
(n = 82)

Original studies
(n = 74)

Excluded if a non-systematic
review, editorial, letter, news
article, note, non-English,
survey or opinion piece
(n = 8)

Original in vivo human studies
(n = 59)

Excluded if non-human, in
vitro study
(n = 15)

Original in vivo human studies of
technetium-99m stannous colloid
scanning
(n = 10)

Excluded if the study was
not of technetium-99m
stannous colloid scanning
(n = 49)

Original in vivo human studies of
technetium-99m stannous colloid
scanning in patients with suspected
osteomyelitis
(n = 5)

Excluded if the study was
in the wrong patient group
(n = 5)

Excluded if ≤ 20 patients
received technetium-99m
stannous colloid scanning
(n = 2)

Available
evidence for the
safety
assessment of
technetium-99m
stannous colloid
scanning
(n = 5)

Original in vivo human studies of
technetium-99m stannous colloid
scanning in > 20 patients with
suspected osteomyelitis
(n = 3)

Available evidence
initially included in
the review of
technetium-99m
stannous colloid
scanning
diagnostic
accuracy
(n = 3)
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Figure 3 Reasons for exclusion of published reports of gallium-67 scanning identified by the literature
search

Additional searches

Additional searches were conducted to examine the following:

•  clinical need associated with osteomyelitis

•  economic evaluations of LeukoScan�.

Original studies
(n = 104)

Excluded if a non-
systematic review, editorial,
letter, news article, note,
survey, abstract, non-
English or opinion piece
(n = 41)

Original in vivo human studies
(n = 101)

Excluded if non-human or
in vitro study
(n = 3)

Original in vivo human studies of
gallium-67 scanning
(n = 96)

Excluded if the study was
not of gallium-67 scanning
(n = 5)

Original in vivo human studies of
gallium-67 scanning in patients with
suspected osteomyelitis
(n = 19)

Excluded if the study was
in the wrong patient group
(n = 74)

Excluded if ≤ 20 patients
received gallium-67
scanning
(n = 8)

Original in vivo human studies of
gallium-67 scanning in > 20
patients with suspected
osteomyelitis
(n = 11)

Available
evidence initially
included in the
review of gallium-
67 scanning
diagnostic
accuracy
(n = 11)

Identified by the search
(n = 145)

Available
evidence for the
safety
assessment of
gallium-67
scanning
(n = 19)

Original in vivo human studies of
gallium-67 scanning in patients
with suspected osteomyelitis
(n = 22) Excluded if the study

reported the wrong
outcomes
(n = 3)
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Expert advice

A supporting committee with expertise in nuclear medicine, infectious diseases and
orthopaedics was established to evaluate the evidence and provide advice to the Medical
Services Advisory Committee (MSAC) from a clinical perspective. In selecting members
for supporting committees, MSAC’s practice is to approach the appropriate medical
colleges, specialist societies and associations, and consumer bodies for nominees.
Membership of the supporting committee is provided at Appendix B.
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Results of assessment

LeukoScan®

As shown in Table 8, a total of seven relevant publications were identified in the
LeukoScan� literature search. Two relevant unpublished LeukoScan� trial reports
IMDMN3-07 (Study 07) and IMDMN3-08 (Study 08) were sourced directly from the
applicant.

A total of two trials (data reported in five publications: Study 07; Study 08; Harwood et al
1999; Hakki et al 1997; Harwood et al 1994) were included in the effectiveness
assessment of LeukoScan�. One publication described a study with fewer than 20
patients falling within the LeukoScan� indication and, in accordance with the exclusion
criteria, was excluded from the effectiveness assessment (Becker et al 1994). Three other
publications that may have reported pertinent data were included in the first instance.
However, after full review, these publications were excluded from the effectiveness
assessment (Ryan et al 2002; Devillers et al 2000; Becker et al 1996). Detailed
explanations of the reasons for the exclusion of these publications are presented below.
All these publications/reports were included in the safety assessment of LeukoScan�.

Two of the trials identified were multicentre, prospective, single group studies with
sequential measurements performed in the same patients (ie, the patient was acting as
their own control) (Study 07; Study 08; Hakki et al 1997; Harwood et al 1999; Harwood
et al 1994). One study reported a retrospective review of case notes (Ryan 2002).

No studies were identified that adequately described the change in clinical management
or the change in clinical outcomes directly attributable to LeukoScan�.
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Table 8 LeukoScan  studies identified

First author
(year)

Design Included in safety
review

Included in
efficacy review

Unpublished study reports
Study 07 All patients included in Harwood et al (1999) See Harwood et al

(1999)
See Harwood et al

(1999)
Study 08 Prospective, multicentre, single-group, with sequential

diagnostic measurements
✓ ✓

Publications
Ryan (2002) Retrospective review of case notes ✓ x

Devillers
(2000)

Prospective, with sequential diagnostic measurements ✓ x

Harwood
(1999)

Prospective, multicentre, single-group, with sequential
diagnostic measurements.

✓ ✓

Hakki (1997) All patients included in Harwood et al (1999) and
Study 08

See Harwood et al
(1999) and Study 08

See Harwood et al
(1999) and Study 08

Becker (1996) Open-labelled, prospective, multicentre, phase I/II,
single-group, with sequential diagnostic measurements

✓ x

Becker (1994) Prospective, single-group, with sequential diagnostic
measurements

✓ x

Harwood
(1994)

All patients included in Harwood et al (1999) and
Study 08

See Harwood et al
(1999) and Study 08

See Harwood et al
(1999) and Study 08

Ryan et al (2002) performed a retrospective review of case notes in 55 patients. Case
notes were available in 51 patients and a final clinical diagnosis was discernable in 47.
The patient population included those with possible infection of: a total knee
replacement (n = 23); a total hip replacement (n = 3); an internal fixation device (n = 8),
septic arthritis (n = 4); chronic osteomyelitis (n = 2); an infected fracture site (n = 2); and
five others. It was not reported whether the study was performed in consecutive patients.
The study did not include a comparative test. The diagnosis derived from three-phase
bone scintigraphy followed by imaging with LeukoScan� was compared with the eventual
clinical diagnosis determined by patient case notes (ie, the reference standard). This
clinical diagnosis was usually presumptive, based on clinical improvement without
necessarily carrying out any other investigations. Furthermore, the results of culture from
the identified infection sites were not available for many patients. Therefore, the strength
of a positive diagnosis within the study varied from case to case. Consequently, the
results of this study were excluded from the effectiveness analysis of LeukoScan�. For
completeness, the characteristics of this study are reported in Appendix C.

The study by Devillers et al (2000) was prospectively designed, with sequential diagnostic
measurements in a single group of patients. The patient population selected for this study
included hospitalised patients with a low or moderate index of suspicion of bone or joint
infection. This assessment report is focused on the use of LeukoScan� in patients with a
high index of suspicion of osteomyelitis. Therefore, this study was excluded from the
effectiveness analysis. For completeness, the characteristics of this study are reported in
Appendix C.
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The study by Becker et al (1996) was of a prospective, open-labelled, multicentre, phase
I/II, single-group design, with diagnostic tests performed in sequential order. It was not
reported whether the study was performed in consecutive patients. The trial was
designed to evaluate the safety, tolerance and efficacy of LeukoScan� in patients thought
to have acute infection (osteomyelitis, soft-tissue or abdominal infection). To qualify for
the trial, patients had to have a high index of suspicion of having an abscess or an
inflammatory process, and one or more of the following: at least two cultures testing
positive for the same organism and symptoms that could be localised to a particular
anatomical region; focal infection or inflammatory process or both delineated by
computed tomography (CT), ultrasonography, radionuclide bone scan, magnetic
resonance imaging (MRI), or conventional radiotherapy; localised pain lasting more than
three days; or leucocyte counts greater than 10,000/µL.

A total of 53 patients were enrolled in the Becker et al (1996) study. Of these, 21 were
suspected of having osteomyelitic lesions. The trial employed a range of administered
antibody amount (0.1 mg–1.0 mg) to assess the diagnostic potential of the antibody. The
diagnostic accuracy of LeukoScan� was compared with that of indium-111 labelled oxine
and technetium-99m labelled hexamethylpropyleneamine oxime (HMPAO) white blood
cell (WBC) scanning. Patient data and final diagnoses were obtained by biopsy or other
standard diagnostic techniques, such as CT scanning, surgery, MRI or ultrasound. Results
of the study were reported only at the level of suspected osteomyelitic lesion, not at the
patient level. In addition, the trial was performed in patients suspected of having various
acute infections (eg, osteomyelitis, soft-tissue or abdominal infections), not just those
with osteomyelitis. Therefore, the results of this study were excluded from further
consideration in the effectiveness analysis of LeukoScan�. For completeness, the
characteristics of this study are reported in Appendix C.

Review of comparator scans

It should be noted that in standard clinical practice gallium-67 or technetium-99m
stannous colloid labelled WBC scans are often interpreted in conjunction with the
patient’s three phase technetium-99m bone scan. However, given the need to perform an
indirect comparison, studies which only reported diagnostic accuracy based on the joint
reading of these scans were excluded from further indirect assessment.

Technetium-99m stannous colloid labelled WBC scanning

As shown in Table 9, five publications were identified in the literature search for
technetium-99m stannous colloid labelled WBC scanning. Of these, two publications
reported on fewer than 20 appropriate patients and, in accordance with the exclusion
criteria, were excluded from the effectiveness assessment (Boyd et al 1993; Southee et al
1988). The remaining three publications that may have reported pertinent data were
included in the first instance (Chik et al 1996; Gutfilen et al 1994; Schroth et al 1981).
However, after full review, these studies were excluded from the indirect comparative
effectiveness assessment of LeukoScan� and technetium-99m stannous colloid labelled
WBC scanning. Detailed explanations of the reasons for the exclusion of these
publications are presented below.

All studies were reviewed for the safety assessment of technetium-99m stannous colloid
labelled WBC scanning.
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Table 9 Relevant technetium-99m stannous colloid labelled WBC scanning studies identified

First author
(year)

Design Included in safety
review

Included in
efficacy review

Chik (1996) Single-group study, with sequential diagnostic
measurements

✓ x

Gutfilen (1994) Single-group study, with sequential diagnostic
measurements, and case study

✓ x

Boyd (1993) Prospective, simultaneous diagnostic measurements in
consecutive patients

✓ x

Southee (1990) Case study ✓ x
Schroth (1981) Single group, with sequential diagnostic test and

reference standard tests
✓ x

NB: As there were no data available to describe how LeukoScan® per se changed clinical management or changed clinical outcomes, the
review of the comparator trials was limited to studies of diagnostic accuracy only.

The Chik et al (1996) study was of single-group design, with diagnostic tests performed
in sequential order in patients with a painful joint prosthesis. It was not reported whether
this study was performed in consecutive patients. Evaluation of the scintigraphic images
was performed independently and in a masked fashion. Patients were permitted to
receive antibiotic therapy during the study period. The final diagnosis of infection was
based on microbiological culture or long-term (six months) clinical follow-up. The trial
was performed exclusively in patients with prosthetics, and was therefore unsuitable for
comparison with the patient populations presented in Harwood et al (1999) and Study
08. Therefore, this study was excluded from further analysis. For completeness, the
characteristics of this study are reported in Appendix C.

Gutfilen et al (1994) compared the sensitivity and specificity of a novel method, of
labelling WBCs with technetium-99m using stannous chloride in 25 patients with
suspected osteomyelitis. The stannous chloride method of labelling WBCs presented in
this study was distinct from the method most commonly used to label WBCs in
Australia. The effect of the difference in labelling methods on diagnostic accuracy is
unclear. The patients included in the study were described simply as having suspected
osteomyelitis. Histological studies were performed to confirm the diagnosis. The
publication did not report the diagnostic work-up required for patient inclusion in the
study, nor whether the study was performed in consecutive patients. In addition, neither
the bone type (ie, whether it was a long bone) or anatomical position of the suspected
osteomyelitis were reported, and it was not apparent whether patients with prosthetics
were included in the trial. Therefore, this study was excluded from further analysis. For
completeness, the characteristics of this study are reported in Appendix C.

The Schroth et al (1981) study was poorly reported. Forty-two patients with a diagnosis
of a suspected septic loosening of an endoprosthesis were examined using technetium-
99m stannous colloid labelled WBC scanning. The final patient diagnosis was based on
bacteriological and histological examinations. It was not reported whether the study was
retrospective or prospective in design, whether it was performed in consecutive patients,
or whether evaluation of the radiographic images was masked. The anatomical position
of the prosthetics under investigation was not indicated, and there were no details
provided regarding the diagnostic work-up required for inclusion in the study. The trial
was performed exclusively in patients with prosthetics, and was therefore unsuitable for
comparison with the patient populations presented in Harwood et al (1999) and Study
08. Therefore, this study was excluded from further analysis. For completeness, the
characteristics of this study are reported in Appendix C.
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Gallium-67 scanning

Nineteen publications were identified in the gallium-67 literature search (Table 10). Of
these, eight studies had fewer than 20 appropriate patients and, in accordance with the
exclusion criteria, were not included in the effectiveness assessment (Yapar 2000;
Weinstein 1993; Ivancevic 1990; Moreno 1987; Alazraki 1985; Gavin 1984; Firooznia
1983; Sugarman 1983). The remaining 11 publications that may have reported pertinent
data were included in the first instance. After full review, 10 of these studies were
excluded from the indirect comparative effectiveness assessment of LeukoScan� and
gallium-67 scanning. Detailed explanations of the reasons for the exclusion of these
publications are presented below.

Hence, only one trial was included in the effectiveness assessment of gallium-67 scanning
(Johnson et al 1996).

It should be noted that many of the publications identified in the gallium-67 scanning
search are over 10 years old. This reflects the fact that gallium-67 scanning has been
adopted as standard practice, and as such, there has not been the need for more recent
trials of its diagnostic accuracy.

All studies were reviewed for the safety assessment of gallium-67 scanning.
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Table 10 Relevant gallium-67 scanning studies identified

First author (year) Design Included in safety
review

Included in
efficacy review

Yapar (2000) Prospective, single group, with diagnostic tests
performed in sequential order

✓ x

Johnson (1996) Prospective, single group, with diagnostic tests
performed in sequential order

✓ ✓

Sorsdahl (1993) Prospective, single group, with diagnostic tests
performed in sequential order

✓ x

Weinstein (1993) Single group, with sequential diagnostic tests ✓ x

Ivancevic (1990) Single group, with sequential diagnostic tests ✓ x

Seabold (1989) Prospective, single group, with diagnostic tests
performed in sequential order, in consecutive
patients

✓ x

Tumeh (1988) Retrospective review of clinical records ✓ x

Moreno (1987) Case series ✓ x

Sugarman (1987) Case-control ✓ x

Tumeh (1987) All patients included in Tumeh et al (1986) See Tumeh et al
(1986)

See Tumeh et al
(1986)

Tumeh (1986) Retrospective review of clinical records in
consecutive patients

✓ x

Alazraki (1985) Single group, with gallium-67 scans performed
coincidentally

✓ x

Al Sheikh (1985) Prospective, single group, with diagnostic tests
performed in sequential order in consecutive patients

✓ x

Esterhai (1985) Prospective, single group, with diagnostic tests
performed in sequential order

✓ x

Gavin (1984) Retrospective review of clinical records ✓ x

Schauweker (1984) Prospective, single group, with diagnostic tests
performed in sequential order in consecutive patients

✓ x

Firooznia (1983) Single group, with gallium-67 scans performed in a
portion of patients

✓ x

Sugarman (1983) Single group, with diagnostic tests performed in
sequential order

✓ x

Rosenthall (1982) Retrospective review of clinical records in
consecutive cases

✓ x

NB: As there were no data available to describe how use of LeukoScan® per se led to a change in clinical management or a change in clinical
outcomes, the review of the comparator trials were limited to studies of diagnostic accuracy only.

The study by Sorsdahl (1993) was a prospective, single-group study, in which diagnostic
tests were performed in sequential order. It was not reported whether the study was
performed in consecutive patients or whether the scan evaluations were masked. A total
of 110 adult patients with 126 sites of suspected osteomyelitis were included in the study.
No further details were reported about the diagnostic work-up required for entry into the
study.



LeukoScan® 25

The investigators compared images of affected sites with contralateral or adjacent normal
(ie, unaffected) bony background areas. The images of the affected and unaffected areas
were acquired for the same time period. Ratios of the average counts in affected and
unaffected regions were calculated. To minimise dependence on the region size and
shape, average counts per unit area (expressed as counts per pixel) were used. All open
fracture patients received prophylactic antibiotics, which may mean that some infected
fractures were classified as ‘non-infected fractures’ because they had been cured before
the diagnosis of osteomyelitis could be confirmed. The study reported diagnostic
performance only at the level of the suspected osteomyelitic lesion, not at the patient
level. Furthermore, the anatomical regions of suspected osteomyelitis were not reported
(eg, vertebral, diabetic foot, long bone) and it was not reported whether patients with
prosthetics were included in the study. Therefore, the study was excluded from further
analysis. For completeness, the characteristics of this study are reported in Appendix C.

The Seabold et al (1989) study was a prospective study in which diagnostic tests were
performed in sequential order in consecutive patients. The study was conducted to
compare three-phase bone scanning, combined technetium-99m methylene
diphosphonate (MDP)/indium-111 WBC scanning, and combined gallium-
67/technetium-99m MDP scanning. The study included 54 consecutive patients with 55
delayed union or non-union fracture sites. Five patients received antibiotics for
concurrent infections and were omitted from the analyses in an effort to exclude false-
negative culture results. The remaining 49 patients were analysed using three-phase bone
scanning and combined technetium-99m MDP/indium-111 WBC scanning. Forty-five
patients were also assessed with gallium-67 scintigraphy. The combined technetium-99m
MDP/indium-111 WBC scanning results and the combined gallium-67/technetium-99m
MDP scanning results were interpreted in a masked fashion (ie, without knowledge of
the patients’ histories or clinical findings). The study only reported the diagnostic
accuracy of gallium-67 and technetium-99m MDP scanning together and was therefore
inappropriate for this assessment. Hence, the results of this study were excluded from
further consideration in the effectiveness analysis of gallium-67 scanning. For
completeness, the characteristics of this study are reported in Appendix C.

The retrospective review of clinical records in consecutive patients reported by Tumeh et
al (1988) compared the roles of scintigrams (ie, three-phase bone scans and gallium-67
scans), plain radiographs and CT scans. The clinical records of 27 patients were reviewed,
all of whom had prior bone infection, had undergone three-phase technetium-99m MDP
scans, gallium-67 scans, plain radiographs and CT scans, and had surgical proof of active
or inactive disease. Patients with surgical devices or prostheses were excluded from the
analysis. The results of the three-phase bone scans and gallium-67 scans were assessed
together, while different observers read the plain radiographs and CT scans without
knowledge of each other’s data. All scans were assessed without knowledge of the final
results.

This study did not distinguish between the anatomical positions of the suspected
osteomyelitis (eg, vertebral, diabetic foot, long bone) and was therefore not suitable for
use in an indirect comparison with LeukoScan�. It should also be noted that it is likely
that the patients included in this study are a subset of those reported in Tumeh (1986,
1987). However, this could not be confirmed from the data presented in the publication.
For completeness, the characteristics of this study are reported in Appendix C.
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The Sugarman et al (1987) study was of a case-control design. The primary objective of
the trial was to determine the optimal way to decide whether bone infection was present
beneath a pressure sore. The study was conducted in 385 patients with spinal cord
injuries and 17 other debilitated individuals, all of whom had pressure sores. The results
of the gallium-67 scans performed in this study were poorly reported: they were reported
only at the level of the pressure sore, and for a small proportion of the included patients.
Therefore, this study was excluded from further analysis. For completeness, the
characteristics of this study are reported in Appendix C.

The retrospective review of clinical records in consecutive patients published by Tumeh
(1986, 1987) investigated the three-phase bone scanning and gallium-67 scanning
patterns associated with active osteomyelitis. Initially, clinical records were analysed in
149 patients, all of whom had previous bone infections or old fractures (with or without
infection) and who had undergone both three-phase bone scanning and gallium-67
scanning. Patients with normal bone scans and joint prostheses were then excluded,
leaving 136 patients. Those with other orthopaedic devices, such as pins and plates, were
not excluded from the analysis. Both scintigraphic studies were read by the same
radiologist, who did not know the final diagnosis. The study did not distinguish between
the anatomical positions of the suspected osteomyelitis (eg, vertebral, diabetic foot, long
bone) and was therefore not suitable for use in an indirect comparison with LeukoScan�

in the identified patient groups of interest. For completeness, the characteristics of this
study are reported in Appendix C.

The publication by Al-Sheik et al (1985) described a prospective, single-group study, with
diagnostic tests performed in sequential order. The study included 21 consecutive
orthopaedic patients with suspected subacute or chronic osteomyelitis and abnormal
findings at radiological examination. Because this study included only those with
subacute or chronic osteomyelitis, the study population is unlikely to be representative of
all patients presenting with long-bone osteomyelitis (ie, it excludes those with acute long-
bone osteomyelitis). It was therefore excluded from further analysis. For completeness,
the characteristics of this study are reported in Appendix C.

The Esterhai et al (1985) study was prospectively designed with diagnostic tests
performed in sequential order. The trial investigated the diagnostic effectiveness of
technetium-99m MDP scanning and gallium-67 scanning when used to evaluate patients
with possible subclinical osteomyelitis complicating fractures that have failed to heal.
Unfortunately, the study did not report the diagnostic accuracy of gallium-67 scanning
alone. Therefore, the results of this study were excluded from further consideration in
the effectiveness analysis of gallium-67 scanning. For completeness, the characteristics of
this study are reported in Appendix C.

The Schauweker et al (1984) study was prospectively designed with diagnostic tests
performed in sequential order in 57 consecutive patients. All patients underwent three-
phase bone scanning and indium-111 WBC scanning. A total of 29 patients also received
gallium-67 scans. Three nuclear medicine physicians assessed the scan results without
knowledge of the clinical or pathological status of the patients. Where readings differed,
the final result was determined by consensus. The study did not report the anatomical
position of the suspected osteomyelitis (eg, vertebral, diabetic foot, long bone) and was
therefore deemed unsuitable for further analysis. For completeness, the characteristics of
this study are reported in Appendix C.
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Rosenthall et al (1982) reviewed the case notes of 500 consecutive patients suspected of
having septic disease of bone, joint or adjacent soft tissue. Only 223 case notes contained
documentation reliable enough to determine the disease state of the patient. Of these,
only 159 patients (32 per cent of all cases reviewed) were referred with an initial clinical
suspicion of osteomyelitis. Thirty-one patients were considered to have a final positive
disease status on the basis of one or more of the following criteria: local fluid or tissue
culture positive for bacteria, blood culture positive for bacteria plus localised signs of
bone pain and tenderness, biopsy histologically consistent with osteomyelitis, and
progressive radiographic bone changes. Another 34 patients were considered to have
very high probability of the disease based on clinical evaluation only, the accepted clinical
criteria being localised bone tenderness, warmth, swelling, fever and a favourable
response to antibiotic treatment. However, this method of assessment does not appear to
exclude the possibility of the patient having a soft-tissue infection rather than
osteomyelitis. The remaining 94 patients were proven not to have osteomyelitis.

This study was not considered suitable for inclusion in this assessment due to the high
number of patients excluded from the initial analysis of case notes (68 per cent), the
inclusion of children in the analysis, and the clinical criteria used to define a patient with
osteomyelitis. Furthermore, the study did not report the diagnostic accuracy of gallium-
67 scanning alone. Therefore, the results of this study were excluded from further
consideration in the effectiveness analysis of gallium-67 scanning. For completeness, the
characteristics of this study are reported in Appendix C.

Is it safe?

LeukoScan®

Theoretical concerns regarding the use of LeukoScan� relate to use of a murine
monoclonal antibody fragment (Fab). There is a possibility that the human immune
system might perceive LeukoScan� as foreign and mount an immune response against it,
producing human anti-mouse antibodies (HAMA).

In subjects with HAMA, there may be a greater chance of anaphylactic and other
hypersensitivity reactions whenever mouse protein materials are administered to patients.
Therefore, LeukoScan� should be administered only in a setting where, in the event of an
adverse reaction, appropriate cardiopulmonary resuscitation facilities and trained
personnel are immediately available. Furthermore, there is also a concern that the
presence of HAMA in a patient will diminish the efficacy of imaging due to an increased
rate of elimination of the labelled cells.

Under the Therapeutic Goods Administration (TGA) listed indication for LeukoScan� it
is likely that a proportion of patients would require repeat scans. However, limited data
are available regarding the safety and efficacy of re-administration of LeukoScan�.
Patients who have previously received murine monoclonal antibodies, from either
LeukoScan� or from another product, are more likely to have HAMA. Therefore,
administration of LeukoScan� in these patients should be considered only when it has
been established that the patient does not have elevated HAMA levels.
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Adverse event data

Assessment of the safety of LeukoScan� in the diagnostic testing of patients with
suspected osteomyelitis included comparative and non-comparative studies. Studies that
described the use of LeukoScan� in different patient groups (eg, patients with
inflammatory bowel disease) were excluded from the safety review.

The unpublished study reports provided thorough evaluations of the safety of
LeukoScan�. It is important to note that LeukoScan� Study 07 and Study 08 reported all
adverse events, including those consistent with the underlying disease, but not related to
LeukoScan� administration.  By contrast, safety reporting in the published literature was
of a poor standard. The studies either did not report any safety data or provided very
minimal data. None of the studies reported adverse events unrelated to the
radiopharmaceutical administration. Therefore when considering the safety data
presented it should be noted that expert opinion suggests that the level of adverse events
associated with LeukoScan� and the comparator scans are similarly low in incidence.

A summary of adverse events reported in Study 07 and Study 08 is provided in Table 11.
In addition, Harwood et al (1999) reported safety data for an additional 48 patients with
suspected osteomyelitis secondary to diabetic foot ulcer recruited following the initial
Study 07 report.

Table 11 Adverse events – LeukoScan®

Relationship of patients experiencing adverse events
to LeukoScan® administration

Study Total
numbe

r of
patient

s

Drop-
outsa

Patients
experiencing

adverse
events n (%)

Total
number of

events
experience

d

Unrelated/
remote

Unknown Possible Probable

Study 07 102 0 17 (16.7) 33 15 2 0 0
Study 08 130 0 16 (12.3) 33 12 2 2 0
Harwood
(1999) 150b 0 21 (14.0) 39 21 0 0

aA dropout was defined as any patient who was lost to follow-up for a period of ≥ 7 days in the 30-day adverse event follow-up period after
LeukoScan® administration.
bIncludes patients in Study 07 (102) and an additional 48 patients recruited following the Study 07 report.

Of the 17 patients in Study 07 experiencing adverse events following LeukoScan�

administration, one patient (1.0 per cent) died, three patients (2.9 per cent) experienced a
total of four serious/unexpected adverse events, and 14 patients (13.7 per cent)
experienced a total of 28 non-serious adverse events. One patient experienced both a
serious/unexpected adverse event and a non-serious adverse event. With two exceptions,
the clinical investigator judged these events as being either of remote relationship or
unrelated to LeukoScan� administration. The two exceptions were non-serious adverse
events of unknown relationship to LeukoScan� administration: nausea in one patient,
and cough, backache, nausea and vomiting in another.

Of the 16 patients in Study 08 experiencing adverse events following LeukoScan�

administration, three patients (2.3 per cent) died, six patients (4.6 per cent) experienced a
total of 13 serious/unexpected adverse events, and 10 patients (7.7 per cent) experienced
a total of 17 non-serious adverse events. Two patients experienced a serious/unexpected
adverse event prior to death, while another patient experienced both a
serious/unexpected adverse event and a non-serious adverse event. With four
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exceptions, the clinical investigator judged these events as being either of remote
relationship or unrelated to LeukoScan� administration. The four exceptions included
two patients with non-serious adverse events of unknown relationship to LeukoScan�

administration: rhinorrhoea in one patient, and nausea/emesis in another. The other
exceptions were two patients with non-serious adverse events that were possibly related
to LeukoScan� administration: a rash in one patient and eosinophilia in the other.

Clinical laboratory data

Blood glucose, phosphorous and alkaline phosphate levels, and several of the
haematological parameters, showed small but statistically significant changes from
baseline. However, the authors of Study 07 and Study 08 did not consider these
differences to be clinically significant and they were deemed to be consistent with the
clinical course of the patients’ underlying disease.

Antibody assays

In Study 07 and Study 08, serum was collected from patients at 4–6 weeks and 3–4
months following LeukoScan� administration for the determination of HAMA titres for
both the intact immunoglobulin G (IgG) antibody and the Fab.

Of the 85 patients in Study 07 and the 84 patients in Study 08 who had both
pre-injection and post-injection (1–4 months) determination of HAMA titres, no patient
had a positive HAMA response to the Fab. Five patients (5.9 per cent) in Study 07 and
two (2.4 per cent) in Study 08 developed a positive boost response (ie, an increase in
HAMA titre for a patient with HAMA present at baseline) to the intact IgG antibody.

Additional safety data reported in the peer-reviewed publications

In general, safety data were poorly reported in the peer-reviewed publications. However,
the available published data suggest that the level of adverse events and probability of
inducing a HAMA response following LeukoScan� administration are both low.

Harwood et al (1999) reported safety data for 150 patients, of whom 102 had been
included in the Study 07 report. No patient died or dropped out of the study. Of the 150
patients enrolled, five patients experienced a total of six unrelated serious adverse events
(one sepsis, five cardiac events), while 18 patients experienced 33 non-serious adverse
events (two had both serious and non-serious events). The events were not considered
either possibly or probably related to LeukoScan� administration.

None of the 96 patients who had both a pre-injection and at least one (1–4 months)
post-injection HAMA determination developed a positive HAMA response or a positive
boost response (an increase in HAMA titre in those with HAMA present at baseline) to
the Fab. Clinical, chemical and haematological analysis did not reveal any clinically
significant changes from baseline following LeukoScan� administration.

Becker et al (1996) reported no adverse events and no significant abnormalities in the
blood or urine of the 53 patients following administration of LeukoScan�. Of the 13
patients tested for HAMA before and up to four months following administration, none
had an elevation in HAMA. This publication included patients from Becker et al (1994).

No safety data were reported in the studies by Ryan et al (2002) and Devillers et al
(2000).
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Technetium-99m stannous colloid labelled WBC scanning

No adverse event data were reported in any of the studies of technetium-99m stannous
colloid labelled WBC scanning included in the safety evaluation.

The only safety data available were from a small kinetic sub study of 10 patients included
in Schroth et al (1981). The total trial population in this study included patients with
suspected abdominal abscesses as well as those with septic loosening of an
endoprosthesis. Therefore, it was not possible to determine whether the patients in the
kinetic sub study fell within the LeukoScan� indication. Consequently these data have not
been presented in this assessment.

Gallium-67 scanning

No adverse event data were reported in any of the studies of gallium-67 scanning
included in the safety evaluation.

Theoretical safety comparisons between LeukoScan , technetium-99m stannous
colloid labelled WBC scanning and gallium-67 scanning

Preparation and blood handling

There are two main safety issues regarding the preparation and procedure involved in
imaging for osteomyelitis:

•  the potential for needlestick injury, which is primarily a risk for health care
workers; and

•  the potential for transmission of blood-borne pathogens to a patient when the
procedure involves the withdrawal and reinjection of patients’ blood or blood
products.

LeukoScan� and gallium-67 scanning both require only a single injection with no blood
handling. This represents a safety advantage over technetium-99m stannous colloid
labelled WBC scanning, which involves a short five-step procedure where blood is drawn
from the patient for WBC labelling before reinjection.

The technetium-99m procedure requires two hollow-bore needle procedures in
comparison with the single hollow-bore needle procedure for LeukoScan� and gallium-
67 scanning. This is likely to increase the risk of needlestick injury during the technetium-
99m procedure. A recent study of the epidemiology of needlestick injury in an Australian
tertiary teaching hospital recorded a total of 1836 reported needlestick injuries in a 10-
year surveillance period (Whitby and McLaws 2002). These injuries occurred at a higher
rate among medical staff, at an annual rate of 10.27 injuries per 100 full-time positions,
compared with an annual rate of 8.79 per 100 full-time positions among the nursing staff.

Furthermore, a large US study reported that approximately 400,000 needlestick injuries
occur annually among an estimated four million health care workers (Porta et al 1999).
This equates to a ratio of one injury per 10 workers each year, which is similar to the
findings of Whitby and McLaws (2002). Porta et al (1999) also found that the risk of
needlestick injury and the risk of subsequent infection is associated with invasiveness,
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frequency, complexity, and extent of blood and body substance exposure during the
procedures.

Another way to estimate the safety advantage offered by LeukoScan� and gallium-67
scanning over technetium-99m stannous colloid labelled WBC scanning is to use data
from Jagger et al (1992), that reported a rate of 6.9 needlestick injuries per 100,000
needles purchased in a US university hospital. Given that technetium-99m stannous
colloid labelled WBC scanning requires twice as many devices (withdrawal and
reinjection) as LeukoScan� and gallium-67 scanning, and that there are an estimated 471–
916 scans performed annually in Australia, the number of needlestick injuries saved
would be 6.9 per 100,000 or 0.032–0.063 needlestick injuries per year.

Furthermore, it should be noted that only a small percentage of needlestick injuries
involve needles containing pathogens. Of the needlestick injuries that do contain
pathogens, again only a small percentage would lead to infection in the injured individual.
In the Australian study by Whitby and McLaws (2002), 127 (6.9 per cent) of the 1836
needlestick injuries involved exposure to potential infection. Five staff sustained
needlestick injuries associated with patients positive for human immunodeficiency virus
(HIV), 23 associated with hepatitis B virus (HBV), and 99 associated with hepatitis C
virus (HCV) patients. No seroconversion indicating HIV, HBV or HCV infection was
recorded. Similarly, Jagger et al (1992) found no documented case of infection or
infectious disease from the 326-needlestick injuries observed during their 10-month
study.

Nuclear medicine procedures that involve withdrawal and reinjection of blood products
can also expose patients to pathogens as a result of misadministration of the blood
products. A US paper published in 1992 reported on three patients (two in hospitals in
the US and one in the Netherlands) who inadvertently received intravenous injections of
blood or other material from patients infected with HIV (Grinsberg et al 1992). The
authors noted that administration errors in nuclear medicine are relatively rare. They
estimated that approximately one misadministration occurred in 10,000 nuclear medicine
procedures in the US in the period 1981–1990, and most of these involved an incorrect
dose or radiopharmaceutical and/or errors in patient identification. Given the increased
awareness of administration errors in recent times and similarity between the US and
Australian nuclear medicine settings, it seems reasonable to assume that these data can be
applied to patients who fall within the proposed LeukoScan� indication. Therefore, with
an estimated 480–920 technetium-99m stannous colloid labelled WBC procedures per
year in Australia, this suggests a total of 0.048–0.092 misadministrations could be
avoided annually. As with needlestick injury, the risk of any such misadministration
leading to infection or infectious disease of a patient is low.

In summary, LeukoScan� offers a safety advantage over technetium-99m stannous
colloid labelled WBC scanning by reducing the needlestick injury risk to nuclear medicine
technicians, and by reducing the risk of administration errors in patients. However, given
the very low rate of these events, this safety advantage appears to be marginal.

Exposure to radiation

Exposure to high levels of ionising radiation has been linked with the theoretical
possibility of cancer induction and the development of hereditary defects. However
diagnostic imaging agents only emit low dose ionising radiation, and to date, have not
been linked to any long-term complications when used in the imaging of infection.
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Nevertheless, it is recognised that ionising radiation doses should be kept as low as
possible. As the radiopharmaceuticals labelled with technetium are associated with a
lower radiation dose per patient than those labelled with gallium, LeukoScan� and
technetium-99m stannous chloride labelled WBCs both have a theoretical safety
advantage over gallium-67 citrate scanning. The relative radiation dosimetry of the
technetium and gallium based compounds is presented in Table 12.

Table 12 Relative radiation dosimetry of LeukoScan®, other radiopharmaceuticals used for
osteomyelitis imaging and other reference procedures

Average administered activity
(MBq)

Effective radiation dose
(mSv)

Radiopharmaceutical
Technetium-99m LeukoScan 900 9.9
Gallium-67 citratea 185 20.3
Indium-111 labelled WBCs 28 10.0
Reference scan or procedure
Bone scan (Technetium-99m phosphate)b 900 5.2
CT - pelvis NA 7.3
Plain film X-ray - IVP NA 4.6
Annual background radiationc NA 2.8

Source: Mountford (1995).
Abbreviations: CT, computed tomography; IVP, intravenous urogram; NA, not applicable; WBC, white blood cell.
aMurray and Ell (1994) report an effective dose of 16.5 mSv based on dose of 150 MBq. The standard Australian dose is 185 MBq so the
effective radiation dose was therefore upscaled to make the value relevant to the Australian health care setting.
bThe standard Australian dose for a bone scan is 900 rather than 600 MBq. The effective radiation dose was therefore upscaled to make the
value relevant to the Australian health care setting.
cMurray and Ell (1994) report a total effective natural dose of 2.4 mSv per annum and a total man-made effective dose of 0.4 mSv per annum,
equating to a total background effective dose of 2.8 mSv per annum.

Is it effective?

Available evidence

LeukoScan®

Table 13 provides a summary of the clinical evidence retrieved for review in the
effectiveness assessment of LeukoScan�. Levels of evidence were assigned to the studies
according to the National Health and Medical Research Council (NHMRC) definitions
(NHMRC 1999) and definitions specific to assessing the diagnostic accuracy of
diagnostic tests (Bandolier 2002).

A more detailed assessment of study quality was undertaken and a quality score was
derived using a modification of the diagnostic-specific checklist published by the
Cochrane Screening and Diagnostic Tests Methods group (Appendix G). Two
evaluators independently scored each of the included studies.

Only two studies reported the diagnostic accuracy of LeukoScan� specifically in patients
with suspected osteomyelitis in long bones and in feet, including those with diabetic foot
ulcers (Study 08; Harwood et al 1999).
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No studies adequately reported whether or how the various imaging modalities led to a
change in clinical management or a change in clinical outcomes associated with
LeukoScan�.

Table 13 Levels of evidence and study characteristics – LeukoScan

Study 08 Harwood (1999)
Level of evidence

Bandolier (2002)
NHMRC

4
III-2

4
III-2

Quality scorea 8 8
Diagnostic work-up consistent
with Australian settingb

x x

Patient characteristics Suspected osteomyelitis of the long bones Suspected osteomyelitis in patients with
diabetic foot ulcers

Patient numbers
LeukoScan®

n (ITT)
n (eval)

n = 130
n = 96

n = 150
n = 122

Reference standard
n (eval) n = 96 n = 123

Comparator
n (ITT)
n (eval)

n = 130
n = 88

n = 150
n = 111

Reference standard Bone biopsy Bone biopsy
Comparator 111In oxine or 99mTc HMPAO WBC scan 111In oxine or 99mTc HMPAO WBC scan
Abbreviations: eval, evaluable patients; HMPAO, hexamethylpropyleneamine oxime; 111In, indium-111; ITT, intention-to-treat; NHMRC,
National Health and Medical Research Council; 99mTc, technetium-99m; WBC, white blood cell.
a 0 = poor, 15 = excellent. The quality score is based on the scale described in Appendix G.
bDiagnostic work-up should consist of preliminary diagnostic investigations such as plain radiography and radioisotope bone scanning (unless
not clinically appropriate).

Harwood et al (1999) and Study 08 were of a prospective, multicentre, single-group, non-
randomised design, with blinded and un-blinded analyses and diagnostic tests performed
in sequential order. It was not reported whether the trials were performed in consecutive
patients. The objective of Harwood et al (1999) was to evaluate the safety and efficacy of
LeukoScan� for the diagnosis of osteomyelitis in patients with diabetic foot ulcers. Study
08 was designed to evaluate the safety and efficacy of LeukoScan� for the diagnosis of
long bone osteomyelitis. It should be noted that a small number of patients included in
Study 08 had suspected vertebral osteomyelitis. This presentation is outside of the TGA-
listed indication for LeukoScan� (ie, patients with osteomyelitis of the long bones or feet,
including those with diabetic foot ulcers). It was not possible to separate these patients
from the analysis post hoc. However, due to the small number of patients with suspected
vertebral disease included in Study 08, it is unlikely that the inclusion of these patients
will have a significant effect on the overall diagnostic accuracy reported in the study.

Neither study required that a patient should have a positive or equivocal plain radiograph
or three-phase radiographic bone scan prior to trial inclusion. Rather, both trials accepted
patients with a “high index of suspicion for osteomyelitis”. Neither trial defined how
patients with a high index of suspicion for osteomyelitis were identified. Subjects who
were treated with antibiotics within the past 30 days were enrolled only if the subject
showed no clinical response to antibiotic therapy, or if it were already determined that the
subject would be undergoing a biopsy of the bone and surrounding soft tissue. Initially,
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both trials were designed to compare LeukoScan� with indium-111 labelled WBC
scanning. However, indium oxine was not available for a short period of time and
technetium-99m HMPAO labelled WBCs were used instead. Final diagnoses were
obtained by bone biopsy for histology and/or culture.

The comparative effectiveness of LeukoScan� and indium-111 or technetium-99m
HMPAO labelled WBC scanning was determined only by non-independent, informed,
unblinded, on-site assessment. Importantly, the authors note that the on-site clinician
might have had access to the results of the WBC scans for some patients. This is likely to
have undermined the comparative analysis of LeukoScan� and indium-111 or
technetium-99m HMPAO labelled WBC scanning. No independent comparative
assessment of LeukoScan� was performed in either trial. However, an analysis of
LeukoScan� alone was performed in an independent blinded assessment (ie, without
knowledge of the patients’ clinical data or diagnostic information) and in an independent
informed assessment (with knowledge of all clinical data, except the WBC scan results).

Technetium-99m stannous colloid labelled WBC scanning

No studies were identified that reported the diagnostic accuracy of technetium-99m
stannous colloid labelled WBC scanning specifically in the TGA-indicated patient
population for LeukoScan�.

As there were no studies available that investigated how the use of LeukoScan�

influenced changes in clinical management or clinical outcome, no comparison could be
made with technetium-99m stannous colloid labelled WBC scanning.

Gallium-67 scanning

Table 14 provides a summary of the single study meeting the inclusion criteria for the
review of the diagnostic accuracy of gallium-67 scanning (Johnson et al 1996). Levels of
evidence were assigned to the study according to the NHMRC definitions (NHMRC
1999) and definitions specific to assessing the accuracy of diagnostic tests (Bandolier
2002).

A more detailed assessment of study quality was undertaken and a quality score was
derived using a modification of the diagnostic-accuracy-specific checklist published by
the Cochrane Screening and Diagnostic Tests Methods group (Appendix G). Two
evaluators independently scored the included study.

As there were no studies identified that adequately described the change in clinical
management or the change in clinical outcomes directly attributable to LeukoScan�, no
comparison could be made between the two testing modalities.
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Table 14 Levels of evidence and study characteristics – gallium-67 scanning
Johnson (1996)

Level of evidence
Bandolier (2002)
NHMRC

2
III-2

Quality scorea 9
Diagnostic work-up consistent with Australian settingb x
Patient characteristics Adult diabetics with suspected osteomyelitis of the foot or

ankle
Patient numbers

Gallium-67 scan
n (ITT)
n (eval)

n = 22
n = 22

Reference standard
n (eval) n = 22

Comparators
n (ITT); n (eval) Plain radiography: 22; 22

99mTc MDP: 22; 22
111In: 22; 22

99mTc/111In: 22; 22
Reference standard Deep culture and histology and/or long-term clinical follow-up
Comparators Plain radiography; 99mTc MDP; 111In; 99mTc MDP/111In
Abbreviations: eval, evaluable patients; 111In, indium-111; ITT, intention-to-treat; MDP, methylene diphosphonate; NHMRC, National Health and
Medical Research Council; 99mTc, technetium-99m.
a0 = poor, 15 = excellent. The quality score is based on the scale described in Appendix G.
bDiagnostic work-up should consist of preliminary diagnostic investigations such as plain radiography and radioisotope bone scanning (unless
not clinically appropriate).

The Johnson et al (1996) study was of a prospective, single-group design, with diagnostic
tests performed in sequential order. It was not reported whether the study was
performed in consecutive patients. The objective of the study was to compare the
diagnostic accuracy of gallium-67 scanning, plain radiography (X-ray), technetium-99m
MDP bone scanning, indium-111-labelled leucocyte scanning, and a combination of
technetium-99m/indium-111 scanning. The radiologists/nuclear medicine physicians
were informed of the site of clinical interest, but did not have additional clinical,
radiographic or pathological information about patients’ true disease states.

The study included 22 patients with suspected osteomyelitis of the foot or ankle. To
qualify for inclusion into the study, patients were required to test positive for loss of
protective sensibility of the foot by Semmes-Weinstein monofilament pressure
aesthesiometry (inability to feel the 5.07 monofilament).

It is important to note that initial treatment was not withheld from patients participating
in the Johnson et al (1996) study. At the time of imaging, 16 of the 22 patients had
already received 1–14 days of antibiotic therapy. The final diagnosis of osteomyelitis was
established for 12 patients by deep culture and histology. The remaining 10 patients were
considered disease-negative on the basis of deep culture and histology and/or long-term
clinical follow-up (3–18 months).
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Results

Diagnostic accuracy

There were no head-to-head comparisons of LeukoScan� with technetium-99m stannous
colloid labelled WBC scanning or LeukoScan� with gallium-67 scanning. Therefore, the
feasibility of performing an indirect comparison of these diagnostic modalities was
considered.

Two trials of LeukoScan� were identified in the TGA-indicated patient population (ie,
patients with suspected osteomyelitis of the long bones and feet, including those with
diabetic foot ulcers) (Harwood et al 1999; Study 08). No trials of technetium-99m
stannous colloid labelled WBC scanning were identified in the specific patient population
of interest. Therefore, an indirect comparison of the diagnostic accuracy of LeukoScan�

and technetium-99m stannous colloid labelled WBC scanning could not be performed.

After review of the studies identified for gallium-67 scanning, it was found that only one
study reported the diagnostic accuracy of gallium-67 scanning in an appropriate patient
population (Johnson et al 1996). However, this study involved only 22 patients and a
considerable proportion of these patients (73 per cent) had received 1–14 days of
antibiotic therapy between the time of the reference standard and the various imaging
procedures. Furthermore, the prevalence of true disease in the included patient
population was lower (55 per cent) than in the patient population included in the
Harwood et al (1999) study (68 per cent). Therefore, on their own, the data presented by
Johnson et al (1996) were considered inadequate to form the basis of an indirect
comparison between gallium-67 scanning and LeukoScan�.

Since indirect comparison of LeukoScan� with technetium-99m stannous colloid labelled
WBC scanning and with gallium-67 scanning could not be performed, an alternative
approach was needed to aid in the decision-making process. An analysis of trials
reporting a direct comparison of the diagnostic accuracy of LeukoScan� with either
indium-111 or technetium-99m labelled HMPAO WBC scanning in the TGA-indicated
patient population was therefore carried out.

LeukoScan® versus indium-111 or technetium-99m labelled HMPAO WBC scanning

The recommended methodology for investigating the accuracy of a new diagnostic test is
to compare the diagnosis made with the new test with the true disease status. However, it
is often not feasible to determine the disease status of a patient unequivocally. Therefore,
in many disease states, a proxy measure – such as another diagnostic test or clinical
judgement – must be used. The best available measure of disease is called the reference
standard. Both the LeukoScan� and the comparator results must be independently
compared with the reference standard to assess accuracy. In this way, the difference in
accuracy between LeukoScan� and the comparator can be determined.

Currently, the best way of determining whether osteomyelitis is present in patients with
suspected disease of the long bones and feet, including those with diabetic foot ulcers, is
bone biopsy and histology or culture. For pragmatic reasons, it was decided (on the basis
of expert opinion) that studies reporting long-term clinical follow-up as a reference
standard would also be included in the assessment.
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Where possible, the following markers of diagnostic effectiveness were calculated:

•  Sensitivity – the ability to detect osteomyelitis among patients in whom it is
present.

•  Specificity – the ability to detect no osteomyelitis among patients in whom it is
absent.

•  Accuracy – the proportion of all tests giving the correct result, as proportion of
all results (calculated as a diagnostic odds ratio (DOR) from the sensitivity and
specificity).

•  Positive predictive values (PPV) – the ability to detect positive patients only
among positive scans (ie, avoid false-positives).

•  Negative predictive values (NPV) – the ability to detect negative patients only
among negative scans (ie, avoid false-negatives).

The Harwood et al (1999) trial and Study 08 reported the comparative diagnostic
performance of LeukoScan� with patients scanned with either indium-111 labelled WBC
or technetium-99m labelled HMPAO WBC. Table 15 summarises the results of the on-
site blinded assessment of all patients who underwent LeukoScan� testing and indium-
111 labelled WBC scanning or technetium-99m labelled HMPAO WBC scanning and
biopsy in these two studies.

Table 15 Unblinded on-site assessment of patients with suspected osteomyelitis – LeukoScan®

versus technetium-99m labelled HMPAO WBC or indium-111 labelled WBC scanning for
patients who underwent each test and bone biopsy

Harwood (1999)a Study 08
Diagnostic test LeukoScan® 111In WBC or 99mTc

WBC scanningc
LeukoScan® 111In WBC or 99mTc

WBC scanningc

Patient characteristics Suspected osteomyelitis in patients with
diabetic foot ulcers

Suspected osteomyelitis of the long bones

Sensitivityb %
n/N (95% CI)

92% (p < 0.05)d

69/75 (83, 97)
79%

59/75 (68, 87)
76.7% (p = 0.07)d

23/30 (58, 90)
56.7%

17/30 (37, 75)
Specificity %

n/N (95% CI)
58%

21/36 (41, 75)
67%

24/36 (49, 81)
72.4%

42/58 (59, 83)
72.4%

42/58 (59, 83)
Accuracy %

n/N (95% CI)
81%

90/111 (73, 88)
75%

83/111 (66, 83)
73.9%

65/88 (63, 83)
67.0%

59/88 (56, 77)
PPV %

n/N (95% CI)
82%

69/84 (72, 90)
83%

59/71 (72, 91)
59.0%

23/39 (42, 74)
51.5%

17/33 (33, 69)
NPV %

n/N (95% CI)
78%

21/27 (58, 91)
60%

24/40 (43, 75)
85.7%

42/49 (73, 94)
76.4%

42/55 (63, 87)
Abbreviations: CI, confidence interval; HMPAO, hexamethylpropyleneamine oxime; 111In, indium-111; NPV, negative predictive value; PPV,
positive predictive value; 99mTc, technetium-99m; WBC, white blood cell.
aData also published in Study 07, Hakki et al (1997) and Harwood et al (1994).
bIt was only possible to derive p values for the difference in sensitivity between LeukoScan® and indium-111/technetium-99m labelled WBC
scanning. No significance test was performed for specificity, accuracy, PPV or NPV.
bInitially both trials were designed to compare LeukoScan® with indium-111 labelled WBC; however, indium oxine was not available for a short
period of time and technetium-99m HMPAO labelled WBCs were then used instead. The results of these testing methods (ie, indium-111
labelled WBC and technetium-99m HMPAO labelled WBCs) were reported as pooled outcomes.
cThe p values pertain to the difference in diagnostic sensitivity between LeukoScan® and indium-111/technetium labelled WBC scanning.
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Table 16 shows that the sensitivity of disease detection with LeukoScan� (92 per cent) in
patients with diabetic foot ulcers who are suspected of having osteomyelitis was
significantly higher than with indium-111 and technetium-99m labelled HMPAO WBC
scanning (79 per cent; p < 0.05). It should be noted that this difference might simply be a
function of the threshold at which a positive diagnosis is made. In contrast, the
specificity of the LeukoScan� test was numerically lower than indium-111 and
technetium-99m labelled HMPAO WBC scanning in this patient group (58 and 67 per
cent, respectively). Therefore, in patients with diabetic foot ulcers, the diagnostic
accuracy of LeukoScan� compared with indium-111 and technetium-99m labelled
HMPAO WBC scanning was not significantly different (81 and 75 per cent, respectively).

In patients with suspected osteomyelitis of the long bones, the diagnostic accuracy of
LeukoScan� compared with indium-111 or technetium-99m labelled HMPAO WBC
scanning was not significantly different (73.9 and 67.0 per cent, respectively). Similarly,
the sensitivity for disease detection of LeukoScan� compared with indium-111 or
technetium-99m labelled HMPAO WBC scanning was not significantly different in these
patients (76.7 and 56.7 per cent, respectively; p = 0.07). In this patient group, the
specificities of the diagnostic modalities were equal (72.4 per cent).

LeukoScan� therefore had a numerically higher sensitivity in patients with diabetic foot
ulcers who are suspected of having osteomyelitis than in patients with suspected
osteomyelitis of the long bones (92 and 76.7 per cent, respectively). A similar trend was
seen when comparing the WBC scanning (indium-111 and technetium-99m labelled
HMPAO) diagnostic performance in patients with diabetic foot ulcers who are suspected
of having osteomyelitis and those with suspected osteomyelitis of the long bones (79 and
56.7 per cent, respectively).

In contrast, the specificity of the LeukoScan� test was numerically lower in the diabetic
foot group than in the long bone group (58 and 72.4 per cent, respectively). The
specificity of WBC scanning (indium-111 and technetium-99m labelled HMPAO) was
similar in patients with diabetic foot ulcers who are suspected of having osteomyelitis (67
per cent) and in those with suspected long bone osteomyelitis (72.4 per cent).

It is important to note that the data reported in Harwood et al (1999) and Study 08 were
based on a non-independent, on-site assessment of LeukoScan� and indium-111 and
technetium-99m labelled HMPAO WBC scanning. In this setting, the authors note that
the on-site clinician “may have had access to the results of the WBC scans for some
patients” when interpreting the LeukoScan� results. This is likely to undermine the
comparative analysis of LeukoScan� and indium-111 and technetium-99m labelled
HMPAO WBC scanning presented in Harwood et al (1999) and Study 08.

As shown above, there is considerable variation between the diagnostic performance of
LeukoScan� in patients with diabetic foot ulcers who are suspected of having
osteomyelitis and those with suspected osteomyelitis of the long bones. This is
understandable considering that the presence of a foot ulcer in a diabetic patient is likely
to be strongly suggestive of underlying osteomyelitic disease. By comparison, a non-
diabetic patient with suspected osteomyelitis of the long bones is less likely to have this
disease. In fact, Harwood et al (1999) reported the prevalence of confirmed disease in
their study population (patients with diabetic foot ulcers) was 68 per cent, while in Study
08 (long bones) it was reported to be 34 per cent (percentages derived from patients who
received both tests and were assessed by biopsy). Furthermore, osteomyelitic disease may
be less ambiguous in the diabetic foot than in long bones. Therefore, due to the clinical
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heterogeneity between these patient groups, results from the Harwood et al (1999) study
and Study 08 were not pooled within this assessment.

Change in clinical management

No studies adequately reported changes to clinical management directly attributable to
the use of LeukoScan� in the appropriate patient population. Therefore, a comparative
analysis of the effect of the various testing modalities on clinical management could not
be performed.

Delineation of the treatment of osteomyelitis is difficult for several reasons: debridement
obscures the impact of antibiotics, the clinical situations and pathogens associated with
the disease are heterogeneous, years of follow-up may be necessary to demonstrate
sustained remission, and many of the studies of antibiotic therapy have enrolled only
small numbers of patients.

However, it is known that the best clinical outcomes are achieved when there is early
diagnosis and prompt initiation of antibiotic therapy, before extensive destruction of the
bone (Carek et al 2001). If osteomyelitis is detected early enough and antibiotic therapy is
successful, surgical debridement of the bone and surrounding tissue is not always
necessary.

If a false-negative diagnosis is made, this may delay appropriate clinical management of
the patient. Based on expert opinion, the possible implications of a false-negative
diagnosis for the clinical management of patients with osteomyelitis are as follows.

•  No change in management.

•  Surgical debridement where none would be required if the infection had been
promptly detected and successfully treated, or more extensive surgical
debridement than would otherwise be required. The resultant ‘dead space’ must
then be managed and, if necessary, the bone must be stabilised. Dead space
management may include local myoplasty, free-tissue transfers and the use of
antibiotic-impregnated beads or cement. In patients with osteomyelitis associated
with a prosthetic device, the prosthesis may have to be removed, followed by
surgical debridement, packing of the dead space (eg, with antibiotic-impregnated
beads or myoplasty) and, if infection is cleared, prosthetic replacement.

•  In more severe cases a delay in the clinical management of a patient may require
the amputation of the affected limb or extremity (eg, the diabetic foot).

If a false-positive diagnosis is made, the patient is likely to receive unnecessary and
intensive antimicrobial treatment. The antimicrobial therapy chosen for treatment of the
osteomyelitis is dependent on the microbial aetiology of the infection and the in vitro
antibiotic susceptibility profile of the pathogen detected. In general, patients in Australia
are treated with a course of parenteral antibiotics while in hospital (average length of stay
= 10.39 days1), followed by a period of ‘hospital in the home’ care where parenteral
antibiotic therapy is completed (parenteral antibiotic therapy is generally given for a

                                                

1Derived from a weighted average of AR-DRG (Australian-refined diagnosis-related groups) v5 codes I64a
and I64b.
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minimum period of six weeks). If necessary, the patient may then be treated with a
course of oral antibiotic therapy. However, in the case of a false-positive diagnosis (eg, a
patient with a soft-tissue infection but no underlying osteomyelitis), it is likely that the
patient will be ‘cured’ earlier in this intensive treatment programme than if there were
true osteomyelitic disease. Some false-positive patients may have limited removal of
healthy bone in an attempt to confirm the diagnosis.

Change in clinical outcomes

No trials adequately reported changes in clinical outcomes associated with the use of
LeukoScan� in the appropriate patient population. Therefore, a comparative analysis of
the effect of the various testing modalities on clinical outcomes could not be performed.

The implications of a false-negative diagnosis on clinical outcomes will depend on the
length of delay before the disease is detected and the aggressiveness of the osteomyelitic
infection. Based on expert opinion, the clinical outcomes associated with a false-negative
diagnosis include the following.

•  No change in clinical outcome.

•  Removal of infected bone and surrounding tissue where none would be required
if the infection had been promptly detected and successfully treated, or more
extensive removal of infected bone and surrounding tissue than otherwise
required, with a resultant increase in morbidity and disability. In patients with
osteomyelitis associated with a prosthetic device, the prosthesis may have to be
removed, followed by surgical debridement, packing of the dead space (eg, with
antibiotic-impregnated beads or myoplasty) and, if infection is cleared, prosthetic
replacement. This process would be associated with a marked increase in
morbidity and temporary or possible permanent disability for the patient.

•  Amputation, with a resultant increase in morbidity and disability.

•  In rare cases, a delay in the detection of osteomyelitis may have the potential to
cause death (eg, due to septicaemia, especially in immunocompromised patients).

The implications of a false-positive diagnosis on patient-relevant health outcomes are
likely to be less severe, and may include the following.

•  Limited removal of healthy bone to attempt to confirm the diagnosis, which may
be accompanied by an increase in morbidity.

•  Increased time in hospital and in ‘hospital in the home’ care for the
administration of parenteral antibiotics.

A false-positive diagnosis also has implications with regards to resource use. These
implications are discussed in the following economic sections.
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What are the economic considerations?

The review of the clinical effectiveness of LeukoScan� indicated that there is insufficient
evidence to prove that LeukoScan� is a superior diagnostic procedure to either of the
main comparators (gallium-67 scanning or technetium-99m stannous colloid labelled
WBC scanning). The proposed fee for LeukoScan� is also greater than that for either of
these comparators. Therefore, a cost-effectiveness analysis would show that LeukoScan�

is a dominated intervention – ie, it has greater costs without evidence of additional health
benefits.

Nevertheless, an economic analysis was conducted to explore the cost-effectiveness of
LeukoScan� based on the nominally better accuracy of LeukoScan� when compared with
indium-111 and technetium-99m labelled HMPAO WBC scanning, as reported in
Harwood et al (1999) and Study 08. The economic analysis assumes that the diagnostic
accuracy of gallium-67 scanning is equivalent to technetium-99m labelled HMPAO WBC
scanning. It is therefore assumed that the benefit of LeukoScan� relative to gallium-67
scanning is equivalent to the benefit of LeukoScan� relative to technetium-99m labelled
HMPAO WBC scanning, as observed in the clinical trials. The economic evaluation does
not compare LeukoScan� with technetium-99m stannous colloid labelled WBC scanning.

Therefore, the economic analysis determines whether LeukoScan� has the potential to be
cost-effective relative to the most commonly used diagnostic procedures in Australia if
evidence of its greater diagnostic accuracy were confirmed.

The economic evaluation found that LeukoScan� was most cost-effective in patients with
suspected osteomyelitis of the long bones or feet. In these patients, LeukoScan� more
accurately identified disease-positive patients than technetium-99m labelled HMPAO
WBC scanning, at an incremental cost of $24,056 per additional patient free of
osteomyelitis. In patients with diabetic foot ulcers and suspected osteomyelitis, the
incremental cost of LeukoScan�, compared to technetium-99m labelled HMPAO WBC
scanning, per additional patient detected with osteomyelitis was $26,348.

The incremental cost-effectiveness of LeukoScan� relative to gallium-67 scanning, and
the assumptions used in the economic evaluation, are described below.

Approach

To assess the value-for-money of a new health intervention, it is necessary to express the
incremental cost associated with the new treatment relative to the incremental health
benefit gained. When this information is available, an incremental cost-effectiveness ratio
(ICER) can be calculated:

ICER =
Costnew technology – Costcomparator

Effectivenessnew technology – Effectivenesscomparator
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When determining the incremental cost of the new technology, several factors should be
considered: the costs of the intervention itself; the costs of any downstream management
including any costs secondary to misdiagnosis or non-compliance; treatment costs for
any adverse reactions; and also any cost-savings achieved.

With respect to incremental effectiveness, there are several ways of expressing the
effectiveness of the treatment. It may be expressed as a measured intermediate health
outcome (eg, mmHg reduction in blood pressure) or as an end-stage outcome (eg, life-
years gained). Alternatively, effectiveness may be expressed as quality-adjusted life-years
(QALYs) gained, a measure that incorporates both the quality and the quantity of life-
years gained (a cost-utility analysis).

In the current assessment, an economic evaluation was used to determine the cost-
effectiveness of LeukoScan� for the detection of osteomyelitis. Patients free of
osteomyelitis was the health outcome used to assess the value-for-money offered by
LeukoScan�. Hence, the ICER calculated in this economic evaluation was the
incremental cost per additional patient free of osteomyelitis. The ICER was calculated
for the two indications for LeukoScan� that are the subject of this review: patients who
are suspected of having osteomyelitis of the long bones or feet, and patients with diabetic
foot ulcers who are suspected of having osteomyelitis. The value-for-money that the
ICERs represent can be interpreted by considering the cost-savings and improved health
outcomes associated with curing a patient of osteomyelitis.

A summary of the key assumptions used in the economic model are presented below:

•  The analysis compared LeukoScan� with both technetium-99m labelled
HMPAO WBC scanning2 and gallium-67 scans. The latter is included as a
comparator due to the frequency with which it is used in Australia. Point
estimates of the sensitivity and specificity of the diagnostic procedures were
derived from the clinical trials. Due to a lack of head-to-head clinical trial data
comparing LeukoScan� with the main-comparator (gallium-67 scanning) it has
been assumed that technetium-99m labelled HMPAO WBC scanning and
gallium-67 scanning have equivalent accuracy.

•  The effectiveness of LeukoScan� was based on data from Study 08 (patients with
suspected osteomyelitis of the long bones or feet) and Harwood et al (1999)
(patients with diabetic foot ulcers who were suspected of having osteomyelitis).

•  The true prevalence of osteomyelitis in the economic model was based on the
prevalence observed in the pivotal clinical trials. Sensitivity analysis considered
different estimates for the true prevalence of the disease. The true prevalence of
osteomyelitis was 34 per cent (30/88) in patients with suspected osteomyelitis of
the long bones or feet and 68 per cent in patients with diabetic foot ulcers
(75/111).

                                                

2Although Study 08 and Harwood et al (1999) used a combination of technetium-99m labelled HMPAO
WBC scans and indium-111 WBC labelled scans, only the former is reimbursed under the Medicare
Benefits Schedule. Additionally, it was not possible to perform a comparison with technetium-99m
stannous colloid labelled WBC scanning. Consequently, only technetium-99m labelled HMPAO WBC
scanning is included in the economic analysis.
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•  All patients incurred the costs of the initial diagnostic procedures and associated
professional attendances. The Medicare Benefits Scheme (MBS) fees used in the
analysis were assumed to incorporate the cost of consumable items, professional
time and depreciation of capital equipment associated with the procedure.

•  Patients in which osteomyelitis was not detected were assumed to incur no
further health care costs. A sensitivity analysis includes a case where these
patients incur additional follow-up costs of between $1,000 and $10,000 per
patient. However, this sensitivity analysis does not incorporate the knock-on
effect of these additional costs on altering patient outcomes in the economic
model.

•  Patients in which osteomyelitis was detected were followed until the completion
of the first round of antimicrobial therapy. This therapy included an initial period
of hospitalisation and continued with the remainder of the antimicrobial therapy
being administered in the ‘hospital in the home’ setting. The model followed
patients until the completion of antimicrobial therapy, at which point the
number of patients free of osteomyelitis was estimated based on the probability
that the patient was detected with the disease and the probability that the
treatment initiated was successful.

•  It was assumed that 75 per cent of disease-positive patients were cured following
hospitalisation and antimicrobial therapy for osteomyelitis.

•  For simplicity, it was assumed that there were no equivocal results and patients
received only one diagnostic test. (It is anticipated that the number of equivocal
results would be small, so that this assumption would have little impact on the
overall results.)

•  The costs and health consequences of needlestick injuries were not included in
the analysis. Due to the very low rate of these events, the effect of excluding
these costs and consequences on the results of the analysis are negligible.

•  All costs and outcomes were assumed to occur within a one-year period, hence
discounting of costs and health outcomes was not required.

Model structure and variables

The decision-analytic model used in this economic evaluation is presented in Figure 4.
The tree structure is used to calculate the incremental cost-effectiveness of LeukoScan�.
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Figure 4 Decision-analytic model

The variables included in the model are described below. The structure of this decision-
tree is generic and was applied to each of the patient populations and diagnostic
procedures. The probability of a correct diagnosis depends on the patient population and
the diagnostic procedure being analysed.

Clinical trial variables

The clinical trial variables used to populate the decision-analytic model were the
sensitivity and specificity of the respective diagnostic procedures.

In patients with suspected osteomyelitis in the long bones and feet, LeukoScan� was
more sensitive than technetium-99m labelled HMPAO WBC scanning (and, by
assumption, the main comparator, gallium-67 scanning), detecting 77 per cent of all
diseased patients compared with 57 per cent of diseased patients detected with
technetium-99m labelled HMPAO WBC scanning. Also, LeukoScan� had equivalent
specificity with technetium-99m labelled HMPAO WBC scanning in this indication (72
per cent).
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In patients with diabetic foot ulcers, LeukoScan� was more sensitive than technetium-
99m labelled HMPAO WBC scanning (92 vs 79 per cent), but had poorer specificity.
LeukoScan� gave a correct negative diagnosis in 58 per cent of patients free of the
disease, compared with 67 per cent with technetium-99m labelled HMPAO WBC
scanning. The sensitivity and specificity of the respective diagnostic tests applied to the
economic model are presented in Table 16.

Table 16 Accuracy of diagnostic tests in patients with suspected osteomyelitis

Diagnostic test Sensitivity
 % (n/N)

Specificity
 % (n/N)

Suspected osteomyelitis of the long bones or feeta

LeukoScan® 77% (23/30) 72% (42/58)
Technetium-99m labelled HMPAO WBC scanning 57% (17/30) 72% (42/58)
Gallium-67 scanning (assumed) 57% 72%
Suspected osteomyelitis in patients with diabetic foot ulcersb

LeukoScan® 92% (69/75) 58% (21/36)
Technetium-99m labelled HMPAO WBC scanning 79% (59/75) 67% (24/36)
Gallium-67 scanning (assumed) 79% 67%
Source: aStudy 08, bHarwood et al (1999).
Abbreviations: HMPAO, hexamethylpropyleneamine oxime; WBC, white blood cell.

It is important to note that the lower specificity of LeukoScan� in patients with suspected
osteomyelitis of the long bones and feet added to the total cost of LeukoScan�. This was
because the resource wastage and consequent costs associated with treatment received on
the basis of a false-positive result were included in the economic model.

The true prevalence of disease in patients presenting for diagnosis was also based on data
from the clinical trials. The true prevalence of osteomyelitis applied to the economic
model was 34 per cent in patients with suspected osteomyelitis of the long bones or feet
(30/88) and 68 per cent in patients with suspected osteomyelitis and diabetic foot ulcers
(75/111). However, due to the way that patients were recruited to the trials, it is possible
that the true prevalence of disease applied in the economic model was overestimated
compared with the prevalence of disease in the patient population likely to receive
LeukoScan� through the MBS.3 This would affect the number, and total cost, of patients
incorrectly diagnosed with the disease. That is, an overestimate of the prevalence of the
disease would lead to an underestimate of the impact of the poorer specificity of
LeukoScan� – this is explored in a sensitivity analysis.

Effectiveness of osteomyelitis treatment

It is assumed in the economic evaluation that 75 per cent of patients correctly diagnosed
with osteomyelitis were cured following treatment. This assumption was based on data
from clinical trials of oral ciprofloxacin and standard parenteral therapies (Gentry and
Rodriguez-Gomez 1989). Clinical success was reported by Gentry and Rodriguez-Gomez
in 24 of 31 patients (77 per cent) treated with oral ciprofloxacin, and in 22 of 28 patients
(79 per cent) treated with standard parenteral therapies. A systematic review of the
effectiveness of treatment following successful diagnosis of osteomyelitis is beyond the

                                                

3There is also the possibility of an underestimate, though this is not as likely.
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scope of this review. Therefore, a conservative value of 75 per cent for the response to
treatment following diagnosis of osteomyelitis was applied to the economic evaluation.

Costs

The costs of procedures used for diagnosing osteomyelitis are based on the respective
MBS fees for each procedure. The resources used and costs associated with each
diagnostic procedure are presented in Table 17. The MBS fees used in estimating costs
in the economic model were assumed to incorporate the cost of professional time,
depreciation of capital equipment and the cost of consumable items used in performing
the procedure. However, the current MBS fees might not, in fact, adequately reimburse
providers for these resources and are likely to be significantly less than the market rate.
Therefore, the fees for the procedures listed in Table 17 recommended by the Australian
Medical Association (AMA Limited, List of Medical Services and Fees, 1 November
2002), were considered in a sensitivity analysis. These fees are an acceptable proxy for the
market rates. For simplicity, it was assumed that patients did not receive more than one
diagnostic test (ie, there were no equivocal results).

Table 17 Diagnostic costs

Diagnostic procedure Reference Cost of medical resources
LeukoScan® scanning Fee requested by applicant $779.35
Technetium-99m labelled HMPAO WBC scanning MBS 61454 $315.65
Gallium-67 scanning MBS 61450 $360.50
Abbreviations: HMPAO, hexamethylpropyleneamine oxime; MBS, Medicare Benefits Schedule, November 2002; WBC, white blood cell.

In addition to the costs associated with the diagnostic procedures, patients with positive
results – whether correct or otherwise – incur the costs of the associated treatment. The
cost of this treatment was estimated to be $11,241 per patient and included costs for an
initial period in hospital, plus costs for subsequent ‘hospital in the home’ administration
of antimicrobial therapy (Table 18).

The cost of the hospitalisation applied in the economic model was based on Australian-
Refined Diagnosis-Related Groups (AR-DRGs) I64A and I64B. The cost of ‘hospital in
the home’ administration of antimicrobial therapy was derived from an Australian study
of the costs of home intravenous antibiotic therapy by Grayson et al (1995). This study
included 10 patients with osteomyelitis treated for an average of 28 days with antibiotic
therapies including vancomycin, ceftriaxone and fluconazole. The costs of delivering the
therapy comprised the cost of the antibiotics themselves, plus the cost to administer the
therapy. The average cost per patient receiving ‘hospital in the home’ therapy for
treatment of osteomyelitis estimated by Grayson et al was $4534. A cost of $5472 per
patient was applied to the economic model after inflating the Grayson et al cost to year
2001 values (Australian Institute of Health and Welfare (AIHW) 2002). The total cost of
$11,241 per patient referred for treatment was tested in a sensitivity analysis.
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Table 18 Costs of treatment initiated by a positive result with LeukoScan®, technetium-99m labelled
HMPAO WBC scanning or gallium-67 scanning

Medical resource Reference Cost per patient
Hospitalisation AR-DRGs I64A and I64B $5769.05
‘Hospital in the home’ treatment Grayson et al (1995) $5472.22
Total cost of treatment per patient $11,241.27
Abbreviation: AR-DRG, Australian-Refined Diagnosis-Related Group (published in the National Hospital Cost Data Collection Hospital
Reference Manual version 5).

Patients not detected with osteomyelitis were assumed to incur no health care costs after
the diagnostic procedure. A sensitivity analysis includes a case where these patients incur
additional follow-up costs of between $1,000 and $10,000 per patient. However, this
sensitivity analysis does not incorporate the knock-on effect of these additional costs on
altering patient outcomes in the economic model.

The applicant suggested a potential for cost-savings and improved health outcomes due
to a lower rate of needlestick injuries with LeukoScan� compared with technetium-99m
labelled HMPAO WBC scanning. The risk of needlestick injury was not included in the
economic model. Excluding this risk will have no impact on the cost-effectiveness of
LeukoScan� relative to gallium-67 scanning, because the risk of needlestick injury is the
same with each of these procedures. Excluding the risk of needlestick injury could
slightly underestimate the cost-effectiveness of LeukoScan� compared with technetium-
99m labelled HMPAO WBC scanning. However, any underestimate is likely to be
negligible due to the very low rate of needlestick injuries (6.9 per 100,000 devices sold;
Jagger et al 1988) and the fact that the majority of needlestick injuries do not result in
transmission of infection (Jagger et al 1988).

Results of the economic evaluation

Total costs

In patients with suspected osteomyelitis of the long bones or feet, the incremental costs
of LeukoScan� were $1230 and $1185 per patient when compared with technetium-99m
labelled HMPAO WBC scanning and gallium-67 scanning, respectively (Table 19). In
those with diabetic foot ulcers who were suspected of having osteomyelitis, the
incremental cost of LeukoScan� was $1780 and $1735 per patient when compared with
gallium-67 scanning and technetium-99m labelled HMPAO WBC scanning, respectively
(Table 20).
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Table 19 Total cost of osteomyelitis detection and initial treatment in patients with suspected
osteomyelitis of the long bones or feet

Comparison Reference LeukoScan® Comparator Incremental

LeukoScan® vs technetium-99m labelled HMPAO WBC scanning
A Cost of diagnostic procedure Table 17 $779.35 $315.65 $463.70
B Patients testing positive for

osteomyelitisa
Table 16 44.3%

(39/88)
37.5%
(33/88)

6.8%
(6/88)

C Treatment costs per patient testing
positive for osteomyelitis

Table 18 $11,241.27 $11,241.27

D Total health care costs per patient D = A + (B × C) $5761.28 $4531.13 $1230.15
LeukoScan® vs gallium-67 scanning
E Cost of diagnostic procedure Table 17 $779.35 $360.50 $418.85
F Patients testing positive for

osteomyelitis
Assume same as

B
44.3% 37.5% 6.8%

G Treatment costs per patient testing
positive for osteomyelitis

Table 18 $11,241.27 $11,241.27

H Total health care costs per patient H = E + (F × G) $5761.28 $4575.98 $1185.30
aIncludes patients correctly and incorrectly diagnosed with osteomyelitis.
Abbreviations: HMPAO, hexamethylpropyleneamine oxime; WBC, white blood cell.

Table 20 Total cost of osteomyelitis detection and initial treatment in patients with suspected
osteomyelitis and with diabetic foot ulcer

Comparison Reference LeukoScan® Comparator Incremental

LeukoScan® vs technetium-99m labelled HMPAO WBC scanning
A Cost of diagnostic procedure Table 17 $779.35 $315.65 $463.70
B Patients testing positive for

osteomyelitisa
Table 16 75.7%

(84/111)
64.0%

(71/111)
11.7%

(13/111)
C Treatment costs per patient testing

positive for osteomyelitis
Table 18 $11,241.27 $11,241.27

D Total health care costs per patient D = A + (B × C) $9286.26 $7506.01 $1780.25
LeukoScan® vs gallium-67 scanning
E Cost of diagnostic procedure Table 17 $779.35 $360.50 $418.85
F Patients testing positive for

osteomyelitis
Assume same as

B
75.7% 64.0% 11.7%

G Treatment costs per patient testing
positive for osteomyelitis

Table 18 $11,241.27 $11,241.27

H Total health care costs per patient H = E + (F × G) $9286.26 $7550.86 $1735.40
aIncludes patients correctly and incorrectly diagnosed with osteomyelitis.
Abbreviations: HMPAO, hexamethylpropyleneamine oxime; WBC, white blood cell.

Effectiveness

For each patient with suspected osteomyelitis of the long bones or feet presenting for
diagnostic scanning, an additional 6.8 per cent of patients are detected with osteomyelitis
when LeukoScan� is used, compared with when technetium-99m labelled HMPAO WBC
scanning or gallium-67 scanning is used for diagnosis. Assuming 75 per cent of these
patients would be cured of the disease, the model estimated that an additional 5.1 per
cent of the patient population would be free of osteomyelitis if LeukoScan� were used
for diagnosis compared with technetium-99m labelled HMPAO WBC scanning or
gallium-67 scanning (Table 21). In patients with diabetic foot ulcer, it is estimated that an
additional 6.8 per cent of the population would be free of osteomyelitis when
LeukoScan� is used for diagnosis, compared with technetium-99m labelled HMPAO
WBC scanning or gallium-67 scanning (Table 22).
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Table 21 Effectiveness of diagnostic procedures calculated in the economic model for patients with
suspected osteomyelitis of the long bones or feet

Row Comparison Reference LeukoScan® Technetium-
99m labelled
HMPAO WBC
scanning or
gallium-67
scanning

Incremental

A Patients with osteomyelitis Table 16 0.341 (30/88) 0.341 (30/88)
B Sensitivity of diagnostic procedure Table 16 0.767 (23/30) 0.567 (17/30) 0.200
C Patients detected with osteomyelitis A × B 0.261 (23/88) 0.193 (17/88) 0.068
D Patients cured of osteomyelitis C × 75% 0.196 0.145 0.051
E Patients free from osteomyelitis D + (1 – A) 0.855 0.804 0.051
Abbreviations: HMPAO, hexamethylpropyleneamine oxime; WBC, white blood cell.

Table 22 Effectiveness of diagnostic procedures calculated in the economic model for patients with
diabetic foot ulcers who are suspected of having osteomyelitis

Row Comparison Reference LeukoScan® Technetium-
99m labelled
HMPAO WBC
scanning or
gallium-67
scanning

Incremental

A Patients with osteomyelitis Table 16 0.676 (75/111) 0.676 (75/111)
B Sensitivity of diagnostic procedure Table 16 0.920 (69/75) 0.787 (59/75) 0.133
C Patients detected with osteomyelitis A × B 0.622 (69/111) 0.532 (59/111) 0.090
D Patients cured of osteomyelitis C × 75% 0.466 0.399 0.068
E Patients free from osteomyelitis D + (1 – A) 0.791 0.723 0.068
Abbreviations: HMPAO, hexamethylpropyleneamine oxime; WBC, white blood cell.

Cost-effectiveness

The cost-effectiveness of LeukoScan� was found to be relatively consistent between the
patient populations. Also, the incremental cost-effectiveness ratios were not influenced
greatly by which comparator was used. This was because the effectiveness of technetium-
99m labelled HMPAO WBC and gallium-67 scanning were assumed to be equivalent,
and the costs of these two procedures were similar.

The incremental cost of LeukoScan� per additional disease-positive patient free of
osteomyelitis of the long bones or feet was $24,056, compared with technetium-99m
labelled HMPAO WBC scanning, and $23,179 compared with gallium-67 scanning.

The incremental costs of LeukoScan� per additional patient free of osteomyelitis with
diabetic foot ulcer were $26,348 and $25,684 compared with technetium-99m labelled
HMPAO WBC scanning and gallium-67 scanning, respectively.

Table 23 presents the incremental cost-effectiveness ratios for patients with suspected
osteomyelitis of the long bones or feet, while Table 24 presents these ratios for patients
with diabetic foot ulcers who are suspected of having osteomyelitis.
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Table 23 Incremental cost-effectiveness of LeukoScan® in patients with suspected osteomyelitis of the
long bones or feet

Comparison LeukoScan® Comparator Incremental
LeukoScan® vs technetium-99m labelled HMPAO WBC scanning
Total costs $5761 $4531 $1230
Patients free from osteomyelitis 0.855 0.804 0.051
Incremental cost per additional patient free from osteomyelitis $24,056
LeukoScan® vs gallium-67 scanning
Total costs $5761 $4576 $1185
Patients free from osteomyelitis 0.855 0.804 0.051
Incremental cost-per additional patient free from osteomyelitis $23,179
Abbreviations: HMPAO, hexamethylpropyleneamine oxime; WBC, white blood cell.

Table 24 Incremental cost-effectiveness of LeukoScan® in patients with diabetic foot ulcers who are
suspected of having osteomyelitis

Comparison LeukoScan® Comparator Incremental
LeukoScan® vs technetium-99m labelled HMPAO WBC scanning
Total costs $9286 $7506 $1780
Patients free from osteomyelitis 0.791 0.723 0.068
Incremental cost per additional patient free from osteomyelitis $26,348
LeukoScan® vs gallium-67 scanning
Total costs $9286 $7551 $1735
Patients free from osteomyelitis 0.791 0.723 0.068
Incremental cost per additional patient free from osteomyelitis $25,684
Abbreviations: HMPAO, hexamethylpropyleneamine oxime; WBC, white blood cell.

Sensitivity analyses

Sensitivity analyses were conducted to test the effect of changing key variables on the
incremental costs and benefits of LeukoScan� relative to the main comparators (Table
25 and Table 26). Changing the true prevalence of disease in the model population
affected the total number of patients detected with the disease and consequently the
incremental benefit of LeukoScan�. In addition, changes in the prevalence affected the
costs associated with the poorer specificity of LeukoScan� in patients with diabetic foot
ulcer. The sensitivity analysis showed that the cost-effectiveness of LeukoScan�

improved as the prevalence of the disease increased. This suggests that the cost-
effectiveness analysis may be biased in favour of LeukoScan�, given that the clinical trials
potentially overestimate the prevalence of disease in normal clinical practice.

The total cost of treatment associated with a positive diagnosis and the probability that
the treatment is successful also affected the cost-effectiveness of LeukoScan�.

Analyses were conducted using fees for Medicare services recommended by the AMA.
These analyses were performed due to uncertainty with respect to whether the MBS fees
(as used in the base case) are representative of the total fee being paid in the community.
The AMA fees are consistently greater than the MBS fees, suggesting that the base case
MBS fees might not have captured the total cost, including patient out-of-pocket
payments, of the services. In these analyses, the cost-effectiveness of LeukoScan�
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improved compared with the base case. However, these analyses might be biased in
favour of LeukoScan� because there is the potential that the AMA recommended fee for
LeukoScan� would be greater than the proposed MBS fee used in these analyses.

Table 25 Sensitivity analysis of patients with suspected osteomyelitis of the long bones or feet

Incremental cost of LeukoScan® per additional patient free of
osteomyelitis

Analysis

LeukoScan® compared with
technetium-99m labelled HMPAO

WBC scanning

LeukoScan® compared with gallium-
67 scanning

Base case $24,056 $23,179
True prevalence of osteomyelitis in model
population (34% in base case)

Decreased to 20% $30,445 $28,950
Decreased to 30% $25,293 $24,296
Increased to 40% $22,717 $21,969
Increased to 50% $21,171 $20,573

Total cost per patient referred for treatment
($11,241.27 in base case)

Decreased by 50% ($5621) $16,562 $15,685
Decreased by 25% ($8431) $20,309 $19,432
Increased by 25% ($14,052) $27,803 $26,926
Increased by 50% ($16,862) $31,550 $30,673

Proportion of patients with osteomyelitis who are
cured after treatment (75% in base case)

Decreased to 50% $36,084 $34,768
Increased to 100% $18,042 $17,384

Cost of Medicare services based on AMA
schedule fees (MBS schedule fees in base casea

$21,331 $20,060

Follow-up costs applied to patients not detected
with osteomyelitis ($0 in base case)

$1,000 per patient $22,723 $21,861
$5,000 per patient $17,390 $16,524
$10,000 per patient $10,723 $9853

aTechnetium-99m labelled HMPAO WBC scan = $455 and gallium-67 scan = $520 (Reference: AMA).
Abbreviations: AMA, Australian Medical Association; HMPAO, hexamethylpropyleneamine oxime; MBS, Medical Benefits Scheme; WBC, white
blood cell.
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Table 26 Sensitivity analysis of patients with diabetic foot ulcers who are suspected of having osteomyelitis
Incremental cost of LeukoScan® per additional patient free of

osteomyelitis
Analysis

LeukoScan® compared with
technetium-99m labelled HMPAO

WBC scanning

LeukoScan® compared with
gallium-67 scanning

Base case $26,348 $25,684
True prevalence of osteomyelitis in model
population (68% in base case)

Decreased to 50% $33,630 $32,733
Decreased to 60% $28,962 $28,214
Increased to 70% $25,627 $24,986
Increased to 80% $23,127 $22,566

Total cost per patient referred for treatment
($11,241.27 in base case)

Decreased by 50% ($5621) $16,605 $15,941
Decreased by 25% ($8431) $21,476 $20,813
Increased by 25% ($14,052) $31,219 $30,555
Increased by 50% ($16,862) $36,090 $35,426

Proportion of patients with osteomyelitis who are
cured after treatment (75% in base case)

Decreased to 50% $39,521 $38,525
Increased to 100% $19,761 $19,263

Cost of Medicare services based on AMA
schedule fees (MBS schedule fees in base case)a

$24,285 $23,323

Follow-up costs applied to patients not detected
with osteomyelitis ($0 in base case)

$1,000 per patient $25,014 $24,375
$5,000 per patient $19,681 $19,036
$10,000 per patient $13,014 $12,363

aTechnetium-99m labelled HMPAO WBC scan = $455 and gallium-67 scan = $520 (Reference: AMA).
Abbreviations: AMA, Australian Medical Association; HMPAO, hexamethylpropyleneamine oxime; MBS, Medical Benefits Scheme; WBC, white
blood cell.

Discussion of cost-effectiveness

The incremental cost-effectiveness ratio calculated in the economic evaluation is not
based on a final health outcome. This makes it difficult to compare the cost-effectiveness
of LeukoScan� reliably with interventions in other therapeutic areas. Comparisons with
other health care interventions can typically be made only when the effect of treatment is
represented as a final health outcome such as life-years gained or QALYs gained.

The economic evaluation did not use a final health outcome because of the uncertainty
regarding the clinical effectiveness parameters on which any estimate of final health
outcomes would be based. Modelling to final health outcomes using epidemiological data
was considered unnecessary, given the lack of evidence indicating superior accuracy for
LeukoScan�. The economic evaluation presented here used a surrogate health outcome
of additional patients free of osteomyelitis. To determine whether LeukoScan� could
offer reasonable value-for-money, the incremental cost of LeukoScan� per additional
patient free of osteomyelitis was considered against the costs and consequences of
patients not free of osteomyelitis.
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Potential costs for patients with osteomyelitis include hospitalisation costs and the cost
of long-term antimicrobial therapy. Patients with osteomyelitis can be hospitalised for
surgery and other complications, including amputation. The cost of these hospitalisations
on the health care system range from $4595 to $18,544 (Table 27).

Table 27 Costs associated with hospitalisation for osteomyelitis

Description of hospitalisation Number of separations
with osteomyelitis as the

principal diagnosis

Cost per
separation

Reference

Amputation 781 18,544 AR-DRG v5 Item number I64A
Infect/Inflam of bone & joint w misc
musc sys & conn tiss procs w catastr cc 634 16,782

AR-DRG v5 Item number I64B

Infect/inflam of bone & joint w misc
musc sys & conn tiss procs w severe cc 157 8232

AR-DRG v5 Item number I12A

Infect/inflam bone & joint w misc musc
sys & conn tiss proc w/o cat or sev cc 152 4595

AR-DRG v5 Item number I12B

Osteomyelitis A < 65 + Cscc/A > 64 204 7020 AR-DRG v5 Item number I12C
Osteomyelitis A < 65 – Cscc 24 2929 AR-DRG v5 Item number I07Z
Total 1952

Abbreviations: AR-DRG, Australian-Refined Diagnosis-Related Group (published in the National Hospital Cost Data Collection Hospital
Reference Manual version 5).

Interrogation of the clinical profiles for public and private hospitals (AR-DRG v5.0 and
AR-DRG v5.2, 2000–01) revealed that there were 3082 hospitalisations in Australia in
which osteomyelitis was the principal diagnosis. Of these hospitalisations, 70.5 per cent
were for general osteomyelitis admissions, 27.6 per cent were for surgical intervention
(not amputation) and the remaining 1.8 per cent were for amputation (Figure 5).

Infect/Inflam Bone & Joint 
W Misc Musc Sys & Conn 
Tiss Proc W/O Cat or Sev 

CC
16%

Osteomyelitis 
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Severe CC
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Figure 5 Hospitalisations for osteomyelitis by description of hospitalisation
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Given that only a proportion of all patients with osteomyelitis are hospitalised, it is
unlikely that the cost of hospitalisations avoided would offset the incremental cost of
LeukoScan� per additional patient free of osteomyelitis (approximately $25,000).
However, other benefits of avoiding osteomyelitis include lower treatment costs for
chronic osteomyelitis and improved health outcomes associated with avoiding
amputation and surgical intervention.

Comparing the cost and consequences of illnesses in other therapeutic areas may help to
put the incremental cost of LeukoScan� per additional patient free of osteomyelitis into
perspective. Shiell and Law (2001) estimated that preventing a single case of hepatitis C
would release health care resources valued at approximately $6000. For LeukoScan� to
be considered cost-neutral, it would need to release resources associated with
downstream osteomyelitis management to the value of approximately $25,000. This
seems unlikely given that prevention of hepatitis C releases costs of only $6000 per
patient. Given that LeukoScan� is not a cost-neutral intervention, the additional costs
need to be considered against the additional number of patients free of osteomyelitis and
the consequent better health outcomes.

Kinlay (1996) estimated the incremental cost of coronary angioplasty was $10,930–
$12,682 per additional patient free of angina. This suggests that the cost and
consequences of osteomyelitis would have to be approximately double those of angina
for LeukoScan� to be as cost-effective as coronary angioplasty.

The review of effectiveness presented earlier in this report found that there was no
evidence of superiority of LeukoScan� relative to the main comparator. Therefore a
formal cost-effectiveness analysis on the basis of this conclusion would show that
LeukoScan� is a dominated intervention, because it has greater costs without providing
additional benefits. The economic analysis conducted above calculated incremental cost-
effectiveness ratios based on a nominally better accuracy for LeukoScan� compared with
technetium-99m labelled HMPAO WBC scanning. These analyses showed that the
incremental cost of LeukoScan� per additional patient free of osteomyelitis was greater
than the cost of treating a patient with osteomyelitis. In addition, the cost-effectiveness
of LeukoScan� did not compare favourably with that of coronary angioplasty.

Aggregate financial impact of LeukoScan®

Consistent with the perspective of this assessment report, the following calculations of
the aggregate financial implications of LeukoScan® are based on it’s TGA approved
indication. That is, the financial implications are based on listing LeukoScan® for:

•  adult patients with suspected osteomyelitis in the long bones or feet; and

•  adult patients with suspected osteomyelitis and diabetic foot ulcers.

It is estimated that LeukoScan� would cost the MBS up to a total of $120,082–$188,915
in the first year of listing, increasing to $265,705–$418,010 by the third year of listing.
However, there would be fewer gallium-67 and technetium-99m labelled HMPAO WBC
scans as a result of introducing LeukoScan�. Therefore, the net impact of introducing
LeukoScan� on the MBS was estimated to be $67,462–$106,131 in the first year of listing
and $149,272–$232,048 by the third year of listing. The impact of LeukoScan� across the
entire health care budget was estimated to be $219,460–$345,256 in the first year,
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increasing to $485,956–$763,944 in the third year of listing. It should be noted that the
recommended restrictions are likely to reduce these amounts.

The following assumptions were used to derive the estimated financial impact for
LeukoScan�.

•  Advice from the supporting committee indicated that the annual number of
patients presenting for diagnosis across each of the indications considered in this
review is between 1284 and 2020.

•  The supporting committee also advised that 60 per cent of these patients would
present with suspected osteomyelitis of the long bones or feet. The remaining 40
per cent of this population would be presenting with diabetic foot ulcer.

•  It was assumed that the patient population will grow by 3.1 per cent per annum.
This is in line with the growth in recent years in the total number of similar
procedures being performed on the MBS. It was also assumed that the availability
of LeukoScan� would not result in any additional growth in the number of
patients presenting for this diagnostic procedure. It is unlikely that the use of
LeukoScan� would improve access to diagnostic scanning for patients with
suspected osteomyelitis in rural or remote areas of Australia. While the access
associated with LeukoScan� is better than that of technetium-99m labelled
HMPAO WBC scanning, it is no different from that of gallium-67 scanning.
Patients with accessibility problems that potentially preclude the use of
technetium-99m labelled HMPAO WBC scans are already likely to receive
gallium-67 scans. Hence, the introduction of LeukoScan� was considered unlikely
to result in more patients being scanned.

•  The total financial impact was based on advice from the applicant indicating that
LeukoScan� would be used in 12 per cent of the eligible patient population in the
first year of listing and in 25 per cent of eligible patients in subsequent years.

•  The net financial impact assumed that 58 per cent of patients using LeukoScan�

would have otherwise received gallium-67 scans and 42 per cent of patients using
LeukoScan� would have otherwise received technetium-99m labelled HMPAO
WBC scans. This was based on Health Insurance Commission (HIC) data
indicating the relative use of gallium-67 and technetium-99m labelled HMPAO
WBC scans.

•  The costs per patient were based on those estimated by the economic model.

•  The results of the financial implications are calculated from two different
perspectives: the MBS budget perspective and the total health care perspective.

The aggregate financial implications of LeukoScan� are calculated in Table 28 to Table
32. Table 28 estimates the size of the eligible patient population and the estimated extent
of use of LeukoScan� in this population. The costs per patient using LeukoScan� are
based on those estimated in the economic model (Table 29).
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Table 28 Total eligible population and estimated extent of use of LeukoScan®

Row Parameter Reference Year 1 Year 2 Year 3
A Total eligible patient population

(patients with suspected
osteomyelitis of the long bones
or feet, including those with
diabetic foot ulcer)

Supporting
committee, with

growth rate based
on HIC data

1284–2020 1323–2082 1364–2145

B Proportion of eligible population
with suspected osteomyelitis of
the long bones or feet

Supporting
committee

60% 60% 60%

C Total eligible population of
patients with suspected
osteomyelitis of the long bones
or feet

C = A × B 770–1212 794–1249 818–1287

D Proportion of patients in eligible
population using LeukoScan® a

Applicant 12% 25% 25%

E Total number of patients with
suspected osteomyelitis of the
long bones or feet who will
receive LeukoScan®

E = C × D 92–145 198–312 205–322

F Proportion of eligible population
with diabetic foot ulcer

Supporting
committee

40% 40% 40%

G Total eligible population of
patients with diabetic foot ulcer

G = A × F 514–808 529–833 545–858

H Proportion of patients in eligible
population using LeukoScan® a

Applicant 12% 25% 25%

I Total number of patients with
diabetic foot ulcers who will
receive LeukoScan®

I = G × H 62–97 132–208 136–215

aAlthough the applicant suggests a take-up rate for only the first and second year, it has been assumed that the second year’s take-up rate also
applies in the third year.
Abbreviation: HIC, Health Insurance Commisiion.

Table 29 Per patient component costs of scanning and treatment

Row Parameter Reference LeukoScan® Gallium-67 scans Technetium-99m
labelled HMPAO

WBC scan
Patients with suspected osteomyelitis of the long bones or feet
A Total health care costs Table 23 $5761.28 $4575.98 $4531.13
B Cost of scan (MBS) Table 17 $779.35 $360.50 $315.65
C Other health care costs C = A – B $4,981.93 $4,215.48 $4,215.48
Patients with suspected osteomyelitis in patients with diabetic foot ulcers
E Total health care costs Table 24 $9286.26 $7550.86 $7506.01
F Cost of scan (MBS) Table 17 $779.35 $360.50 $315.65
H Other health care costs H = E – F $8,506.91 $7,190.36 $7,190.36
Abbreviations: HMPAO, hexamethylpropyleneamine oxime; MBS, Medical Benefits Scheme; WBC, white blood cell.

The aggregate cost of LeukoScan� and the aggregate substituted expenditures associated
with reduced numbers of gallium-67 and technetium-99m labelled HMPAO WBC scans
are presented in Table 30 and Table 31, respectively.
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Table 30 Aggregate costs associated with LeukoScan®

Ro
w

Parameter Reference Year 1 Year 2 Year 3

Patients with suspected osteomyelitis of the long bones or feet
A Number of LeukoScan®

procedures
Table 28 92–145 198–312 205–322

B Cost of LeukoScan® to the
MBS

A × $779.35
(Table 29)

$72,049–113,349 $154,693–243,364 $159,423–250,806

C Other health care costs A ×
$4981.93
(Table 29)

$460,569–724,571 $988,860–1,555,682 $1,019,097–
1,603,253

D Total health care costs A ×
$5761.28
(Table 29)

$532,618–837,920 $1,143,552–
1,799,046

$1,178,520–
1,854,058

Patients with suspected osteomyelitis and diabetic foot ulcers
E Number of LeukoScan®

procedures
Table 28 62–97 132–208 136–215

F Cost of LeukoScan® to the
MBS

E × $779.35
(Table 29)

$48,033–75,566 $103,128–162,243 $106,282–167,204

G Other health care costs E ×
$8506.91
(Table 29)

$524,298–824,830 $1,125,687–
1,770,941

$1,160,109–
1,825,093

H Total health care costs E ×
$9286.26
(Table 29)

$572,331–900,395 $1,228,816–
1,933,183

$1,266,391–
1,992,297

Total eligible population
I Number of LeukoScan®

procedures
A + E 154–242 330–520 341–537

J Cost of LeukoScan® to the
MBS

B + F $120,082–188,915 $257,821–405,607 $265,705–418,010

K Other health care costs C + G $984,867–1,549,401 $2,114,547–
3,326,623

$2,179,206–
3,428,346

L Total health care costs D + H $1,104,949–
1,738,315

$2,372,368–
3,732,229

$2,444,911–
3,846,355

Abbreviations: MBS, Medical Benefits Scheme.
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Table 31 Aggregate substituted expenditures

Ro
w

Parameter Reference Year 1 Year 2 Year 3

Patients with suspected osteomyelitis of the long bones or feet
A Number of LeukoScan®

procedures
Table 28 92–145 198–312 205–322

B Proportion of gallium-
67 scans that are
substituted

Supporting
committee

58% 58% 58%

C Proportion of
technetium-99m
labelled HMPAO WBC
scans that are
substituted

Supporting
committee

42% 42% 42%

D Costs of diagnostic
procedures substituted
by LeukoScan®

($360.50 × A × B)
+ ($315.65 × A ×

C)

$31,572 -$49,670 $67,787–106,643 $69,860–109,904

E Other health care costs
substituted by
LeukoScan®

($4215.48 × A × B)
+ ($4215.48 × A ×

C)

$389,712–613,099 $836,727–
1,316,347

$862,313–
1,356,598

F Total health care costs
substituted by
LeukoScan®

($4575.98 × A × B)
+ ($4531.13 × A ×

C)

$421,285–662,769 $904,515–
1,422,990

$932,173–
1,466,503

Patients with suspected osteomyelitis and diabetic foot ulcers
G Number of LeukoScan®

procedures
Table 28 62–97 132–208 136–215

H Proportion of gallium-
67 scans that are
substituted

Supporting
committee

58% 58% 58%

I Proportion of
technetium-99m
labelled HMPAO WBC
scans that are
substituted

Supporting
committee

42% 42% 42%

J Costs of diagnostic
procedures substituted
by LeukoScan®

($360.50 × G × H)
+ ($315.65 × G × I)

$21,048–33,113 $45,191–71,096 $46,573–73,270

K Other health care costs
substituted by
LeukoScan®

($7190.36 × G ×
H) + ($7190.36 × G

× I)

$443,156–697,177 $951,474–
1,496,867

$980,568–
1,542,638

L Total health care costs
substituted by
LeukoScan®

($7550.86 × G ×
H) + ($7506.01 × G

× I)

$464,205–730,291 $996,665–
1,567,962

$1,027,141–
1,615,908

Abbreviations: HMPAO, hexamethylpropyleneamine oxime; MBS, Medical Benefits Scheme; WBC, white blood cell.

The net financial implications of LeukoScan� are presented in Table 32. The net
financial impact associated with the diagnostic procedures alone ranged from $67,462 in
the first year of listing to $232,048 in the third year of listing. The net impact of
LeukoScan� was greater for the total health care budget ($219,460–$763,944) due to the
treatment costs associated with a greater number of patients being initiated on treatment
when LeukoScan� is used for diagnostic scanning.
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Table 32 Net financial impact of LeukoScan®

Row Parameter Year 1 Year 2 Year 3
Patients with suspected osteomyelitis of the long bones or feet

A Cost of diagnostic procedures $40,477–63,679 $86,905–136,720 $89,563–140,901
B Other health care costs $70,857–111,473 $152,132–239,336 $156,784–246,654
C Total health care costs $111,334–175,151 $239,038–376,056 $246,347–387,555

Patients with suspected osteomyelitis and diabetic foot ulcers
D Cost of diagnostic procedures $26,985–42,452 $57,937–91,147 $59,709–91,147
E Other health care costs $81,141–127,652 $174,213–274,074 $179,541–282,455
F Total health care costs $108,126–170,105 $232,150–365,221 $239,249–376,389

Total eligible population
G Cost of LeukoScan® to the

MBS
$67,462–106,131 $144,842–227,867 $149,272–232,048

H Other health care costs $151,998–239,125 $326,345–513,410 $336,325–529,109
I Total health care costs $219,460–345,256 $471,188–741,277 $485,596–763,944

Abbreviations: MBS, Medical Benefits Scheme.
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Conclusions

Safety

Adverse events

LeukoScan� appears to be well tolerated. Adverse events observed in Study 07 and Study
08 occurred at a relative low frequency and, given the clinical course of the underlying
disease, were considered unrelated to LeukoScan� administration. Furthermore, no
induction of human anti-mouse antibodies (HAMA) was reported in any patient in Study
07 and Study 08, and the clinical laboratory data revealed no clinically significant changes
in haematological parameters following LeukoScan� administration.

In the peer-reviewed publications, safety data were generally poorly reported. However,
the available published data also suggest that the level of adverse events and probability
of inducing a HAMA response following LeukoScan� administration are both low.

No adverse event data were reported in any of the studies of technetium-99m stannous
colloid labelled white blood cell (WBC) scanning or gallium-67 scanning included in the
safety evaluation. Therefore, the relative safety of LeukoScan� and the comparators
could not be assessed.

Blood handling

LeukoScan� and gallium-67 scanning both require a single injection. Neither of these
procedures requires blood handling. In contrast, technetium-99m stannous colloid
labelled WBC scanning requires two injections and the handling of patient’s blood.
Therefore, the technetium-99m stannous colloid procedure is associated with a greater
potential risk of needlestick injury for health care workers and misadministration errors
for patients. It should be noted that, given the extremely low rates of these events, this
safety advantage appears to be marginal.

Exposure to radiation

Exposure to high levels of ionising radiation has been linked with the theoretical
possibility of cancer induction and the development of hereditary defects. However
diagnostic imaging agents only emit low dose ionising radiation, and to date, have not
been linked to any long-term complications when used in the imaging of infection.
Nevertheless, it is recognised that ionising radiation doses should be kept as low as
possible. As the radiopharmaceuticals labelled with technetium are associated with a
lower radiation dose per patient than those labelled with gallium, LeukoScan� and
technetium-99m stannous colloid labelled WBC scanning both have a theoretical safety
advantage over gallium-67 citrate scanning.
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Effectiveness

Diagnostic accuracy

There are no head-to-head studies of LeukoScan� and technetium-99m stannous colloid
labelled WBC scanning or gallium-67 scanning. Furthermore, data were not available to
perform an indirect comparison of LeukoScan� with technetium-99m stannous colloid
labelled WBC scanning or LeukoScan� with gallium-67 scanning in patients with
suspected osteomyelitis of the long bones and feet, including those with diabetic foot
ulcers. Consequently, a comparison of the diagnostic performance of these testing
modalities could not be made. In other words, the comparative diagnostic performance
of these diagnostic tests remains uncertain.

To aid in the decision-making process, an analysis was undertaken of trials reporting a
direct comparison of the diagnostic accuracy of LeukoScan� with indium-111 and
technetium-99m labelled hexamethylpropyleneamine oxime (HMPAO) WBC scanning in
the patient population defined by the Therapeutic Goods Administration (TGA)
approved indication.

In patients with diabetic foot ulcers, the diagnostic accuracy of LeukoScan� compared
with indium-111 and technetium-99m labelled HMPAO WBC scanning was not
significantly different (81 and 75 per cent, respectively). However, in this patient
population, LeukoScan� has a significantly higher sensitivity (92 per cent) than
indium-111 or technetium-99m labelled HMPAO WBC scanning (79 per cent; p < 0.05),
but the specificity of the LeukoScan� test was lower than indium-111 or technetium-99m
labelled HMPAO WBC scanning (58 and 67 per cent, respectively). It should be noted
that these differences might simply be a function of the threshold at which a positive
diagnosis is made.

In patients with suspected osteomyelitis of the long bones, the diagnostic accuracy of
LeukoScan� compared with indium-111 or technetium-99m labelled HMPAO WBC
scanning was not significantly different (73.9 and 67.0 per cent, respectively). Similarly,
the sensitivity for disease detection of LeukoScan� compared with indium-111 or
technetium-99m labelled HMPAO WBC scanning was not significantly different in these
patients (76.7 and 56.7 per cent, respectively; p = 0.07). In this patient group, the
specificities of the diagnostic modalities were equal (72.4 per cent).

It is important to note that the data reported in these trials were based on a non-
independent, on-site assessment of LeukoScan� and WBC scanning (Harwood et al 1999;
Study 08). In this setting, the authors note that the on-site clinician “may have had access
to the results of the WBC scans for some patients” when interpreting the LeukoScan�

results. This is likely to undermine the comparative analysis of LeukoScan� and indium-
111 and technetium-99m labelled HMPAO WBC scanning.

Change in clinical management

There are no head-to-head studies that report changes in clinical management associated
with LeukoScan� and technetium-99m stannous colloid labelled WBC scanning or
gallium-67 scanning. Furthermore, data were not available to perform an indirect
comparison of LeukoScan� with technetium-99m stannous colloid labelled WBC
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scanning or LeukoScan� with gallium-67 scanning in patients with suspected
osteomyelitis of the long bones and feet, including those with diabetic foot ulcers.
Consequently, a comparison of the effect of these testing modalities on clinical
management could not be performed. In other words, the comparative effect of these
diagnostic tests on clinical management remains uncertain.

Data were not available to perform a direct comparison of the effect on clinical
management of LeukoScan� with indium-111 and technetium-99m labelled HMPAO
WBC scanning in patients with suspected osteomyelitis of the long bones and feet,
including those with diabetic foot ulcers.

Delineation of the treatment of osteomyelitis is difficult for several reasons: debridement
obscures the impact of antibiotics, the clinical situations and pathogens associated with
the disease are heterogeneous, years of follow-up may be necessary to demonstrate
sustained remission, and many of the studies of antibiotic therapy have enrolled only
small numbers of patients.

However, it is known that the best clinical outcomes are achieved when there is early
diagnosis and prompt initiation of antibiotic therapy, before extensive destruction of the
bone (Carek et al 2001). If osteomyelitis is detected early enough and antibiotic therapy is
successful, surgical debridement of the bone and surrounding tissue is not always
necessary.

Based on expert opinion, if a false-negative diagnosis is made this may delay appropriate
clinical management of the patient. The possible implications of a false-negative
diagnosis for the clinical management of patients with osteomyelitis are as follows.

•  No change in management.

•  Surgical debridement where none would be required if the infection had been
promptly detected and successfully treated, or more extensive surgical
debridement than otherwise required. The resultant ‘dead space’ must then be
managed and, if necessary, the bone must be stabilised. Dead space management
may include local myoplasty, free-tissue transfers and the use of antibiotic-
impregnated beads or cement. In patients with osteomyelitis associated with a
prosthetic device, the prosthesis may have to be removed, followed by surgical
debridement, packing of the dead space (eg, with antibiotic-impregnated beads or
myoplasty) and, if infection is cleared, prosthetic replacement.

•  In more severe cases, a delay in the clinical management of a patient may require
the amputation of the affected limb or extremity (eg, the diabetic foot).

Based on expert opinion, if a false-positive diagnosis is made, the patient is likely to
receive unnecessary and intensive antimicrobial treatment. The antimicrobial therapy
chosen for treatment of the osteomyelitis is dependent on the microbial aetiology of the
infection and the in vitro antibiotic susceptibility profile of the pathogen detected. In
general, patients in Australia are treated with a course of parenteral antibiotics while in
hospital, followed by a period of ‘hospital in the home’ care where parenteral antibiotic
therapy is completed. If necessary, the patient may then be treated with a course of oral
antibiotic therapy. However, in the case of a false-positive diagnosis (eg, a patient with a
soft-tissue infection but no underlying osteomyelitis), it is likely that the patient will be
‘cured’ earlier in this intensive treatment programme than if they had true osteomyelitic
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disease. Some patients may have limited removal of healthy bone in an attempt to
confirm the diagnosis.

Change in clinical outcomes

There are no head-to-head studies that report changes in clinical outcomes associated
with LeukoScan� and technetium-99m stannous colloid labelled WBC scanning or
gallium-67 scanning. Furthermore, it was not possible to perform an indirect comparison
of LeukoScan� with technetium-99m stannous colloid labelled WBC scanning or
LeukoScan� with gallium-67 scanning in patients with suspected osteomyelitis of the long
bones and feet, including those with diabetic foot ulcers. Consequently, a comparison of
the effect of these testing modalities on patient-relevant health outcomes could not be
performed. In other words, the comparative effect of these diagnostic tests on patient-
relevant clinical outcomes remains uncertain.

Data were not available to perform a direct comparison of the effect on patient-relevant
health outcomes of LeukoScan� and of indium-111 and technetium-99m labelled
HMPAO WBC scanning in patients with suspected osteomyelitis of the long bones and
feet, including those with diabetic foot ulcers.

As noted previously, delineation of the treatment of osteomyelitis is difficult for several
reasons. However, the best clinical outcomes in patients with osteomyelitis are generally
achieved when there is early diagnosis and prompt initiation of antibiotic therapy, before
extensive destruction of the bone (Carek et al 2001). If osteomyelitis is detected early
enough and antibiotic therapy is successful, surgical debridement of the bone and
surrounding tissue is not always necessary.

The implications of a false negative-diagnosis on clinical outcomes will depend on the
length of delay before the disease is detected and the aggressiveness of the osteomyelitic
infection. Based on expert opinion, the clinical outcomes associated with a false-negative
diagnosis may include the following.

•  No change in clinical outcome.

•  Removal of infected bone and surrounding tissue where none would be required
if the infection had been promptly detected and successfully treated, or more
extensive removal of infected bone and surrounding tissue than otherwise
required, with a resultant increase in morbidity and disability. In patients with
osteomyelitis associated with a prosthetic device, the prosthesis may have to be
removed, followed by surgical debridement, and prosthetic replacement. This
process would be associated with a marked increase in morbidity and temporary
or possible permanent disability.

•  Amputation, with a resultant increase in morbidity and disability.

•  In rare cases, a delay in the detection of osteomyelitis may have the potential to
cause death (eg, due to septicaemia, especially in immunocompromised patients).

The implications of a false-positive diagnosis on patient-relevant health outcomes are
likely to be less severe. They may include the following.
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•  Limited removal of healthy bone in an attempt to confirm the diagnosis, which
may be accompanied by an increase in morbidity.

•  Increased time in hospital and in ‘hospital in the home’ care for the
administration of parenteral antibiotics.

A false-positive diagnosis has implications with regards to resource use. These
implications are discussed in the economic sections of this report.

Cost-effectiveness

The review of effectiveness presented in this assessment found that there was no
evidence of superiority of LeukoScan� relative to the main comparator, gallium-67
scanning. Therefore a formal cost-effectiveness analysis on the basis of this conclusion
would show that LeukoScan� is a dominated intervention, because it has greater costs
without providing additional benefits.

An economic analysis calculated incremental cost-effectiveness ratios based on a
nominally better accuracy for LeukoScan� compared with technetium-99m labelled
HMPAO WBC scanning. The economic evaluation showed that LeukoScan� was most
cost-effective in patients with suspected osteomyelitis of the long bones or feet. In these
patients, LeukoScan� more accurately identified disease-positive patients than
technetium-99m labelled HMPAO WBC scanning, leading to an incremental cost of
$24,056 per additional patient free of osteomyelitis. In patients with diabetic foot ulcers
and suspected osteomyelitis, the incremental cost of LeukoScan� per additional patient
free of osteomyelitis was $26,348. These analyses indicate that the incremental cost of
LeukoScan� per additional patient free of osteomyelitis is greater than the cost of treating
a patient with osteomyelitis.
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Recommendation

LeukoScan� is safe and as effective as current methods of white blood cell scanning but
is more costly. MSAC recommends that additional funding is justified for patients who
do not have access to ex-vivo white blood cell scanning.

- The Minister for Health and Ageing accepted this recommendation on 8 August 2003 -
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Appendix A MSAC terms of reference and
membership

The MSAC's terms of reference are to:

•  advise the Minister for Health and Ageing on the strength of evidence pertaining
to new and emerging medical technologies and procedures in relation to their
safety, effectiveness and cost-effectiveness and under what circumstances public
funding should be supported;

•  advise the Minister for Health and Ageing on which new medical technologies
and procedures should be funded on an interim basis to allow data to be
assembled to determine their safety, effectiveness and cost-effectiveness;

•  advise the Minister for Health and Ageing on references related either to new
and/or existing medical technologies and procedures; and

•  undertake health technology assessment work referred by the Australian Health
Ministers’ Advisory Council (AHMAC) and report its findings to AHMAC.

The membership of the MSAC comprises a mix of clinical expertise covering pathology,
nuclear medicine, surgery, specialist medicine and general practice, plus clinical
epidemiology and clinical trials, health economics, consumers, and health administration
and planning:

Member Expertise or Affiliation
Dr Stephen Blamey (Chair) general surgery

Professor Bruce Barraclough general surgery

Professor Syd Bell pathology

Dr Paul Craft clinical epidemiology and oncology

Professor Jane Hall health economics

Dr Terri Jackson health economics

Ms Rebecca James consumer health issues

Professor Brendon Kearney health administration and planning

Associate Professor Richard King internal medicine

Dr Ray Kirk health research

Dr Michael Kitchener nuclear medicine

Mr Lou McCallum consumer health issues

Dr Ewa Piejko general practice

Professor John Simes clinical epidemiology and clinical trials

Mr Chris Sheedy Assistant Secretary, Diagnostics and Technology Branch,
Commonwealth Department of Health and Ageing

Professor Richard Smallwood Chief Medical Officer,
Commonwealth Department of Health and Ageing

Dr Robert Stable Australian Health Ministers’ Advisory Council representative
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Professor Bryant Stokes neurological surgery

Professor Ken Thomson radiology

Dr Douglas Travis urology
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Appendix B Supporting committee

Supporting Committee for MSAC application 1056
LeukoScan® for use in diagnostic imaging of the long bones and feet in patients
with suspected osteomyelitis, including those with diabetic foot ulcers

Professor John Simes (Chair)
MD, SM, FRACP
Senior Principal Research Fellow and Director,
NHMRC Clinical Trials Centre
Professor of Clinical Epidemiology, NHMRC Clinical
Trials Centre and Department of Public Health and
Community Medicine, University of Sydney
Medical Oncologist, Royal Prince Alfred Hospital

MSAC member

Dr Miles Beaman
MBBS, FRACP, FRCPA, FACTM
Infectious Diseases Physician, Freemantle Hospital
Head, Department of Microbiology, Western
Diagnostic Pathology

Nominated by the Australasian
Society of Infectious Diseases

Dr Luke Connelly
BA (Econ) MEconSt PhD
Associate Professor of Health Economics and
Assistant Director, National Centre of Research on
Disability and Rehabilitation Medicine (CONROD),
The University of Queensland

Co-opted member

Dr Barry Elison
MBBCh, FRACP
Director, Department of Nuclear Medicine,
Wollongong Hospital

Nominated by the Australia
and New Zealand Association
of Physicians in Nuclear
Medicine

Dr Kenneth Francis Hume
MBBS, FRCS (Ed), FRACS
Senior Fellow, Australian Orthopaedic Association

Nominated by the Australian
Orthopaedic Association

Dr Michael Kitchener
MBBS, FRACP
Senior Visiting Medical Specialist, Queen Elizabeth
Hospital

MSAC member
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Dr Ken Miles
MBBS, MSc (Nuclear Medicine), MD, FRCR
Specialist in Nuclear Medicine & Radiology,
Southernex Imaging Group, Queensland
Adjunct Professor, Centre for Medical, Health &
Environmental Physics, Queensland University of
Technology, Brisbane

Nominated by the Royal
Australian and New Zealand
College of Radiologists

Dr Janney Wale
PhD
Consumer representative

Nominated by the Consumers'
Health Forum
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Table 33
Levels of evidence and study characteristics

Comparator

111In oxine or
99mTc HMPAO
WBC scan

None

HMPAO WBC
scan; three-phase
bone scan

111In oxine or
99mTc HMPAO
WBC scan

111In oxine or
99mTc HMPAO
WBC scan
(results not
differentiated
between the two)

Reference
standard

Bone biopsy

Review of case
notes (WBC
count, ESR,
indium WBC
scan, culture of
blood and swabs
and operative
findings)

Variable:
radiography;
bacterio-logical;
histology; long-
term clinical
follow-up/
radiology
Bone biopsy

Variable:
histology,
cytology,
imaging, surgery
or follow-up

Comparator
n(ITT)
n(eval)

n = 130
n = 88

None

HMPAO WBC
n = 23 (32 foci)
n = 32 foci
Three-phase
bone scan
n = 23 (32 foci)
n = 30 foci
n = 150
n = 111

n = 53
n = 16 lesions

Reference
standard
n(eval)

n = 96

n = 47

n = 23 (32 foci)

n = 123

Variable
combination of
reference
standards used

Patient numbers

Reviewed test
n(ITT)
n(eval)

n = 130
n = 96

n = 55
n = 47

n = 23 (32 foci)
n = 32 foci

n = 150
n = 122

n = 53
n = 25 lesions
(21 patients)

Patient characteristics

Suspected
osteomyelitis of the
long bones

23 possible infected
TKR
3 total THR
8 internal fixation
device
4 septic arthritis
2 chronic osteomyelitis
2 infected fracture site
5 other
Patients with a low or
medium suspicion of
bone or joint
osteomyelitis

Suspected
osteomyelitis in patients
with diabetic foot ulcers

High index of suspicion
of having an abscess or
an inflammatory
process

Diagnostic
work-up

consistent
with

Australian
settinga

x

x

x

x

x

Quality
score

8

4

5

8

4

NHMRC

III-2

III-2

III-2

III-2

III-2

Level of Evidence

Bandolier
(2002)

4

4

4

4

4

First
author
(year)

LeukoScan����

Study 08b

Ryan
(2002)

Devillers
(2000)

Harwood
(1999)

Becker
(1996)

Comparator

Technetium-99m
stannous colloid
Three-phase bone
scan

99mTc HMPAO
WBC scan

None

Gallium-67
scanning
Plain radiography;
99mTc MDP;
111In;
99mTc MDP/111In

Gallium-67/ three-
phase bone scan
ratio
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Reference
standard

Operative culture
or long term clinical
follow-up

Histological studies

Bacteriological and
histological studies

Deep culture and
histology and/or
long-term clinical
follow-up

Bone biopsy or
histological
sections or
absence of clinical
infection at six-
month follow-up

Comparator
n(ITT)
n(eval)

n = 40
n = 30

n = 25
n = 25

None

Plain radiography
n = 22
n = 22
99mTc MDP
n = 22
n = 22
111In
n = 22
n = 22
99mTc/111In
n = 22
n = 22
Gallium-67/ three-
phase bone scan
ratio
n = 110
n = 126 sites

Reference
standard
n(eval)

n = 40

n = 25

n = 42

n = 22

n = 110 (126 sites)

Patient numbers

Reviewed test
n(ITT)
n(eval)

n = 40
n = 40

n = 25
n = 25

n = 42
n = 42

n = 22
n = 22

Gallium-67
background ratio
n = 110 (126 sites)
n = 126 sites

Patient characteristics

Painful joint prosthesis

Suspected
osteomyelitis

Septic loosening of an
endoprosthesis

Adult diabetics with
suspected osteomyelitis
of the foot or ankle

Patients with suspected
osteomyelitis

Diagnostic
work-up

consistent
with

Australian
settinga

x

nr

nr

x

x

Quality
score

9

6

6

9

5

NHMRC

III-2

4

4

III-2

III-2

Level of Evidence

Bandolier
(2002)

2

4

4

2

4

First author
(year)

Chik (1996)

Gutfilen
(1994)

Schroth
(1981)

Johnson
(1996

Sorsdahl
(1993

Comparator

Three-phase bone
scan; 99mTc MDP/
111In

Plain radiograph;
three-phase bone
scan; CT

Three-phase bone
scan

Three-phase bone
scan

Reference
standard

Biopsy and culture

Surgical proff of
active or inactive
disease

Bone biopsy or
histological
evaluation/ patient
follow-up

Surgery or bone
biopsy and culture
or clinical follow-up
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Comparator
n(ITT)
n(eval)

Three-phase bone
scan
n = 54
n = 46
99mTc MDP/ 111In
n = 54
n = 49

Plain radiograph
n = 27
n = 27
Three-phase bone
scan
n = 27
n = 27
CT
n = 27
n = 27

Three-phase bone
scan
n = 402
n = nr

Three-phase bone
scan
n = 149
n = 136

Reference standard
n(eval)

n = 54

n = 27

n = 402

n = 136

Patient numbers

Reviewed test
n(ITT)
n(eval)

n = 54
n = 45

n = 27
n = 27

n = 402
n = nr

n = 149
n = 136

Patient characteristics

Fracture-non-uniform

Patients with prior bone
infection

Patients with pressure
sores that had not
healed after two weeks
of localised care

Patients with prior bone
infections or old
fractures (with or
without infection)

Diagnostic
work-up

consistent
with

Australian
settinga

x

x

x

x

Quality
score

11

9

5

9

NHMRC

III-2

III-2

III-2

III-2

Level of Evidence

Bandolier
(2002)

4

4

4

4

First author
(year)

Seabold
(1989)

Tumeh
(1988)c

Sugarman
(1987)

Tumeh
(1986)c

Comparator

111In WBC; 99mTc
MDP bone scan;
plain radiography

None

Three phase bone
scan; 111In WBC

None

Reference
standard

Bacterial culture or
long-term clinical
follow-up

Biopsy, culture and
histopathological
examination

Needle biopsy and
culture or by open
surgery (+ve
patients) and
clinical follow-up (–
ve patients)

Local fluid or tissue
culture, blood
culture + localised
signs of bone pain
and tenderness;
biopsy, histology;
clinical evaluation

Abbreviations: CRP,
C-reactive protein;
ESR, erythrocyte
sedimentation rate;
eval, evaluable
patients; HMPAO
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Comparator
n(ITT)
n(eval)

111In WBC
n = 21
n = 21
99mTc MDP bone scan
n = 21
n = 21
Plain radiography
n = 21
n = 21
None

Three-phase bone scan
n = 57
n = 57
111In WBC
n = 57
n = 57

None

Reference standard
n(eval)

n = 21

n = 24

n = 57

n = 159

Patient numbers

Reviewed test
n(ITT)
n(eval)

n = 21
n = 21

Gallium-67/ 99mTc
MDPd

n = 24
n = 24

n = 57
n = 29

Gallium-67/ 99mTc
MDP
n = 500
n = 159

Patient characteristics

Patients with clinically
suspected subacute or
chronic bone infection
with radiological
abnormality

Post-traumatic fracture
non-union

Patients with suspected
osteomyelitis and
abnormal three-phase
bone scan

Patients having
suspected disease of
the bone, joint or
adjacent soft tissue

Diagnostic
work-up

consistent
with

Australian
settinga

✓

✓

✓

x

Quality
score

7

8

9

5

NHMRC

III-2

III-2

III-2

III-2

Level of Evidence

Bandolier
(2002)

4

4

4

4

First author
(year)

Al-Sheikh
(1985)

Esterhai
(1985)

Schauweker
(1984)

Rosenthall
(1982)
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Appendix D Literature search strategies

LeukoScan® Medline search strategy

The search strategy used to identify relevant studies of LeukoScan� in Medline is
presented in Table 34.

Table 34 LeukoScan® Medline search strategy

Keyword/search history Results
1 leukoscan.ti,ab. 14
2 sulesomab.ti,ab. 3
3 immu?mn3.ti,ab. 0
4 or/1–3 16
5 (anti?leu?ocyte or anti?granulocyte).tw. 249
6 (fab or (fragment adj antigen binding)).tw. 10,100
7 granulocyte antibody.tw. 53
8 or/5–7 10,384
9 exp antibodies, monoclonal/ 105,825
10 hybridomas/ 9447
11 or/9–10 109,334
12 or/8–11 117,126
13 12 and diabetic foot/ 3
14   12 and exp fractures/ 18
15 12 and bony callus/ 6
16 12 and osteomyelitis/ 41
17 12 and osteitis/ 1
18 12 and (diabet$ adj5 (foot or feet or ulcer$)).tw. 7
19 12 and osteomyelitis.ti,ab. 38
20 12 and osteitis.ti,ab. 4
21 or/13–20 74
22 or/4,21 83
23 limit 22 to yr=1990–2002 74
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LeukoScan® Embase search strategy

The search strategy used to identify relevant studies of LeukoScan� in Embase is
presented in Table 35.

Table 35 LeukoScan  Embase search strategy (1988–2002, week 32)

Keyword/search history Results
1 leukoscan.mp. 27
2 sulesomab.mp. 12
3 sulesomab Tc 99m/ 13
4 immu?mn3.mp. 0
5 or/1–4 32
6 (anti?leu?ocyte or anit?granuolcyte).ti,ab. 41
7 (fab or (fragment adj antigen binding)).tw. 6640
8 granulocyte antibody.tw. 49
9 or/6–8 6726
10 exp monoclonal antibody/ 78,684
11 exp radiopharmaceutical agent/ 38,208
12 or/10–11 115,553
13 or/9,12 120,582
14   13 and diabetic foot/ 25
15 13 and exp diabetes mellitus/ 1577
16 15 and exp foot disease/ 39
17 15 and exp skin ulcer/ 38
18 13 and (diabet$ adj5 (foot or feet or ulcer$)).tw. 48
19 13 and exp fracture/ 280
20 13 and exp osteomyelitis/ 413
21 13 and exp osteitis/ 456
22 13 and osteomyelitis.tw. 266
23 13 and osteitis.tw. 30
24 or/19–23 762
25 24 and 9 13
26 24 and 10 92
27 or/14,16–18,25–26 149
28 limit 27 to yr=1990–2004 141
29 28 and animal/ 0
30 28 and nonhuman/ 14
31 28 and exp animal/ 0
32 or/29–31 14
33 32 not human/ 6
34 28 not 33 135
35 from 34 keep 1–135 135
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Technetium-99m stannous colloid labelled WBC scanning Medline search strategy

The search strategy used to identify relevant studies of technetium-99m stannous colloid
labelled WBC scanning in Medline is presented in Table 36.

Table 36 Technetium-99m stannous colloid labelled WBC scanning Medline search strategy

Keyword/search history Results
1 technetium compounds/ 294
2 1 and (tin compounds/ or tin fluorides/) 62
3 technetium/ 17,332
4 3 and tin/ 406
5 tc-99m-sn colloid$.ti,ab. 8
6 tc-99m-tin colloid$.ti,ab. 22
7 (technetium adj5 (stannous or tin) adj3 colloid$).ti,ab. 42
8 ((tc or technetium) adj3 99m adj3 (stannous or sn or tin) adj3 colloid$).ti,ab. 72
9 (colloid$ or stannous).ti,ab. 15,101
10 or/2,4–9 15,342
11 10 and diabetic foot/ 1
12 10 and exp fractures/ 28
13 10 and bony callus/ 0
14 10 and osteomyelitis/ 20
15 10 and osteitis/ 1
16 10 and (diabet$ adj5 (foot or feet or ulcer$)).tw. 1
17 10 and osteomyelitis.ti,ab. 23
18 10 and osteitis.ti,ab. 1
19 or/11–18 51
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Technetium-99m stannous colloid labelled WBC scanning Embase search strategy

The search strategy used to identify relevant studies of technetium-99m stannous colloid
labelled WBC scanning in Embase is presented in Table 37.

Table 37 Technetium-99m stannous colloid labelled WBC scanning Embase search strategy

Keyword/search history Results
1 technetium tin colloid tc 99m/ 230
2 technetium tin fluoride tc 99m/ 3
3 tc-99m-sn colloid$.ti,ab. 9
4 tc-99m-tin colloid$.ti,ab. 20
5 (technetium adj5 (stannous or tin) adj3 colloid$).ti,ab. 33
6 ((tc or technetium) adj3 99m adj3 (stannous or sn or tin) adj3 colloid$).ti,ab. 77
7 (colloid$ or stannous).ti,ab. 13,655
8 or/1–7 13,743
9 8 and diabetic foot/ 0
10 8 and exp diabetes mellitus/ 91
11 10 and exp foot disease/ 0
12 10 and exp skin ulcer/ 0
13 8 and (diabet$ adj5 (foot or feet or ulcer$)).tw. 1
14 8 and exp fracture/ 22
15 8 and exp osteomyelitis/ 23
16 8 and exp osteitis/ 23
17 8 and osteomyelitis.ti,ab. 18
18 8 and osteitis.ti,ab. 1
19 or/9,11–18 47
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Gallium-67 scanning Medline search strategy

The search strategy used to identify relevant studies of gallium-67 scanning in Medline is
presented in Table 38.

Table 38 Gallium-67 scanning Medline search strategy

Keyword/search history Results
1 gallium/ 1334
2 exp gallium isotopes/ 3636
3 gallium citrate$.ti,ab,rn. 256
4 or/1–3 4756
5 4 and diabetic foot/ 3
6 4 and exp fractures/ 26
7 4 and bony callus/ 1
8 4 and osteomyelitis/ 161
9 4 and osteitis/ 7
10 4 and (diabet$ adj5 (foot or feet or ulcer$)).tw. 9
11 4 and osteomyelitis.ti,ab. 136
12 4 and osteitis.ti,ab. 8
13 or/5–12 208
14 limit 13 to (human and english language and yr=1980–2002 147
15 case report/ or letter.pt. or editorial.pt. 1,564,806
16 14 not 15 96
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Gallium-67 scanning Embase search strategy

The search strategy used to identify relevant studies of gallium-67 scanning in Embase is
presented in Table 39.

Table 39 Gallium-67 scanning Embase search strategy

Keyword/search history Results
1 gallium citrate/ 56
2 gallium citrate ga 67/ 1683
3 gallium/ 868
4 gallium 67/ 2261
5 gallium 68/ 170
6 or/15 4639
7 6 and diabetic foot/ 8
8 6 and exp diabetes mellitus/ 46
9 8 and exp foot disease/ 13
10 8 and exp skin ulcer/ 12
11 6 and (diabet$ adj5 (foot or feet or ulcer$)).ti,ab. 12
12 6 and exp fracture/ 37
13 6 and exp osteomyelitis/ 208
14 6 and exp osteitis/ 226
15 6 and osteomyelitis.ti,ab. 176
16 6 and osteitis.ti,ab. 11
17 or/7,9–16 286
18 limit 17 to (human and english language) 236
19 limit 18 to (editorial or erratum or letter or note) 8
20 18 and case study/ 0
21 or/19–20 8
22 18 not 21 228
23 22 and sensitivity.mp. 20
24 22 and specificity.mp. 21
25 22 and reference standard.mp. 0
26 22 and gold standard.mp. 0
27 22 and accuracy.mp. 15
28 22 and positive predictive value$.mp. 0
29 22 and ppv.mp. 0
30 22 and (negative predictive value$ or npv).mp. 0
31 22 and negative.mp. 28
32 22 and (false or positive).mp. 50
33 or/23–24,25–32 76
34 22 and exp clinical trial/ 9
35 35 or/33–34 81
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Appendix E List of citations and reasons for
exclusion

LeukoScan® citations

1. Anonymous (2000), What did year 2000 bring us? New drugs, developments and side-effects. [Dutch],
Geneesmiddelenbulletin 35: 1-7.
Reason for exclusion: review.

2. Alazraki NP (1993), Radionuclide imaging in the evaluation of infections and inflammatory disease.
[Review] [61 refs], Radiologic Clinics of North America 31: 783-794.
Reason for exclusion: review.

3. Almadori G, Del N, Cadoni G, Di M, Ottaviani F (1996), Facial nerve paralysis in acute otomastoiditis as
presenting symptom of FAB M2, T8;21 leukemic relapse. Case report and review of the literature,
International Journal of Pediatric Otorhinolaryngology 36: 45-52.
Reason for exclusion: not a LeukoScan® study.

4. Alonso F (2001), [Present status of the nuclear medicine studies in infections and inflammatory processes
in Spain]. [Spanish], Revista Espanola de Medicina Nuclear 20: 353-357.
Reason for exclusion: survey.

5. Andreescu ACM, Cushman M (2000), Case studies in heparin-induced thrombocytopenia, Journal of
Thrombosis & Thrombolysis 10: S71-S76.
Reason for exclusion: not a LeukoScan® study.

6. Ang ES, Sundram FX, Goh ASW, Aw SE (1993), 99mTcm-polyclonal IgG and 99Tcm nanocolloid scans
in orthopaedics: A comparison with conventional bone scan, Nuclear Medicine Communications 14: 419-432.
Reason for exclusion: not a LeukoScan® study.

7. Autret-Leca E, Jonville-Bera AP, Paintaud G (1999), News about clinical pharmacology. [French], Revue de
Medecine de Tours 33: 246-251.
Reason for exclusion: review.

8. Barron B, Hanna C, Passalaqua AM, Lamki L, Wegener WA, Goldenberg DM (1999), Rapid diagnostic
imaging of acute, nonclassic appendicitis by leukoscintigraphy with sulesomab, a technetium 99m-labeled
antigranulocyte antibody Fab' fragment. LeukoScan Appendicitis Clinical Trial Group, Surgery 125: 288-
296.
Reason for exclusion: wrong patient group.

9. Barron BJ, Robins DB, Lamki LM, Daniels W, Chopra L, Black CT (1996), Intussusception secondary to
Meckel's diverticulum detection with Tc-99m monoclonal antibodies to granulocytes (Leukoscan), Clinical
Nuclear Medicine 21: 834-837.
Reason for exclusion: wrong patient group.

10. Bathmann J, Sigmund G (1994), [The value of bone marrow scintigraphy and magnetic resonance
tomography in diagnostic imaging of bone marrow]. [Review] [72 refs] [German], Aktuelle Radiologie 4: 159-
168.
Reason for exclusion: review.

11. Becker W, Marienhagen J, Ordnung D, Wolf F (1990), Kinetic of Tc-99m-anti-NCA-95-Moab in vitro
labelled granulocytes in comparison to in-vivo Moab-labelled and In-111-oxine-labelled granulocytes,
Progress in Clinical & Biological Research 355: 151-158.
Reason for exclusion: pre-clinical study.
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12. Becker W, Goldenberg DM, Wolf F (1994), The use of monoclonal antibodies and antibody fragments in
the imaging of infectious lesions, Seminars in Nuclear Medicine 24: 142-153.
Reason for exclusion: review.

13. Becker W (1999), [Guidelines for technetium-99m antigranulocyte scintigraphy in inflammatory or
infectious diseases]. [German], Nuclear-Medizin 38: 249-250.
Reason for exclusion: review.

14. Becker W (1999), Imaging osteomyelitis and the diabetic foot. [Review] [48 refs], Quarterly Journal of Nuclear
Medicine 43: 9-20.
Reason for exclusion: review.

15. Birrer RB, Dellacorte MP, Grisafi PJ (1996), Prevention and care of diabetic foot ulcers, American Family
Physician 53: 601-611.
Reason for exclusion: review.

16. Bischoff HA, Borchers M, Gudat F, Duermueller U, Theiler R, Helin HB, Dick W (2001), In situ detection
of 1,25-dihydroxyvitamin D3 receptor in human skeletal muscle tissue, Histochemical Journal  33: 19-24.
Reason for exclusion: ex-vivo study.

17. Bitkover CY, Gardlund B, Larsson SA, Aberg B, Jacobsson H (1996), Diagnosing sternal wound infections
with 99mTc-labeled monoclonal granulocyte antibody scintigraphy, Annals of Thoracic Surgery 62: 1412-1416.
Reason for exclusion: wrong patient group.

18. Bjermer L (2001), History and future perspectives of treating asthma as a systemic and small airways
disease, Respiratory Medicine 95: 703-719.
Reason for exclusion: not a LeukoScan® study.

19. Blakytny R, Jude EB, Gibson JM, Boulton AJM, Ferguson MWJ (2000), Lack of insulin-like growth factor
I (IGF1) in the basal keratinocyte layer of diabetic skin and diabetic foot ulcers, Journal of Pathology 190: 589-
94.
Reason for exclusion: ex-vivo study.

20. Blam ME, Stein RB, Lichtenstein GR (1977), Integrating anti-tumor necrosis factor therapy in
inflammatory bowel disease: Current and future perspectives, American Journal of Gastroenterology 96: 77-1997.
Reason for exclusion: not a LeukoScan® study.

21. Bohchelian HA, Klisarova AD, Koeva LA (2002), Radioimmune imaging of diabetic foot infection –
Tc-99m-labelled antigranulocyte antibody in combination with Tc-99m-methylene diphosphonatebone
scintigraphy, Turkish Journal of Medical Sciences 32: 255-259.
Reason for exclusion: not a LeukoScan® study.

22. Bokchelian H, Klisarova A, Koeva L, Pranchev L, Tranulov G (1997), Application of semiquantitative
parameters of bone scintigraphy in diabetic patients. [Bulgarian], Rentgenologiya i Radiologiya 36: 43-47.
Reason for exclusion: not a LeukoScan® study.

23. Bortone AS, D'Agostino D, Schena S, Rubini G, Brindicci P, Sardaro V, D'Addabbo A, de Lie (2000),
Inflammatory response and angiogenesis after percutaneous transmyocardial laser revascularization, Annals
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from control subjects, Journal of Bone & Mineral Research 14: 555-560.
Reason for exclusion: not a LeukoScan® study.

133. Olivieri I, Padula A, Ciancio G, Salvarani C, Niccoli L, Cantini F (2002), Successful treatment of SAPHO
syndrome with infliximab: Report of two cases, Annals of the Rheumatic Diseases 61: 375-376.
Reason for exclusion: not a LeukoScan® study.

134. Oni OO, Pringle S (1993), Vessel-like structures in the callus cartilage, Injury 24: 555-556.
Reason for exclusion: not a LeukoScan® study.

135. Palestro CJ, Torres MA (1997), Radionuclide imaging in orthopedic infections, Seminars in Nuclear Medicine
27: 334-345.
Reason for exclusion: review.
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136. Palestro CJ, Kipper SL, Weiland FL, Love C, Tomas MB (2002), Osteomyelitis: diagnosis with (99m)Tc-
labeled antigranulocyte antibodies compared with diagnosis with (111)In-labeled leukocytes – initial
experience, Radiology 223: 758-764.
Reason for exclusion: not a LeukoScan® study.

137. Panigrahi K, Delmas PD, Singer F, Ryan W, Reiss O, Fisher R, Miller PD, Mizrahi I, Darte C, Kress BC,
Christenson RH (1994), Characteristics of a two-site immunoradiometric assay for human skeletal alkaline
phosphatase in serum, Clinical Chemistry 40: 822-828.
Reason for exclusion: not a LeukoScan® study.

138. Partsch H, Jochmann W, Mostbeck A, Hirschl M (1993), Nuclear medical investigations on tissue
concentration and hemodynamic effects of retrograde intravenous pressure infusions. [German], Wiener
Medizinische Wochenschrift 143: 172-176.
Reason for exclusion: not a LeukoScan® study.

139. Pastl K, Maschek W, Hopfl S, Bohler N, Dienstl E, Syre G (1990), [Indications for immunoscintigraphy in
orthopedics and its interpretation]. [German], Wiener Medizinische Wochenschrift 140: 140-146.
Reason for exclusion: review.

140. Peters AM, Lavender JP (1990), Diagnosis of bone infection, Nuclear Medicine Communications 11: 463-467.
Reason for exclusion: review.

141. Peters AM (1994), Labelled white blood cells, Agents & Actions 41: C264-C266.
Reason for exclusion: review.

142. Peters KM, Rosendahl T, Zilkens KW, Zwadlo-Klarwasser G (1994), Pattern of macrophage
subpopulations in post-traumatic bone infections after combined operative/antibiotic treatment, Archives of
Orthopaedic & Trauma Surgery 114: 56-59.
Reason for exclusion: ex-vivo study.

143. Peters KM, Koberg K, Rosendahl T, Schmutzler W, Zwadlo-Klarwasser G (2003), Alteration in the
pattern of macrophage subtypes in chromic osteomyelitis compared with acute joint infection, International
Orthopaedics 19: 162-6.
Reason for exclusion: ex-vivo study.

144. Pruckmayer M, Glaser C, Nasel C, Lang S, Rasse M, Leitha T (1996), Bone metastasis with superimposed
osteomyelitis in prostate cancer, Journal of Nuclear Medicine 37: 999-1001.
Reason for exclusion: not a LeukoScan® study.

145. Puskas C, Sciuk J (1994), Scintigraphic detection of osteomyelitis in osteopetrosis, Journal of Nuclear Medicine
35: 95-96.
Reason for exclusion: not a LeukoScan® study.

146. Rajbhandari SM, Sutton M, Davies C, Tesfaye S, Ward JD (2000), 'Sausage toe': A reliable sign of
underlying osteomyelitis, Diabetic Medicine 17: 74-77.
Reason for exclusion: not a LeukoScan® study.

147. Remedios D, Valabhji J, Oelbaum R, Sharp P, Mitchell R (1998), 99mTc-nanocolloid scintigraphy for
assessing osteomyelitis in diabetic neuropathic feet, Clinical Radiology 53: 120-125.
Reason for exclusion: not a LeukoScan® study.

148. Reschauer R, Maschek W, Pichler R, Fasol K (1997), Scintigraphic examinations of postoperative
infections. [German], Acta Chirurgica Austriaca 29: 40-44.
Reason for exclusion: not a LeukoScan® study.

149. Robiller FC, Stumpe KD, Kossmann T, Weisshaupt D, Bruder E, von S (2000), Chronic osteomyelitis of
the femur: value of PET imaging, European Radiology 10: 855-858.
Reason for exclusion: not a LeukoScan® study.
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150. Robins SP, Woitge H, Hesley R, Ju J, Seyedin S, Seibel MJ (1994), Direct, enzyme-linked immunoassay for
urinary deoxypyridinoline as a specific marker for measuring bone resorption, Journal of Bone & Mineral
Research 9: 1643-1649.
Reason for exclusion: not a LeukoScan® study.

151. Rohira SK, Bianco JA (1993), Gastroparesis associated with muscular dystrophy, Clinical Nuclear Medicine
18: 996.
Reason for exclusion: not a LeukoScan® study.

152. Rothschild BM (2001), Surgery and the patient with arthritis, Comprehensive Therapy 27: 104-107.
Reason for exclusion: review.

153. Ruther W, Hotze A, Moller F, Bockisch A, Heitzmann P, Biersack HJ (1990), Diagnosis of bone and joint
infection by leucocyte scintigraphy. A comparative study with 99mTc-HMPAO-labelled leucocytes,
99mTc-labelled antigranulocyte antibodies and 99mTc-labelled nanocolloid, Archives of Orthopaedic &
Trauma Surgery 110: 26-32.
Reason for exclusion: not a LeukoScan® study.

154. Schauwecker DS (1992), In-111 leukocytes confirm lymphatic spread of infection, Clinical Nuclear Medicine
17: 330-331.
Reason for exclusion: not a LeukoScan® study.

155. Schauwecker DS (1992), The scintigraphic diagnosis of osteomyelitis, American Journal of Roentgenology 158:
9-18.
Reason for exclusion: review.

156. Scheidler J, Leinsinger G, Pfahler M, Kirsch CM (1994), Diagnosis of osteomyelitis. Accuracy and
limitations of antigranulocyte antibody imaging compared to three-phase bone scan, Clinical Nuclear Medicine
19: 731-737.
Reason for exclusion: not a LeukoScan® study.

157. Schon LC, Cohen I, Horton GA (2000), Treatment of the diabetic neuropathic flatfoot, Techniques in
Orthopaedics 15: 277-289.
Reason for exclusion: review.

158. Schroeter S, Greiner-Bechert L (2001), LeukoScan protocol [Letter; comment], Nuclear Medicine
Communications 22: 841.
Reason for exclusion: protocol.

159. Sciuk J, Brandau W, Vollet B, Stucker R, Erlemann R, Bartenstein P, Peters PE, Schober O (1991),
Comparison of technetium 99m polyclonal human immunoglobulin and technetium 99m monoclonal
antibodies for imaging chronic osteomyelitis. First clinical results. [See comments], European Journal of
Nuclear Medicine 18: 401-407.
Reason for exclusion: not a LeukoScan® study.

160. Senneville E, Yazdanpanah Y, Cordonnier M, Cazaubiel M, Lepeut M, Baclet V, Beltrand E, Khazarjian A,
Caillaux M, Dubreuil L, Mouton Y (2002), Are the principles of treatment of chronic osteitis applicable to
the diabetic foot? [French], Presse Medicale 31: 393-9.
Reason for exclusion: not a LeukoScan® study.

161. Serrano MS, Schmidt-Sommerfeld E, Kilbaugh TJ, Brown RF, Udall JNJ, Mannick EE (2001), Use of
infliximab in pediatric patients with inflammatory bowel disease, Annals of Pharmacotherapy 35: 823-828.
Reason for exclusion: not a LeukoScan® study.

162. Shami SK, Chittenden SJ (1991), Microangiopathy in diabetes mellitus: II. Features, complications and
investigation, Diabetes Research 17: 157-168.
Reason for exclusion: not a LeukoScan® study.

163. Shane E, Papadopoulos A, Staron RB, Addesso V, Donovan D, McGregor C, Schulman LL (1999), Bone
loss and fracture after lung transplantation, Transplantation 68: 220-227.
Reason for exclusion: not a LeukoScan® study.
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164. Stein JH (1992), Research in progress at member institutions of the central society for clinical research: The
University of Texas Health Science Center at San Antonio, Journal of Laboratory & Clinical Medicine 120: 499-
502.
Reason for exclusion: review.

165. Steinberg LA (1997), The omnipotent platelet. Part II: further observations, Medical Hypotheses 49: 15-17.
Reason for exclusion: review.

166. Steinstrasser A, Oberhausen E (1996), Granulocyte labelling kit BW 250/183. Results of the European
Multicenter Trial, Nuklearmedizin 35: 1-11.
Reason for exclusion: not a LeukoScan® study.

167. Sturrock NDC, Perkins AC, Wastie ML, Blackband KR, Moriarty KT (1995), A reproducibility study of
technetium-99m macroaggregated albumin foot perfusion imaging in patients with diabetes mellitus,
Diabetic Medicine 12: 445-448.
Reason for exclusion: not a LeukoScan® study.

168. Taillandier J, Alemanni M, Samuel D (1991), Osteoarticular complication after liver transplantation.
[French], Revue du Rhumatisme et des Maladies Osteo-Articulaires 58: 361-364.
Reason for exclusion: not a LeukoScan® study.

169. Takagi T, Okamoto R, Suzuki K, Hayashi T, Sato M, Sato M, Kurosaka N, Koshino T (2001), Up-
regulation of CD44 in rheumatoid chondrocytes, Scandinavian Journal of Rheumatology 30: 110-113.
Reason for exclusion: ex-vivo study.

170. Thakur ML, Marcus CS, Henneman P, Butler J, Sinow R, Diggles L, Minami C, Mason G, Klein S, Rhodes
B (1996), Imaging inflammatory diseases with neutrophil-specific technetium-99m-labeled monoclonal
antibody anti-SSEA-1, Journal of Nuclear Medicine 37: 1789-1795.
Reason for exclusion: not a LeukoScan® study.

171. Thiele J, Bennewitz FG, Bertsch HP, Falk S, Fischerl R, Stutte HJ (1993), Splenic haematopoiesis in
primary (idiopathic) osteomyelofibrosis: Immunohistochemical and morphometric evaluation of
proliferative activity of erythro- and endoreduplicative capacity of megakaryopoiesis (PCNA- and Ki-67
staining), Virchows Archiv B, Cell Pathology 64: 281-286.
Reason for exclusion: ex-vivo study.

172. Thumb N (2001), Ankylosing spondylitis and osteoporosis. [German], Journal fur Mineralstoffwechsel 8: 7-12.
Reason for exclusion: review.

173. Torres G, Berna L, Carrio I, Estorch M, Diaz C, Farrerons J (1994), Antigranulocyte bone marrow scans in
Paget's disease, Clinical Nuclear Medicine 19: 671-674.
Reason for exclusion: wrong patient group.

174. Vergnaud P, Garnero P, Meunier PJ, Breart G, Kamihagi K, Delmas PD (1997), Undercarboxylated
osteocalcin measured with a specific immunoassay predicts hip fracture in elderly women: the EPIDOS
Study. [See comments], Journal of Clinical Endocrinology & Metabolism 82: 719-724.
Reason for exclusion: in-vitro study.

175. Vesco L, Boulahdour H, Hamissa S, Kretz S, Montazel JL, Perlemuter L, Meignan M, Rahmouni A (1999),
The value of combined radionuclide and magnetic resonance imaging in the diagnosis and conservative
management of minimal or localized osteomyelitis of the foot in diabetic patients, Metabolism: Clinical &
Experimental 48: 922-927.
Reason for exclusion: not a LeukoScan® study.

176. Villella A, Picard C, Jouanguy E, Dupuis S, Popko S, Abughali N, Meyerson H, Casanova JL, Hostoffer
RW (2001), Recurrent Mycobacterium avium osteomyelitis associated with a novel dominant interferon
gamma receptor mutation, Pediatrics 107: E47.
Reason for exclusion: not a LeukoScan® study.
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177. Wagner AD, Andresen J, Jendro MC, Delsemann JL, Zeidler H (1965), Sustained response to tumor
necrosis factor and #945;- blocking agents in two patients with SAPHO syndrome, Arthritis & Rheumatism
46: 65-1968.
Reason for exclusion: not a LeukoScan® study.

178. Weinstein D, Wang A, Chambers R, Stewart CA, Motz HA (1993), Evaluation of magnetic resonance
imaging in the diagnosis of osteomyelitis in diabetic foot infections, Foot & Ankle 14: 18-22.
Reason for exclusion: not a LeukoScan® study.

179. Woodhouse RJ (2001), Report from Great Britain. [German] Pharmazeutische Industrie 63: 175-180.
Reason for exclusion: review.

180. Yang LJ, Jin Y (1990), Immunohistochemical observations on bone morphogenetic protein in normal and
abnormal conditions, Clinical Orthopaedics & Related Research 249-256.
Reason for exclusion: not a LeukoScan® study.

181. Yugueros P, Keeney GL, Bite U (1997), Paget's disease of the groin: report of seven cases, Plastic &
Reconstructive Surgery 100: 336-339.
Reason for exclusion: not a LeukoScan® study.
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Technetium-99m stannous colloid labelled WBC citations

1. Anand AJ, Glatt AE (1994), Salmonella osteomyelitis and arthritis in sickle cell disease. [Review] [120 refs],
Seminars in Arthritis & Rheumatism 24: 211-221.
Reason for exclusion: review.

2. Avila R, Goldberg D, Larrondo JJ (1974), [99m Tc Sn-pyrophosphate complex as a bone gammography
agent in children]. [Spanish], Boletin Medico del Hospital Infantil de Mexico 31: 1115-1124.
Reason for exclusion: not a stannous colloid study.

3. Barge RM, Buiting AG, Thompson J, van't W (1992), [A patient with chronic mucormycosis]. [See
comments], [Dutch], Nederlands Tijdschrift voor Geneeskunde 136: 2135-2138.
Reason for exclusion: not a stannous colloid study.

4. Bonnet MC, Julia JM, Mathieu-Daude JC, du C (1986), [Value of hemodilution in maxillofacial surgery for
postoperative traumatic edema and graft viability]. [French], Annales Francaises d Anesthesie et de Reanimation
5: 243-248.
Reason for exclusion: not a stannous colloid study.

5. Boudreau R, Rosenthall L, Tyler JL, Arzoumanian A (1983), Effect of 99mTc-Sn-colloid incubation time
on in vivo distribution, European Journal of Nuclear Medicine 8: 335-337.
Reason for exclusion: pharmacokinetic study.

6. Bourgeois P, Demonceau G, Stegen M, Ferremans W (1991), 99Tcm-HMPAO-labelled leucocytes for
bone marrow scintigraphy and evaluation of skeletal lesions. Comparison with 99Tcm-HSA colloid results,
Nuclear Medicine Communications 12: 621-627.
Reason for exclusion: not a stannous colloid study.

7. Boyd SJ, Nour R, Quinn RJ, McKay E, Butler SP (1993), Evaluation of white cell scintigraphy using
indium-111 and technetium-99m labelled leucocytes, European Journal of Nuclear Medicine 20: 201-206.
Reason for exclusion: small sample size < 20 patients.

8. Bull U, von L, Leisner B (1975), [Concentration of 99mTc-tin-phosphate complexes in soft tissues].
[German], Nuclear-Medizin 14: 91-105.
Reason for exclusion: non-human.

9. Chafetz N, Slivka J, Taylor A, Alazraki NP, Resnick D, Georgen T (1978), Decreased 99mTc sulfur colloid
activity in healed rib fractures, Radiology 126: 735-736.
Reason for exclusion: not a stannous colloid study.

10. Cheung HS, Stewart IE, Ho KC, Leung PC, Metreweli C (1993), Vascularized iliac crest grafts: evaluation
of viability status with marrow scintigraphy, Radiology 186: 241-245.
Reason for exclusion: wrong patient group.

11. Critchley LA, Conway F (1996), Hypotension during subarachnoid anaesthesia: haemodynamic effects of
colloid and metaraminol. [See comments], British Journal of Anaesthesia 76: 734-736.
Reason for exclusion: not a stannous colloid study.

12. Critchley LAH, Stuart JC, Short TG, Gin T (1994), Haemodynamic effects of subarachnoid block in
elderly patients, British Journal of Anaesthesia 73: 464-470.
Reason for exclusion: not a stannous colloid study.

13. Critchley LAH, Stuart JC, Conway F, Short TG (1995), Hypotension during subarachnoid anaesthesia:
Haemodynamic effects of ephedrine, British Journal of Anaesthesia 74: 373-378.
Reason for exclusion: not a stannous colloid study.

14. de S, Streule K, Senekowitsch R, Fridrich R (1987), Scintigraphy of inflammation with nanometer-sized
colloidal tracers, Nuclear Medicine Communications 8: 895-908.
Reason for exclusion: non-human.
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15. Ducloux JM, Maugars Y, Moreau A, Nizard J, Gaillard F, Prost A (1993), Extramedullary hematopoiesis.
An unusual cause for Pagetic spinal cord compression, Revue du Rhumatisme (English edition) 60: 24-28.
Reason for exclusion: review.

16. Dumarey N, Martin P, Jayankura M, Putz P, Verhas M, Peretz A (2000), A 'made in one piece' skeleton in
a 22-year-old man suffering from sickle-cell anaemia, Clinical Rheumatology 19: 287-290.
Reason for exclusion: not a stannous colloid study.

17. Elgazzar AH, Yeung HW, Webner PJ (1996), Indium-111-leukocyte and technetium-99m-sulfur colloid
uptake in Paget's disease, Journal of Nuclear Medicine 37: 858-861.
Reason for exclusion: not a stannous colloid study.

18. Ernst E, Schmidt-Pauly E, Muhlig P, Matrai A (1987), Blood viscosity in patients with bone fractures and
long term bedrest, British Journal of Surgery 74: 301-302.
Reason for exclusion: not a stannous colloid study.

19. Ga´l R, Undrle I, Stibor B, Vlach O (2002), Combination of acute normovolemic haemodilution and
deliberate hypotension in order to avoid allogeneic blood transfusion in the management of large blood
loss in spinal trauma surgery. Case report, Scripta Medica Facultatis Medicae Universitatis Brunensis Masarykianae
75: 3-6.
Reason for exclusion: not a stannous colloid study.

20. Giannoudis PV, Cohen A, Hinsche A, Stratford T, Matthews SJ, Smith RM (2000), Simultaneous bilateral
femoral fractures: systemic complications in 14 cases, International Orthopaedics 24: 264-267.
Reason for exclusion: not a stannous colloid study.

21. Goy W, Crowe WJ (1976), Splenic accumulation of 99mTc-diphosphonate in a patient with sickle cell
disease: case report, Journal of Nuclear Medicine 17: 108-109.
Reason for exclusion: not a stannous colloid study.

22. Greenberg RN, Saeed AM, Kennedy DJ, McMillian R (1987), Instability of vancomycin in Infusaid drug
pump model 100, Antimicrobial Agents & Chemotherapy 31: 610-611.
Reason for exclusion: not a stannous colloid study.

23. Hagman TF, Winer-Muram HT, Meyer CA, Jennings SG (1997), Intrathoracic splenosis: superiority of
technetium Tc 99m heat-damaged RBC imaging, Chest 120: 97-98.
Reason for exclusion: not a stannous colloid study.

24. Hamzaoglu A, Aydinok HC, Pinar H, Asik M, Cakmak M (1992), Open traumatic posterior dislocation of
the hip. A case report, Archives of Orthopaedic & Trauma Surgery 111: 345-347.
Reason for exclusion: not a stannous colloid study.

25. Hanna R, Braun T, Levendel A, Lomas F (1984), Radiochemistry and biostability of autologous leucocytes
labelled with 99mTc-stannous colloid in whole blood, European Journal of Nuclear Medicine 9: 216-219.
Reason for exclusion: pre-clinical study.

26. Hanna RW, Lomas FE (1986), Identification of factors affecting technetium 99m leucocyte labelling by
phagocytic engulfment and development of an optimal technique, European Journal of Nuclear Medicine 12:
159-162.
Reason for exclusion: pre-clinical study.

27. Hirsch JI, Tatum JL, Fratkin MJ, Apostolides DL, Quint RI (1989), Preparation and evaluation of a
99mTc-SnF2 colloid kit for leukocyte labeling, Journal of Nuclear Medicine 30: 1257-1263.
Reason for exclusion: non-human.

28. Hotze A, Bockisch A, Ruther M, Biersack HJ (1988), [Comparison of 99m Tc-HMPAO-labeled leukocytes
and 99m Tc-nanocolloid in osteomyelitis]. [German], Nuclear-Medizin 27: 63-65.
Reason for exclusion: not a stannous colloid study.



LeukoScan® 97

29. Jen CP, Li SH (2001), Effects of hydrodynamic chromatography on colloid-facilitated migration of
radionuclides in the fractured rock, Waste Management 21: 499-509.
Reason for exclusion: non-human.

30. Jonas L, Fulda G, Radeck C, Henkel KO, Holzhuter G, Mathieu HJ (2001), Biodegradation of titanium
implants after long-time insertion used for the treatment of fractured upper and lower jaws through
osteosynthesis: element analysis by electron microscopy and EDX or EELS, Ultrastructural Pathology 25:
375-383.
Reason for exclusion: not a stannous colloid study.

31. Karak P, Shoukri KC, Spencer RP, Chen HH, Vento JA (1998), Presacral hematopoietic tissue: correlation
of radionuclide and MRI findings, Clinical Nuclear Medicine 23: 330-331.
Reason for exclusion: not a stannous colloid study.

32. King AD, Peters AM, Stuttle AW, Lavender JP (1990), Imaging of bone infection with labelled white
blood cells: role of contemporaneous bone marrow imaging, European Journal of Nuclear Medicine 17: 148-
151.
Reason for exclusion: not a stannous colloid study.

33. Kuo TT, Hu S, Huang CL, Chan HL, Chang MJ, Dunn P, Chen YJ (1997), Cutaneous involvement in
polyvinylpyrrolidone storage disease: a clinicopathologic study of five patients, including two patients with
severe anemia, American Journal of Surgical Pathology 21: 1361-1367.
Reason for exclusion: not a stannous colloid study.

34. Lichtenstein M, Andrews J, Scales R (1983), Localization of osteomyelitis with 99mtechnetium sulphur
colloid, Australian & New Zealand Journal of Surgery 53: 339-342.
Reason for exclusion: not a stannous colloid study.

35. Lobato RD, Lamas E, Cordobes F (1980), Chronic adult hydrocephalus due to uncommon causes, Acta
Neurochirurgica 55: 85-97.
Reason for exclusion: not a stannous colloid study.

36. Lutzker LG, Alavi A (1976), Bone and marrow imaging in sickle cell disease: diagnosis of infarction.
[Review] [64 refs], Seminars in Nuclear Medicine 6: 83-93.
Reason for exclusion: review.

37. Martinez-Lazaro R, Cortes-Blanco A (2002), [Atypical findings of the combined scintigraphy of bone
marrow and labeled leukocytes in osteonecrosis of the hip secondary to infection]. [Spanish], Revista
Espanola de Medicina Nuclear 21: 115-117.
Reason for exclusion: not a stannous colloid study.

38. Martino AM, Winfield JA (1990), Salmonella osteomyelitis with epidural abscess. A case report with review
of osteomyelitis in children with sickle cell anemia. [Review] [31 refs], Pediatric Neurosurgery 16: 321-325.
Reason for exclusion: review.

39. McAfee JG, Thakur ML (1976), Survey of radioactive agents for in vitro labeling of phagocytic leukocytes.
I. Soluble agents, Journal of Nuclear Medicine 17: 480-487.
Reason for exclusion: in-vitro study.

40. McAfee JG, Thakur ML (1976), Survey of radioactive agents for in vitro labeling of phagocytic leukocytes.
II. Particles, Journal of Nuclear Medicine 17: 488-492.
Reason for exclusion: in-vitro study.

41. Meyers MH, Telfer N, Moore TM (1977), Determination of the vascularity of the femoral head with
technetium 99m-sulphur-colloid, Journal of Bone & Joint Surgery 59: 658-664.
Reason for exclusion: not a stannous colloid study.

42. Miller HAB, Taylor GA, Harrison AW (1983), Management of flail chest, Canadian Medical Association
Journal 129: 1104-1107.
Reason for exclusion: not a stannous colloid study.
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43. Mishra P, Singh AK, Chauhan M, Bhatnagar A, Kashyap R, Chauhan UPS (1994), A novel method for
labelling human immunoglobulin-G with 99Tcm suitable for inflammation scintigraphy, Nuclear Medicine
Communications 15: 723-729.
Reason for exclusion: not a stannous colloid study.

44. Mock BH, English D (1987), Leukocyte labeling with technetium-99m tin colloids, Journal of Nuclear
Medicine28: 1471-1477.
Reason for exclusion: pharmacokinetic study.

45. Modig J (1983), Advantages of dextran 70 over Ringer acetate solution in shock treatment and in
prevention of adult respiratory distress syndrome. A randomized study in man after traumatic-
haemorrhagic shock, Resuscitation 10: 219-226.
Reason for exclusion: not a stannous colloid study.

46. Murzin VE, Artiushenko VS (1977), [Scanning the subarachnoid space of the spinal cord following
endolumbar and cisternal administration of colloid solutions of radioisotopes]. [Russian], Voprosy
Neirokhirurgii 34-39.
Reason for exclusion: not a stannous colloid study.

47. Oster ZH, Som P, Srivastava SC, Fairchild RG, Meinken GE, Tillman DY, Sacker DF, Richards P, Atkins
HL, Brill AB (1985), The development and in-vivo behavior of tin containing radiopharmaceuticals – II.
Autoradiographic and scintigraphic studies in normal animals and in animal models of bone disease,
International Journal of Nuclear Medicine & Biology 12: 175-184.
Reason for exclusion: non-human.

48. Palestro CJ, Roumanas P, Swyer AJ, Kim CK, Goldsmith SJ (1992), Diagnosis of musculoskeletal infection
using combined In-111 labeled leukocyte and Tc-99m SC marrow imaging, Clinical Nuclear Medicine 17: 269-
273.
Reason for exclusion: not a stannous colloid study.

49. Palestro CJ, Mehta HH, Patel M, Freeman SJ, Harrington WN, Tomas MB, Marwin SE (1998), Marrow
versus infection in the Charcot joint: indium-111 leukocyte and technetium-99m sulfur colloid
scintigraphy, Journal of Nuclear Medicine 39: 346-350.
Reason for exclusion: not a stannous colloid study.

50. Parekh JS, Teates CD (1992), Emergency nuclear medicine, Radiologic Clinics of North America 30: 455-474.
Reason for exclusion: review.

51. Park HM, Lambertus J (1977), Skeletal and reticuloendothelial imaging in osteopetrosis: case report, Journal
of Nuclear Medicine 18: 1091-1095.
Reason for exclusion: not a stannous colloid study.

52. Pastores GM, Hermann G, Norton KI, Lorberboym M, Desnick RJ (1996), Regression of skeletal changes
in type 1 Gaucher disease with enzyme replacement therapy, Skeletal Radiology 25: 485-488.
Reason for exclusion: not a stannous colloid study.

53. Phillips TW, Aitken GK, MacKenzie RA (1986), Sulphur colloid bone scan assessment of femoral head
vascularity following subcapital fracture of the hip, Clinical Orthopaedics & Related Research 52-54.
Reason for exclusion: ex-vivo study.

54. Potente G (1988), [Articular complications in sickle cell-thalassemia after childhood. Diagnostic problems].
[Italian], Radiologia Medica 76: 409-413.
Reason for exclusion: wrong patient group.

55. Price J, Sear J, Venn R (2002), Perioperative fluid volume optimization following proximal femoral
fracture. [Review] [28 refs], Cochrane Database of Systematic Reviews CD003004.
Reason for exclusion: not a stannous colloid study.
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56. Ramsay SC, Labrooy J, Norton R, Webb B (2001), Demonstration of different patterns of musculoskeletal,
soft tissue and visceral involvement in melioidosis using 99mTc stannous colloid white cell scanning,
Nuclear Medicine Communications 22: 1193-1199.
Reason for exclusion: wrong patient group.

57. Rayman G, Williams SA, Gamble J, Tooke JE (1994), A study of factors governing fluid filtration in the
diabetic foot, European Journal of Clinical Investigation 24: 830-836.
Reason for exclusion: not a stannous colloid study.

58. Rey M, Wolfel D, Scharf J, Zeilinger G, Plettl-Maar J (1991), [Toxic shock syndrome due to osteomyelitis].
[German], Klinische Padiatrie 203: 178-183.
Reason for exclusion: not a stannous colloid study.

59. Rudberg U, Ahlback SO, Uden R (1990), Bone marrow scintigraphy in Paget's disease of bone, Acta
Radiologica 31: 141-144.
Reason for exclusion: wrong patient group.

60. Seabold JE, Nepola JV, Marsh JL, Hawes DR, Justin EP, Ponto JA, Pettit WA, el Khoury GY, Kirchner
PT (1991), Postoperative bone marrow alterations: potential pitfalls in the diagnosis of osteomyelitis with
In-111-labeled leukocyte scintigraphy, Radiology 180: 741-747.
Reason for exclusion: review.

61. Seabold JE, Nepola JV (1999), Imaging techniques for evaluation of postoperative orthopedic infections.,
Quarterly Journal of Nuclear Medicine. 43: 21-28.
Reason for exclusion: review.

62. Selby IR, James MR (1993), The intraosseous route for induction of anaesthesia, Anaesthesia 48: 982-984.
Reason for exclusion: not a stannous colloid study.

63. Shih WJ, Domstad PA, DeLand FH, Purcell M (1986), Incidental vertebral lesions identified during
technetium-99m sulfur colloid liver-spleen imaging, Clinical Nuclear Medicine 11: 585-589.
Reason for exclusion: not a stannous colloid study.

64. Shook DR, Reinke DB (1975), Increased uptake of 99mTc-sulfur colloid in vertebral compression
fractures, Journal of Nuclear Medicine 16: 92-94.
Reason for exclusion: not a stannous colloid study.

65. Sinclair S, James S, Singer M (1997), Intraoperative intravascular volume optimisation and length of
hospital stay after repair of proximal femoral fracture: randomised controlled trial. [See comments.], British
Medical Journal 315: 909-912.
Reason for exclusion: not a stannous colloid study.

66. Slavin SA, Upton J, Kaplan WD, Van d, Baumeister RGH (1997), An investigation of lymphatic function
following free-tissue transfer, Plastic & Reconstructive Surgery 99: 730-743.
Reason for exclusion: not a stannous colloid study.

67. Southee AE, Lee KJ, McLaughlin AF, Borham PW, Rossleigh MA, Bautovich GJ, Morris JG (1988), Tc-
99m white cell scintagraphy in acute infection., Australian & New Zealand Journal of Medicine 18: 493.
Reason for exclusion: abstract.

68. Southee AE, Lee KJ, McLaughlin AF, Borham PW, Bautovich GJ, Morris JG (1990), Tc-99m white cell
scintigraphy in suspected acute infection, Clinical Nuclear Medicine 15: 71-75.
Reason for exclusion: small sample size < 20 patients.

69. Stoll E, Golej J, Burda G, Hermon M, Boigner H, Trittenwein G (2002), Osteomyelitis at the injection site
of adrenalin through an intraosseous needle in a 3-month-old infant, Resuscitation 53: 315-318.
Reason for exclusion: not a stannous colloid study.

70. Storey GR, Bruce W, Kinchington M, Magnussen JS, Allman KC, Van D (1998), Tc-99m-labeled leukocyte
and skeletal scintigraphy in a case of pelvic osteomyelitis, Clinical Nuclear Medicine 23: 717-719.
Reason for exclusion: wrong patient group.
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71. Streule K, de Silva J, Fridrich R (1988), 99Tcm-labelled HSA-nanocolloid versus 111In oxine-labelled
granulocytes in detecting skeletal septic process, Nuclear Medicine Communications 9: 59-67.
Reason for exclusion: not a stannous colloid study.

72. Subramanian G, McAfee JG (1971), A new complex of 99mTc for skeletal imaging, Radiology 99: 192-196.
Reason for exclusion: non-human.

73. Subramanian G, McAfee JG, Blair RJ, Mehter A, Connor T (1972), 99m Tc-EHDP: a potential
radiopharmaceutical for skeletal imaging, Journal of Nuclear Medicine 13: 947-950.
Reason for exclusion: non-human.

74. Sveshnikov AA, Shved SI, Mingazova NB, Karagodin EG, Ofitserova NV (1985), [Radionuclide research
on reparative bone formation during the treatment of spiral bone fractures of the leg by GA Ilizarov's
method]. [Russian], Meditsinskaia Radiologiia 30: 41-47.
Reason for exclusion: not a stannous colloid study.

75. Toran L, Palumbo AV (1992), Colloid transport through fractured and unfractured laboratory sand
columns, Journal of Contaminant Hydrology 9: 289-303.
Reason for exclusion: non-human.

76. Turner JH (1983), Post-traumatic avascular necrosis of the femoral head predicted by preoperative
technetium-99m antimony-colloid scan. An experimental and clinical study, Journal of Bone & Joint Surgery
65: 786-796.
Reason for exclusion: not a stannous colloid study.

77. Veluvolu P, Isithman AT, Collier BD, Whalen JP, Bell RM (1988), False-positive technetium-99m sulfur
colloid gastrointestinal bleeding study due to Paget's disease, Clinical Nuclear Medicine 13: 465-466.
Reason for exclusion: not a stannous colloid study.

78. Venn R, Steele A, Richardson P, Poloniecki J, Grounds M, Newman P (2002), Randomized controlled trial
to investigate influence of the fluid challenge on duration of hospital stay and perioperative morbidity in
patients with hip fractures, British Journal of Anaesthesia 88: 65-71.
Reason for exclusion: not a stannous colloid study.

79. Willcox N, Oakley P (2002), Survival with an arterial pH of 6.57 following major trauma with
exsanguinating haemorrhage associated with traumatic amputation, Resuscitation 53: 217-221.
Reason for exclusion: not a stannous colloid study.



LeukoScan® 101

Gallium-67 citations

1. Adatepe MH, Powell OM, Isaacs GH, Nichols K, Cefola R (1986), Hematogenous pyogenic vertebral
osteomyelitis: diagnostic value of radionuclide bone imaging, Journal of Nuclear Medicine 27: 1680-1685.
Reason for exclusion: wrong patient group.

2. Al Sheikh W, Sfakianakis GN, Hourani M (1982), A prospective comparative study of the sensitivity and
specificity of In-111 leukocyte, gallium-67 and bone scintigraphy and roentgenograms in the diagnosis of
osteomyelitis with and without orthopedic prosthesis, Journal of Nuclear Medicine 23: 29-30.
Reason for exclusion: abstract.

3. Alazraki N, Fierer J, Resnick D (1985), Chronic osteomyelitis: monitoring by 99mTc phosphate and 67Ga
citrate imaging, American Journal of Roentgenology 145: 767-771.
Reason for exclusion: wrong outcomes.

4. Alazraki N, Dries D, Datz F (1985), Value of a 24-hour image (four-phase bone scan) in assessing
osteomyelitis in patients with peripheral vascular disease, Journal of Nuclear Medicine 26: 711-717.
Reason for exclusion: small sample size < 20 patients.

5. Alazraki NP (1993), Radionuclide imaging in the evaluation of infections and inflammatory disease.
[Review] [61 refs], Radiologic Clinics of North America 31: 783-794.
Reason for exclusion: review.

6. Amundsen TR, Siegel MJ, Siegel BA (1984), Osteomyelitis and infarction in sickle cell hemoglobinopathies:
differentiation by combined technetium and gallium scintigraphy, Radiology 153: 807-812.
Reason for exclusion: wrong patient group.

7. Andrich MP, Chen CC, Gallin JI (1993), Abnormal bone scintigraphy before clinical symptoms in a patient
with defective phagocyte function, Clinical Nuclear Medicine 18: 153-154.
Reason for exclusion: wrong patient group.

8. Apseloff G (1999), Therapeutic uses of gallium nitrate: past, present, and future, American Journal of
Therapeutics 6: 327-339.
Reason for exclusion: review.

9. Bakst RH, Kanat IO (1987), Postoperative osteomyelitis following implant arthroplasty of the foot:
diagnosis with indium-111 white blood cell scintigraphy. [Review] [32 refs], Journal of Foot Surgery 26: 466-
470.
Reason for exclusion: review.

10. Becker W (1999), Imaging osteomyelitis and the diabetic foot, Quarterly Journal of Nuclear Medicine 43: 9-20.
Reason for exclusion: review.

11. Benecke JEJ (1989), Management of osteomyelitis of the skull base, Laryngoscope 99: 1220-1223.
Reason for exclusion: wrong patient group.

12. Berkowitz ID, Wenzel W (1980), 'Normal' technetium bone scans in patients with acute osteomyelitis,
American Journal of Diseases of Children 134: 828-830.
Reason for exclusion: wrong patient group.

13. Bilchik TR, Heyman S (1992), Skeletal scintigraphy of pseudo-osteomyelitis in Gaucher's disease. Two case
reports and a review of the literature, Clinical Nuclear Medicine 17: 279-282.
Reason for exclusion: wrong patient group.

14. Blom J, Pauwels EK, Piso LN, Taminiau AH (1983), Misleading 67Ga uptake and serial bone scintigraphy
in osteoid osteoma, Diagnostic Imaging 52: 276-279.
Reason for exclusion: wrong patient group.
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15. Blumenkopf B, Hartshorne MF, Bauman JM (1987), Craniotomy flap osteomyelitis: a diagnostic approach,
Journal of Neurosurgery 66: 96-101.
Reason for exclusion: wrong patient group.

16. Borman TR, Johnson RA, Sherman FC (1986), Gallium scintigraphy for diagnosis of septic arthritis and
osteomyelitis in children, Journal of Pediatric Orthopedics 6: 317-325.
Reason for exclusion: wrong patient group.

17. Boxen I, Ballinger JR (1991), Nuclear medicine detection of inflammation and infection. [Review] [67 refs],
Current Opinion in Radiology 3: 840-850.
Reason for exclusion: review.

18. Braga FJ, Araujo EB, Camargo EE, Rivitti MC, Cuce LC (1993), Scintigraphic evaluation of mycetoma,
Nuclear Medicine Communications 14: 814-818.
Reason for exclusion: wrong patient group.

19. Bykov S, Garty I, Lumelsky D, Miron D (1999), Unexpected diagnosis of acute pyelonephritis as a cause in
neonatal osteomyelitis and septic arthritis using Ga-67 citrate scintigraphy, Clinical Nuclear Medicine 24: 809-
810.
Reason for exclusion: wrong patient group.

20. Caruana V, Swayne LC (1988), Gallium detection of Salmonella costochondritis, Journal of Nuclear Medicine
29: 04-2007.
Reason for exclusion: wrong patient group.

21. Chandler JR, Grobman L, Quencer R, Serafini A (1986), Osteomyelitis of the base of the skull, Laryngoscope
96: 245-251.
Reason for exclusion: wrong patient group.

22. Chisin R, Noyek AM, Israel O, Witterick IJ, Front D, Kirsh JC (1992), Contribution of nuclear medicine to
the diagnosis and management of extracranial head and neck diseases (excluding thyroid and parathyroid).
[Review] [43 refs], Israel Journal of Medical Sciences 28: 254-261.
Reason for exclusion: review.

23. Chiu NT, Yao WJ, Jou IM, Wu CC (1997), The value of 67Ga-citrate scanning in psoas abscess, Nuclear
Medicine Communications 18: 1189-1193.
Reason for exclusion: wrong patient group.

24. Coleman RE, Samuelson J, Baim S (1982), Imaging with Tc-99m MDP and Ga-67 citrate in patients with
rheumatoid arthritis and suspected septic arthritis: Concise communication, Journal of Nuclear Medicine 23:
479-482.
Reason for exclusion: wrong patient group.

25. Cox F, Hughes WT (1979), Gallium 67 scanning for the diagnosis of infection in children, American Journal
of Diseases of Children 133: 1171-1173.
Reason for exclusion: wrong patient group.

26. Crokaert F, Schoutens A, Wagner J, Ansay J (1982), Gallium-67 citrate as an aid to the diagnosis of
infection in hip surgery, International Orthopaedics 6: 163-169.
Reason for exclusion: wrong patient group.

27. Datz FL, Morton KA (1993), New radiopharmaceuticals for detecting infection, Investigative Radiology 28:
356-365.
Reason for exclusion: review.

28. Demopulos GA, Bleck EE, McDougall IR (1988), Role of radionuclide imaging in the diagnosis of acute
osteomyelitis. [Review] [63 refs], Journal of Pediatric Orthopedics 8: 558-565.
Reason for exclusion: review.
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29. Dux S, Halevi J, Pitlik S, Rosenfeld JB (1981), Early diagnosis of infective spondylitis with gallium-67, Israel
Journal of Medical Sciences 17: 451-452.
Reason for exclusion: wrong patient group.

30. Epstein JS, Ganz WI, Lizak M, Grobman L, Goodwin WJ, Dewanjee MK (1992), Indium 111-labeled
leukocyte scintigraphy in evaluating head and neck infections, Annals of Otology, Rhinology & Laryngology 101:
961-968.
Reason for exclusion: wrong patient group.

31. Esdaile J, Rosenthall L (1983), Radionuclide joint imaging, Comprehensive Therapy 9: 54-63.
Reason for exclusion: review.

32. Esterhai JLJ, Brighton CT, Heppenstall RB, Alavi A, Mandell GA (1984), Technetium and gallium
scintigraphic evaluation of patients with long bone fracture nonunion, Orthopedic Clinics of North America 15:
125-130.
Reason for exclusion: review.

33. Esterhai J, Goll SR, McCarthy KE (1987), Indium-111 leukocyte scintigraphic detection of subclinical
osteomyelitis complicating delayed and nonunion long bone fractures: A prospective study, Journal of
Orthopaedic Research 5: 1-6.
Reason for exclusion: not a gallium study.

34. Estoppey O, Rivier G, Blanc CH, Widmer F, Gallusser A, So AL (1997), Propionibacterium avidum
sacroiliitis and osteomyelitis, Revue du Rhumatisme (English edition) 64: 54-56.
Reason for exclusion: wrong patient group.

35. Farley T, Conway J, Shulman ST (1985), Hematogenous pelvic osteomyelitis in children. Clinical correlates
of newer scanning methods, American Journal of Diseases of Children 139: 946-949.
Reason for exclusion: wrong patient group.

36. Feldman N, Makler J, Alavi A (1986), A false-positive indium-111 labeled leukocyte scintigram in a patient
with a painful hip prosthesis, Clinical Nuclear Medicine 11: 38-39.
Reason for exclusion: wrong patient group.

37. Firooznia H, Rafii M, Golimbu C, Sokolow J (1983), Computerized tomography of pelvic osteomyelitis in
patients with spinal cord injuries, Clinical Orthopaedics & Related Research 126-131.
Reason for exclusion: small sample size < 20 patients.

38. Froelich JW, Swanson D (1984), Imaging of inflammatory processes with labeled cells. [Review] [56 refs],
Seminars in Nuclear Medicine 14: 128-140.
Reason for exclusion: review.

39. Gavin AT, Laird JD, Roberts SD (1984), The role of gallium scanning in the detection of bone and joint
sepsis, Ulster Medical Journal 53: 117-120.
Reason for exclusion: small sample size < 20 patients.

40. Gorenberg M, Groshar D, Even-Sapir E, Ben Haim S, Israel O, Front D (1992), Ga-67 uptake
unsuppressed by leukopenia and intense antibiotic therapy, Clinical Nuclear Medicine 17: 97-98.
Reason for exclusion: wrong patient group.

41. Graham GD, Lundy MM, Moreno AJ, Frederick RJ (1983), The role of Tc-99m MDP and Ga-67 citrate in
predicting the cure of osteomyelitis, Clinical Nuclear Medicine 8: 344-346.
Reason for exclusion: non-human study.

42. Grattan-Smith JD, Wagner ML, Barnes DA (1991), Osteomyelitis of the talus: an unusual cause of limping
in childhood, American Journal of Roentgenology 156: 785-789.
Reason for exclusion: wrong patient group.
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43. Gratz S, Dorner J, Oestmann JW, Opitz M, Behr T, Meller J, Grabbe E, Becker W (2000), 67Ga-citrate
and 99Tcm-MDP for estimating the severity of vertebral osteomyelitis, Nuclear Medicine Communications 21:
111-120.
Reason for exclusion: wrong patient group.

44. Greenspan A, Stadalnik RC (1997), A musculoskeletal radiologist's view of nuclear medicine, Seminars in
Nuclear Medicine 27: 372-385.
Reason for exclusion: review.

45. Groshar D, Keren R, Gips S, Israel O, Front D (1984), Osteomyelitis and cellulitis. The value of the lateral
view in Ga-67 scintigraphy, Clinical Nuclear Medicine 9: 236-237.
Reason for exclusion: wrong patient group.

46. Guhlmann A, Brecht-Krauss D, Suger G, Glatting G, Kotzerke J, Kinzl L, Reske SN (1998), Chronic
osteomyelitis: detection with FDG PET and correlation with histopathologic findings, Radiology 39: 2145-
52.
Reason for exclusion: not a gallium study.

47. Haase D, Martin R, Marrie T (1980), Radionuclide imaging in pyogenic vertebral osteomyelitis, Clinical
Nuclear Medicine 5: 533-537.
Reason for exclusion: wrong patient group.

48. Hadjipavlou A, Lisbona R, Rosenthall L (1983), Difficulty of diagnosing infected hypertrophic
pseudarthrosis by radionuclide imaging, Clinical Nuclear Medicine 8: 45-49.
Reason for exclusion: wrong patient group.

49. Hadjipavlou AG, Cesani-Vazquez F, Villaneuva-Meyer J, Mader JT, Necessary JT, Crow W, Jensen RE,
Chaljub G (1998), The effectiveness of gallium citrate Ga 67 radionuclide imaging in vertebral
osteomyelitis revisited, American Journal of Orthopedics (Chatham, NJ) 27: 179-183.
Reason for exclusion: wrong patient group.

50. Handmaker H (1980), Acute hematogenous osteomyelitis: has the bone scan betrayed us?, Radiology 135:
787-789.
Reason for exclusion: review.

51. Handmaker H, Giammona ST (1984), Improved early diagnosis of acute inflammatory skeletal-articular
diseases in children: a two-radiopharmaceutical approach, Pediatrics 73: 661-669.
Reason for exclusion: wrong patient group.

52. Hardoff R, Efrat M, Gips S (1995), Multifocal osteoarticular tuberculosis resembling skeletal metastatic
disease: Evaluation with Tc-99m MDP and Ga-67 citrate, Clinical Nuclear Medicine 20: 279-81.
Reason for exclusion: wrong patient group.

53. Hartshorne MF, Peters V (1987), Nuclear medicine applications for the diabetic foot, Clinics in Podiatric
Medicine & Surgery 4: 361-375.
Reason for exclusion: review.

54. Harvey J, Cohen MM (1997), Technetium-99-labeled leukocytes in diagnosing diabetic osteomyelitis in the
foot, Journal of Foot & Ankle Surgery 36: 209-214.
Reason for exclusion: not a gallium study.

55. Hernandez RJ, Conway JJ, Poznanski AK, Tachdjian MO, Dias LS, Kelikian AS (1985), The role of
computed tomography and radionuclide scintigraphy in the localization of osteomyelitis in flat bones,
Journal of Pediatric Orthopedics 5: 151-154.
Reason for exclusion: wrong patient group.

56. Hetherington VJ (1982), Technetium and combined gallium and technetium scans in the neurotrophic
foot, Journal of the American Podiatry Association 72: 458-463.
Reason for exclusion: wrong patient group.
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57. Hoffer P (1980), Gallium and infection. [Review] [48 refs], Journal of Nuclear Medicine 21: 484-488.
Reason for exclusion: review.

58. Holberg SE (1981), Bone scans – background and value in osteomyelitis, Journal of Foot Surgery 20: 47-48.
Reason for exclusion: review.

59. Humphreys SC, Eck JC, Hodges SD (2002), Neuroimaging in low back pain, American Family Physician 65:
2299-306.
Reason for exclusion: review.

60. Hung GL, Stewart CA, Wang A (2001), Dialysis shunt infection: Scintigraphy and MRI correlation, Clinical
Nuclear Medicine 19: 54-6.
Reason for exclusion: wrong patient group.

61. Ito Y, Nagai K, Otsuka N, Yamashita K, Yokobayashi T, Muranaka A, Terashima H (1980), Experimental
and clinical studies on differential diagnosis of bone diseases with nucleomedical procedures, European
Journal of Nuclear Medicine 5: 357-368.
Reason for exclusion: non-human study.

62. Ivancevic V, Dodig D, Livakovic M, Hancevic J, Ivancevic D (1990), Comparison of three-phase bone
scan, three-phase 99m-Tc-HM-PAO leukocyte scan and 67-gallium scan in chronic bone infection, Progress
in Clinical & Biological Research 355: 189-198.
Reason for exclusion: small sample size < 20 patients.

63. Jacobs AM, Klein S, Oloff L, Tuccio MJ (1984), Radionuclide evaluation of complications after metatarsal
osteotomy and implant arthroplasty of the foot, Journal of Foot Surgery 23: 86-96.
Reason for exclusion: review.

64. Jayaraman S, Al Nahhas AM, Vivian G, Gilbert TJ, Hughes PM (2000), Demonstration of spinal
osteomyelitis with Ga-67 citrate, Tc-99m MDP, and Tc-99m ciprofloxacin with provisionally negative
results on MRI, Clinical Nuclear Medicine 25: 224-226.
Reason for exclusion: wrong patient group.

65. Kahn CEJ, Ryan JW, Hatfield MK, Martin WB (1988), Combined bone marrow and gallium imaging.
Differentiation of osteomyelitis and infarction in sickle hemoglobinopathy, Clinical Nuclear Medicine 13: 443-
449.
Reason for exclusion: wrong patient group.

66. Kao PF, Tsui KH, Leu HS, Tsai MF, Tzen KY (2001), Diagnosis and treatment of pyogenic psoas abscess
in diabetic patients: usefulness of computed tomography and gallium-67 scanning, Urology 57: 246-251.
Reason for exclusion: wrong patient group.

67. Karl RDJ, Hammes CS (1988), Nuclear medicine imaging in podiatric disorders. [Review] [72 refs], Clinics
in Podiatric Medicine & Surgery 5: 909-929.
Reason for exclusion: review.

68. Kaste SC (2000), Infection imaging of children and adolescents cancer therapy: A review of modalities and
an organ system approach, Seminars in Pediatric Infectious Diseases 11: 122-141.
Reason for exclusion: review.

69. Kim EE, Haynie TP, Podoloff DA, Lowry PA, Harle TS (1989), Radionuclide imaging in the evaluation of
osteomyelitis and septic arthritis. [Review] [83 refs], Critical Reviews in Diagnostic Imaging 29: 257-305.
Reason for exclusion: review.

70. Kingston S (1983), The role of technetium and gallium imaging in musculoskeletal disorders. [Review] [32
refs], Clinics in Rheumatic Diseases 9: 347-385.
Reason for exclusion: review.

71. Kirchner PT, Simon MA (1981), Radioisotopic evaluation of skeletal disease, Journal of Bone & Joint Surgery
63: 673-681.
Reason for exclusion: review.
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72. Klein M, Ahn CS, Drum DE, Tow DE (1909), Gallium-67 scintigraphy as an aid in the detection of spinal
epidural abscess, Clinical Nuclear Medicine Vol #1994.
Reason for exclusion: wrong patient group.

73. Knight D, Gray HW, McKillop JH, Bessent RG (1987), Imaging for infection: Caution required with the
Charcot joint, European Journal of Nuclear Medicine 13: 523-526.
Reason for exclusion: wrong patient group.

74. Lafont A, Olive A, Gelman M, Roca-Burniols J, Cots R, Carbonell J (1994), Candida albicans
spondylodiscitis and vertebral osteomyelitis in patients with intravenous heroin drug addiction. Report of 3
new cases, Journal of Rheumatology 21: 953-956.
Reason for exclusion: wrong patient group.

75. Lantsberg S, Rachinsky I, Boguslavsky L (1999), False-positive Ga-67 uptake in a septic patient after severe
automobile trauma, Clinical Nuclear Medicine 24: 890-891.
Reason for exclusion: wrong patient group.

76. Lewin JS, Rosenfield NS, Hoffer PB, Downing D (1986), Acute osteomyelitis in children: combined Tc-
99m and Ga-67 imaging, Radiology 158: 795-804.
Reason for exclusion: wrong patient group.

77. Lin WY, Wang SJ, Cheng KY, Shen YY, Changlai SP (1998), Diagnostic value of bone and Ga-67 imaging
in skeletal tuberculosis, Clinical Nuclear Medicine 23: 743-746.
Reason for exclusion: wrong patient group.

78. Lipsky BA (1997), Osteomyelitis of the foot in diabetic patients, Clinical Infectious Diseases 25: 1318-1326.
Reason for exclusion: review.

79. Lisbona R, Derbekyan V, Novales-Diaz J, Veksler A (1993), Gallium-67 scintigraphy in tuberculous and
nontuberculous infectious spondylitis, Journal of Nuclear Medicine 34: 853-859.
Reason for exclusion: wrong patient group.

80. Lopez-Majano V, Miskew D, Sansi P (1981), Bone scintigraphy in drug addiction, European Journal of
Nuclear Medicine 6: 17-21.
Reason for exclusion: not a gallium study.

81. Love C, Patel M, Lonner BS, Tomas MB, Palestro CJ (2000), Diagnosing spinal osteomyelitis: a
comparison of bone and Ga-67 scintigraphy and magnetic resonance imaging, Clinical Nuclear Medicine 25:
963-977.
Reason for exclusion: wrong patient group.

82. Lucio E, Adesokan A, Hadjipavlou AG, Crow WN, Adegboyega PA (2000), Pyogenic spondylodiskitis: a
radiologic/pathologic and culture correlation study, Archives of Pathology & Laboratory Medicine 124: 712-716.
Reason for exclusion: wrong patient group.

83. Mandell GA (1996), Imaging in the diagnosis of musculoskeletal infections in children. [Review] [46 refs],
Current Problems in Pediatrics 26: 218-237.
Reason for exclusion: review.

84. Maric N, Chan SM, Hoffer PB, Duray P (1988), Radiolabeled porphyrin vs gallium-67 citrate for the
detection of human melanoma in athymic mice, International Journal of Radiation Applications & Instrumentation
– Part B, Nuclear Medicine & Biology 15: 543-551.
Reason for exclusion: non-human study.

85. Martin RD, Rieckenbrauck N (1993), The role of the bone-gallium scan in sternal osteomyelitis, Annals of
Plastic Surgery 30: 320-322.
Reason for exclusion: wrong patient group.

86. Mendelson DS, Som PM, Mendelson MH, Parisier SC (1983), Malignant external otitis: the role of
computed tomography and radionuclides in evaluation, Radiology 149: 745-749.
Reason for exclusion: wrong patient group.



LeukoScan® 107

87. Merkel KD, Fitzgerald RHJ, Brown ML (1984), Scintigraphic evaluation in musculoskeletal sepsis.
[Review] [106 refs], Orthopedic Clinics of North America 15: 401-416.
Reason for exclusion: review.

88. Meyers SP, Wiener SN (1991), Diagnosis of hematogenous pyogenic vertebral osteomyelitis by magnetic
resonance imaging, Archives of Internal Medicine 151: 683-687.
Reason for exclusion: wrong patient group.

89. Miro JM, Brancos MA, Abello R, Lomena F, Bisbe J, Ribalta T, Rotes-Querol J (1988), Costochondral
involvement in systemic candidiasis in heroin addicts: Clinical, scintigraphic, and histologic features in 26
patients, Arthritis & Rheumatism 31: 793-797.
Reason for exclusion: wrong patient group.

90. Modic MT, Feiglin DH, Piraino DW, Boumphrey F, Weinstein MA, Duchesneau PM, Rehm S (1985),
Vertebral osteomyelitis: assessment using MR, Radiology 157: 157-166.
Reason for exclusion: wrong patient group.

91. Mokassa LB, Wagner J, Verhas M (1990), Comparison of the use of indium 111 labelled leucocyte scan and
gallium 67 in the diagnosis of postoperative infection, International Orthopaedics 14: 155-159.
Reason for exclusion: non-English.

92. Moreno AJ, Weisman IM, Rodriguez AA, Henry CD, Turnbull GL (1987), Nuclear imaging in
osteomyelitis, Clinical Nuclear Medicine 12: 604-609.
Reason for exclusion: small sample size < 20 patients.

93. Murray IP (1980), Bone scanning in the child and young adult. Part II, Skeletal Radiology 5: 65-76.
Reason for exclusion: review.

94. Neumann RD, Sostman HD (1984), 67Ga scintigraphy of the thorax. [Review] [35 refs], Chest 86: 253-256.
Reason for exclusion: review.

95. Nolla JM, Ariza J, Gomez-Vaquero C, Fiter J, Bermejo J, Valverde J, Escofet DR, Gudiol F (2002),
Spontaneous pyogenic vertebral osteomyelitis in nondrug users, Seminars in Arthritis & Rheumatism 31: 271-
278.
Reason for exclusion: wrong patient group.

96. Noyek AM, Kirsh JC, Greyson ND, Wortzman G, Jazrawy H, Freeman JL, Blair RL, Chapnik JS (1984),
The clinical significance of radionuclide bone and gallium scanning in osteomyelitis of the head and neck,
Laryngoscope 94: 1-21.
Reason for exclusion: wrong patient group.

97. Paakkinen S, Vorne M, Lantto T, Mokka R, Sakki S (1987), Detection of inflammation with 99mTC-
HMPAO labelled leucocytes, Annales Chirurgiae et Gynaecologiae 76: 197-200.
Reason for exclusion: wrong patient group.

98. Palestro CJ (1994), The current role of gallium imaging in infection, Seminars in Nuclear Medicine 24: 128-
141.
Reason for exclusion: review.

99. Palestro CJ, Torres MA (1997), Radionuclide imaging in orthopedic infections. [Review] [58 refs], Seminars
in Nuclear Medicine 27: 334-345.
Reason for exclusion: review.

100. Parisier SC, Lucente FE, Som PM, Hirschman SZ, Arnold LM, Roffman JD (1982), Nuclear scanning in
necrotizing progressive "malignant" external otitis, Laryngoscope 92: 1016-1019.
Reason for exclusion: wrong patient group.

101. Pocheville I, Gutierrez C, Villas P, Noguerales F, Hernandez JL (1995), Pneumococcal vertebral
osteomyelitis: A clinical case, Pediatric Infectious Disease Journal 14: 160-161.
Reason for exclusion: wrong patient group.
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102. Pope TL, Teague WG, Kossack R, Bray ST, Flannery DB (1982), Pseudomonas sacroiliac osteomyelitis:
diagnosis by gallium citrate Ga 67 scan, American Journal of Diseases of Children 136: 649-650.
Reason for exclusion: wrong patient group.

103. Quinn WB, Graebner JE, Arenson DJ (1983), Diagnosing osteomyelitis: evaluation and significance of
multiple tracer bone imaging, Journal of Foot Surgery 22: 178-182.
Reason for exclusion: review.

104. Quirce R, Carril JM, Gutie´rrez-Mendiguchi´a C, Serrano J, Rabasa JM, Bernal JM (2002), Assessment of
the diagnostic capacity of planar scintigraphy and SPECT with 99mTc-HMPAO-labelled leukocytes in
superficial and deep sternal infections after median sternotomy, Nuclear Medicine Communications 23: 453-459.
Reason for exclusion: wrong patient group.

105. Roddie ME, Peters AM, Osman S, Danpure HJ, Lavender JP, Neirinckx RD (1988), Osteomyelitis, Nuclear
Medicine Communications 9: 713-717.
Reason for exclusion: not a gallium study.

106. Sachs W, Kanat IO (1986), Radionucleotide scanning in osteomyelitis, Journal of Foot Surgery 25: 311-314.
Reason for exclusion: review.

107. Sakamoto H, Oashi Y, Takasaki K, Sasaki J, Suzuki Y (1984), Diagnosis of osteomyelitis of mandible by
99mTc-MDP and 67Ga citrate imaging, Tokai Journal of Experimental & Clinical Medicine 9: 307-322.
Reason for exclusion: wrong patient group.

108. Salit IE, Detsky AS, Simor AE, Weisel RD, Feiglin D (1983), Gallium-67 scanning in the diagnosis of
postoperative sternal osteomyelitis: concise communication, Journal of Nuclear Medicine 24: 1001-1004.
Reason for exclusion: wrong patient group.

109. Sartoris DJ, Devine S, Resnick D, Golbranson F, Fierer J, Witztum K, Vasquez T, Kerr R, Pineda C
(1985), Plantar compartmental infection in the diabetic foot. The role of computed tomography, Investigative
Radiology 20: 772-784.
Reason for exclusion: review.

110. Schelstraete K, Daneels F, Obrie E (1992), Technetium-99m-diphosphonate, gallium-67 and labeled
leukocyte scanning techniques in tibial nonunion, Acta Orthopaedica Belgica 58 Suppl 1: 168-172.
Reason for exclusion: review.

111. Shafer RB, Marlette JM, Browne GA, Elson MK (1981), The role of Tc-99m phosphate complexes and
gallium-67 in the diagnosis and management of maxillofacial disease: concise communication, Journal of
Nuclear Medicine 22: 8-11.
Reason for exclusion: wrong patient group.

112. Shuper A, Derossett S, Hurko O (1992), Confusion as the presenting manifestation of vertebral
osteomyelitis: a case report, Israel Journal of Medical Sciences 28: 864-868.
Reason for exclusion: wrong patient group.

113. Silberstein EB (1981), Gallium scanning in inflammatory and neoplastic conditions, Clinical Nuclear Medicine
6: 63-67.
Reason for exclusion: review.

114. Silva F, Laguna R, Acevedo M, Ruiz C, Orduna E (1995), Scintigraphic findings in a Brodie's abscess,
Clinical Nuclear Medicine 20: 913-5.
Reason for exclusion: wrong patient group.

115. Stokkel MP, Takes RP, van ES, Baatenburg D (1997), The value of quantitative gallium-67 single-photon
emission tomography in the clinical management of malignant external otitis, European Journal of Nuclear
Medicine 24: 1429-1432.
Reason for exclusion: wrong patient group.
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116. Strashun AM, Nejatheim M, Goldsmith SJ (1984), Malignant external otitis: early scintigraphic detection,
Radiology 150: 541-545.
Reason for exclusion: wrong patient group.

117. Streek PV, Carretta RF, Weiland FL, Shelton DK (1998), Upper extremity radionuclide bone imaging: the
wrist and hand, Seminars in Nuclear Medicine 28: 14-24.
Reason for exclusion: review.

118. Sugarman B, Hawes S, Musher DM (1983), Osteomyelitis beneath pressure sores, Archives of Internal
Medicine 143: 683-688.
Reason for exclusion: small sample size < 20 patients.

119. Sun SS, Tsai SC, Shiau YC, Kao CH (2001), Simultaneous Tc-99m MDP and Ga-67 citrate uptake of
benign lymphoid hyperplasia in the mastoid region, Clinical Nuclear Medicine 26: 797.
Reason for exclusion: wrong patient group.

120. Sziklas JJ, Negrin JA, Rosshirt W, Rosenberg RJ, Spencer RP (1991), Diagnosing osteomyelitis in
Gaucher's disease observations on two cases, Clinical Nuclear Medicine 16: 487-489.
Reason for exclusion: wrong patient group.

121. Tsuda T, Matsunami M, Nakayama K, Hara J, Sakaguchi R, Katayama N, Okamoto Y, Ota K (2001),
Autologous peripheral stem-cell transplantation after intensive chemotherapy in a case of CD30 (Ki-1)-
positive anaplastic large-cell lymphoma, Journal of International Medical Research 29: 425-431.
Reason for exclusion: wrong patient group.

122. Tyler JL (1983), Orbital accumulation of gallium-67 citrate, Clinical Nuclear Medicine 8: 469-473.
Reason for exclusion: wrong outcomes.

123. Tzen KY, Yen TC, Yang RS, Lee CM, Kao PF, Lin KJ (2000), The role of 67Ga in the early detection of
spinal epidural abscesses, Nuclear Medicine Communications 21: 165-170.
Reason for exclusion: wrong patient group.

124. Umans H, Haramati N, Flusser G (2000), The diagnostic role of gadolinium enhanced MRI in
distinguishing between acute medullary bone infarct and osteomyelitis, Magnetic Resonance Imaging 18: 255-
262.
Reason for exclusion: wrong patient group.

125. Velkes S, Nerubay J, Lokiec F (1996), Stress fracture of the proximal femur after screw removal, Archives of
Orthopaedic & Trauma Surgery 115: 61-62.
Reason for exclusion: wrong patient group.

126. Wagner DK, Collier BD, Rytel MW (1985), Long-term intravenous antibiotic therapy in chronic
osteomyelitis, Archives of Internal Medicine 145: 1073-1078.
Reason for exclusion: wrong outcomes.

127. Wegener WA, Alavi A (1991), Diagnostic imaging of musculoskeletal infection. Roentgenography; gallium,
indium-labeled white blood cell, gammaglobulin, bone scintigraphy; and MRI. [Review] [84 refs], Orthopedic
Clinics of North America 22: 401-418.
Reason for exclusion: review.

128. Weinstein D, Wang A, Chambers R, Stewart CA, Motz HA (1993), Evaluation of magnetic resonance
imaging in the diagnosis of osteomyelitis in diabetic foot infections, Foot & Ankle 14: 18-22.
Reason for exclusion: small sample size < 20 patients.

129. Wheat J (1985), Diagnostic strategies in osteomyelitis, American Journal of Medicine 78: 218-224.
Reason for exclusion: review.

130. Wiest PW, Hartshorne MF (2001), Chronic osteomyelitis: Clarification of nuclear medicine findings by
fusion scans, Clinical Nuclear Medicine 26: 233-236.
Reason for exclusion: wrong patient group.
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131. Winzelberg GG (1983), Radionuclide evaluation of nonmalignant bone disorders, American Family Physician
27: 175-181.
Reason for exclusion: review.

132. Wong M, Isaacs D, Howman-Giles R, Uren R (1995), Clinical and diagnostic features of osteomyelitis
occurring in the first three months of life, Pediatric Infectious Disease Journal 14: 1047-1053.
Reason for exclusion: wrong patient group.

133. Wulfeck DW, Williams TE, Eberly S (1995), Scintigraphic diagnosis of prostaglandin induced periostitis,
Clinical Nuclear Medicine 20: 282.
Reason for exclusion: wrong patient group.

134. Yapar Z, Kibar M, Yapar AF, Togrul E, Kayaselcuk U, Sarpel Y (2001), The efficacy of technetium-99m
ciprofloxacin (Infecton) imaging in suspected orthopaedic infection: a comparison with sequential
bone/gallium imaging, European Journal of Nuclear Medicine 28: 822-830.
Reason for exclusion: small sample size < 20 patients.
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Appendix F Leukoscan® study
characteristics

Table 40 provides a description of the reference standards used in the studies identified
for review.

Table 40 Description of reference standards used in studies of LeukoScan®

First author (year) Reference standard
Study 07a Bone biopsy (preferably closed percutaneous) performed on 80 patients. Specimens obtained used

for histology and/or bacterial cultures. The managing physician did not recommend a bone biopsy on
21 patients on ethical grounds.

Study 08a Bone biopsy (preferably closed percutaneous) performed on 95 patients. Specimens obtained used
for histology and/or bacterial cultures. The managing physician considered that the clinical picture in
28 patients did not warrant a bone biopsy.

Ryan (2002) Not stated.
Becker (1996) Various tests used: patient data and final diagnoses were obtained by bacterial tests, biopsy, or any

other standard diagnostic technique such as: CT scanning, surgery, MRI, ultrasound.
Becker (1994) Various tests used: patient data and final diagnoses were obtained by bacterial tests, biopsy, plain

radiographic studies, CT, MRI or surgery.
Abbreviations: CT, computerised tomography; MRI, magnetic resonance imaging; 99mTc MDP, technetium-99m methylene diphosphonate;
WBC, white blood cell.
aData also published in Harwood et al (1999), Hakki et al (1997) and Harwood et al (1994).

Table 41 provides a description of the comparator tests performed in the studies identified
for review.

Table 41 Description of comparator tests performed in studies of LeukoScan®

First author (year) Comparator
Study 07a Within 10 days of the LeukoScan  procedure, patients underwent a WBC scan, with either 111In or

99mTc used as a radiolabel (for a short period of time during the study indium oxine was not available;
a 99mTc-labelled bone scan was performed during this time).

Study 08a Within 10 days of the LeukoScan  procedure, patients underwent a WBC scan, with either 111In or
99mTc used as a radiolabel (for a short period of time during the study indium oxine was not available;
a 99mTc-labelled bone scan was performed during this time).

Ryan (2002) None.
Becker (1996) 38 of the 53 patients underwent WBC imaging using 111In oxine (n = 29) or 99mTc HMPAO (n = 9).
Becker (1994) WBC imaging using 111In oxine (Amersham) (n = 8) or 99mTc HMPAO (Amersham) (n = 8) performed

within five days prior to or after antibody imaging, using either 20 MBq of 111In or 400 MBq of 99mTc
HMPAO. Gamma camera images obtained four hours and 20 hours after reinjection of the labelled
WBCs.

Abbreviations: HMPAO, hexamethylpropyleneamine oxime ; 111In, indium-111; 99mTc, technetium-99m; WBC, white blood cell.
aData also published in Harwood et al (1999), Hakki et al (1997) and Harwood et al (1994).
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Table 42 provides a description of the efficacy outcomes reported in the studies
identified for review.

Table 42 Efficacy outcomes reported in studies of LeukoScan®

First author (year) Outcomes
Study 07a Diagnostic utility – defined as efficacy of LeukoScan  to detect infection/inflammation in bone

(osteomyelitis). It was assessed by the standard diagnostic parameters (sensitivity, specificity,
accuracy, PPV, NPV).
Clinical benefit – defined as the impact of the LeukoScan  diagnostic utility results on patient
management, assessed by the following:
•  Contribution of diagnostic information that was not available from other procedures or that

permitted reductions in the need for these procedures
•  Changes in clinical management
•  Improvement in clinical outcomes
•  Ease of use and safety of LeukoScan  compared with other diagnostic modalities.

Study 08a Diagnostic utility – defined as efficacy of LeukoScan  to detect infection/inflammation in bone
(osteomyelitis). It was assessed by the standard diagnostic parameters (sensitivity, specificity,
accuracy, PPV, NPV).
Clinical benefit – defined as the impact of the LeukoScan  diagnostic utility results on patient
management, assessed by the following:
•  Contribution of diagnostic information that was not available from other procedures or that

permitted reductions in the need for these procedures
•  Changes in clinical management
•  Improvement in clinical outcomes
•  Ease of use and safety of LeukoScan  compared with other diagnostic modalities.

Ryan (2002) Diagnostic accuracy – sensitivity, specificity, accuracy, PPV, NPV of LeukoScan  based on a
retrospective review of case notes.

Becker (1996) Diagnostic accuracy – the detection of focal inflammation in patients thought to have acute
infections.
Dose – the effect of different amounts of antibody, ranging from 0.1 mg to 1.0 mg.

Becker (1994) Diagnostic accuracy– sensitivity, specificity, accuracy, PPV, NPV of LeukoScan  for the detection of
soft-tissue infections and osteomyelitis (data not separated).

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.
aData also published in Harwood et al (1999), Hakki et al (1997) and Harwood et al (1994).
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Appendix G Quality scoring

Table 43 Quality scoring scale for LeukoScan® and comparator studies

Evaluation criteria Quality
score

Criteria for study validity
A. Did the study use a consecutive sample of participants?

No (not reported) 0
Yes 1

B. Were clinical outcomes subsequent to test results reported?
No 0
Partially (eg, only reported for selected tests) 1
Yes 2

C. Was the test being evaluated compared with a valid reference standard?
No (not reported) 0
Variable 1
Yes 2

D. Were the test and the reference standard measured independently (blind) of each other?
No (or not reported) 0
The reference standard was measured independently of the test but not vice versa 1
The test was measured independently of the reference standard but not vice versa 2
The test was measured independently of the reference standard and the reference standard
independently of the test

3

E. Was the choice of patients who were assessed by the reference standard independent of the test
results (avoidance of verification bias)?

No (not reported) 0
Yes 1

F. Was the reference standard measured before any interventions were started with knowledge of
test results (avoidance of treatment paradox)?

No (not reported) 0
Yes 1

Additional validity criteria for studies comparing tests
G. Were tests (test, reference standard) compared in a valid design?

Different tests done on different individuals, not randomly allocated (case-control) 0
Different tests done on randomly allocated individuals (parallel randomised or quasi-
randomised)

1

Tests performed on each individual (single group with sequential tests) 2

Criteria relevant to the applicability of the results
H. Was the diagnostic work-up consistent with Australian setting?

No (not reported) 0
Yes 1

I. Did the patient population have similar disease characteristics to the TGA-listed indication?
No 0
Partially 1
Yes 2
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Abbreviations

AHMAC Australian Health Ministers’ Advisory Council
AIHW Australian Institute of Health and Welfare
AMA Australian Medical Association
AR-DRG Australian-refined diagnosis-related groups
CCOHTA Canadian Coordinating Office for Health Technology Assessment
CI Confidence interval
CPMP Committee for Proprietary Medicinal Products
CT Computed tomography
DOR Diagnostic odds ratio
EMEA European Agency for the Evaluation of Medical Products
Fab Antibody fragment
HAMA Human anti-mouse antibodies
HBV Hepatitis B virus
HCFA Health Care Financing Administration (US)
HCV Hepatitis C virus
HIC Health Insurance Commission
HIRU Health Information Research Unit (Canada)
HIV Human immunodeficiency virus
HMPAO Hexamethylpropyleneamine oxime
HSTAT Health Services Technology Assessment Texts (US)
ICD-10-AM ICD-10-AM, International Statistical Classification of Disease and

Related Health Problems, 10th revision, Australian Modification
ICER Incremental cost-effectiveness ratio
IgG Immunoglobulin G
111In Indium-111
INAHTA International Network of Agencies for Health Technology

Assessment
ITT Intention-to-treat
MBS Medical Benefits Scheme
MDP Methylene diphosphonate
MRI Magnetic resonance imaging
MSAC Medical Services Advisory Committee
M-TAG Medical Technology Assessment Group
NCA-90 Normal cross-reacting antigen
NHMRC National Health and Medical Research Council
NPV Negative predictive values
PPV Positive predictive values
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QALY Quality adjusted life years
SBU Swedish Council on Technology Assessment in Health Care
SPECT Single photon emission computed tomography
99mTc Technetium-99m
TGA Therapeutic Goods Administration
THR Total hip replacement
TKR Total knee replacement
WBC White blood cell
X-ray Plain radiography
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