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2. SUMMARY 
 
I have a background of active research in Radiation Oncology since passing the final 
examination of the Royal Australian and New Zealand College of Radiologists (RANZCR) at 
the first attempt in 1992.  My first two papers were published the following year [1,2 – see  
curriculum vitae], and there are currently 49 publications (26 first authorships). 
 
My primary research interest has involved the use of radiotherapy (RT) for palliation of 
painful bone metastases.  This interest originated from a year at Mt Vernon Hospital, UK, as 
the inaugural RANZCR Windeyer Fellow in Clinical Oncology (1993).  I worked with Dr 
Peter Hoskin, a leading figure in the British Bone Pain Trial Working Party responsible for 
three randomised fractionation trials on this subject.  These and many other previous and 
subsequent studies have demonstrated (counter-intuitively) that low dose single fraction RT is 
as effective as higher dose fractionated schedules in relieving bone pain, with intention-to-
treat overall response rates (RRs) of about 60%.  However, the studies provided virtually no 
data on the efficacy of RT specifically for bone pain with a neuropathic component (NBP), a 
scenario occurring in perhaps as many as 20% of patients with bone metastases during the 
course of their disease. 
 
On returning to Australia as a consultant radiation oncologist at the Royal Adelaide Hospital 
in 1994, I joined the Trans-Tasman Radiation Oncology Group (TROG), the major 
radiotherapy clinical trials group in Australasia.  During the following year, I developed a 
protocol for a randomised controlled trial comparing one with five fractions of RT for NBP 
(TROG 96.05).  The first patient was registered in February 1996, and a total of 15 centres in 
Australia (11), New Zealand (3) and UK (1) took part.  A National Health and Medical 
Research Council Project Grant of $172,000 was awarded for the study (1998-2000).  
Preliminary findings (blinded to trial arm) were published in 2000 [23], and extensive quality 
assurance activities for the trial were summarised in two further publications [21,38].  The 
accrual target was met in December 2002 (n = 272) and the final analysis was reported as an 
oral presentation at the 12th European Cancer Congress, Copenhagen, September 2003.  The 
essential findings were that NBP responds similarly to localised pain (overall intention-to-
treat RR 57%) with no statistically significant difference in RR or time to treatment failure 
between randomisation arms [43].  A subsequent cost analysis quantified the relative cost to 
the Australian healthcare system for the two fractionation schedules [47]. 
 
During the conduct of the trial, I undertook and published a survey confirming the reluctance 
of Australasian radiation oncologists to use single fractions for painful bone metastases 
despite the emerging randomised trial results [24].  I also contributed to the international 
debate on this controversial subject as co-author with three high profile researchers in a 
Letter-to-the-Editor [20], and was a member of an International Consensus Panel on palliative 
radiotherapy endpoints for future bone metastases trials [Chow E et al. Radiother Oncol 
2002;64:275-80]. 
 
I presented invited lectures entitled: Fractionation regimens for metastatic bone pain 
(RANZCR Scientific Meeting, Brisbane, 1998); Neuropathic pain and bone metastases (Royal 
College of Radiologists Second Consensus Workshop in Palliative Radiotherapy and 
Symptom Control, London, 2000) [27]; Radiotherapy for neuropathic bone pain: TROG 96.05 
update (International Congress of Radiation Oncology, Melbourne, 2001) [30].  My 
recognised expertise in this field also led to invitations to write an Editorial on the published 
overviews of bone pain studies [40], and a book chapter on bone metastases from lung cancer 
[49]. 
 
My active role in bone pain research continues.  The abovementioned International Consensus 
Panel collaboration led to the development of the first randomised trial on re-treatment of 
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bone metastases with RT.  This National Cancer Institute of Canada sponsored international 
Intergroup trial (NCIC SC.20/TROG 03.08) has an accrual target of 650 patients and was 
activated in January 2004.  I am the Australasian Co-Chair, securing $40,000 funding for 
local capitation from Cancer Council Australia in February 2004. 
 
I believe this body of work constitutes a significant contribution to the literature on RT for 
bone metastases, and NBP in particular.  My research on the latter constitutes the first 
prospective data ever obtained on RT for this clinical problem, enabling informed selection of 
single or multiple fraction treatment schedules. 
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3. INTRODUCTION 
 
Bone metastases occur in the majority of patients with disseminated cancer and radiotherapy 
(RT) is frequently employed to treat symptomatic sites, constituting about 40% of palliative 
RT courses and 20% of the total workload in a typical radiation oncology department [10 – 
see references at end of this section].  When a bone metastasis erodes through the cortex, its 
soft tissue component can exert pressure on, or irritate adjacent nerves giving rise to 
“neuropathic bone pain” (NBP).  This most often occurs in relation to the vertebrae, where 
involvement of spinal nerve roots gives rise to a classical “dermatomal” distribution of the 
pain.  It may also occur due to pathological fracture where collapse of the vertebral body and 
pedicle(s) can cause nerve root compression.  Less commonly, rib metastases can lead to 
intercostal neuralgia by the same two mechanisms; rarely, skeletal metastases at other sites 
can secondarily involve adjacent nerves to cause peripheral neuropathies. 
 
Since the landmark Radiation Therapy Oncology Group study (1982), there have been at least 
23 published randomised trials (including abstracts) involving more than 7,000 patients  
comparing various RT fractionation schedules for metastatic bone pain.  Single fraction doses 
have ranged from 4 to 15 Gray (Gy) and fractionated doses from 15 Gy in 5 fractions to 40.5 
Gy in 15 fractions.  The commonest primaries were breast (∼40% of randomised patients), 
lung (∼20%) and prostate (∼20%).  Further details of the trials published up until 1999 are 
given in Table 5 of reference [10], and subsequently in references [5], [12] and [14].  These 
studies have been criticised on many grounds (inconsistent definitions of pain severity and 
pain response; variable account taken of the contribution from analgesics, co-analgesics and 
systemic anti-neoplastic treatments; limited follow-up; small sample size etc) [9].  
Nevertheless, their conclusions have been remarkably consistent, if somewhat counter-
intuitive – low dose schedules, in particular, single fractions (≥ 8 Gy) produce equivalent 
partial and complete response rates (RRs) to higher dose fractionated schedules.  This issue 
has been the subject of much controversy in the radiation oncology literature, particularly in 
the late 1990s when two published overviews came to essentially opposite conclusions 
regarding the efficacy of single vs multiple fractions [8,9].  This led to the establishment of an 
International Consensus Panel on palliative endpoints for bone pain fractionation studies, an 
attempt to improve on the quality and consistency of reporting of such studies [5].  Two 
subsequent formal meta-analyses, incorporating further randomised trial data, independently 
confirmed equivalent RRs of single and multiple fraction schedules for metastatic bone pain.  
They found intention-to-treat overall RRs of approximately 60%, with about one third of 
patients achieving a complete response.  The RRs are approximately 10% higher for 
evaluable patients (i.e. when the denominators represent assessable rather than randomised 
patients), which is the way most studies have been reported [12,14].  Yet another meta-
analysis published in Abstract form in 2003 again found equivalent efficacy for short and 
multiple fractionated courses [6]. 
 
The absence of a dose-response above a single 8 Gy for metastatic bone pain, together with 
the rapid pain relief (hours to days) sometimes observed after RT, both provide indirect 
evidence that tumour shrinkage alone cannot fully explain how RT achieves analgesia.  
Instead, it is more likely that radiation suppresses the release of pain mediators elaborated by 
tumour or host cells in the vicinity of the metastasis.  There is some data to support the 
osteoclast as the therapeutic target – urinary markers of osteoclast activity correlate with 
response to RT [7].   
 
 
 
 
 
3.1 Clinicians’ reluctance to use single fractions 



 12

  
Despite the accumulating randomised data on the efficacy of single fraction RT for metastatic 
bone pain, surveys conducted in several countries during the 1990s consistently showed an 
unwillingness on the part of radiation oncologists to embrace this evidence in everyday 
practice.  Use of single fractions for various case scenarios was reported between 0-42%.  It 
was particularly uncommon in the USA where, historically, there has been little use of large 
single fractions for any indication.  Indeed, significant inter-continental differences have been 
demonstrated, reflecting the “apprenticeship” nature of training.  Financial issues play a role 
(reimbursement relates to the number of fractions delivered per course).  Primary site 
influences fractionation (there is greater use of single fractions for cancers considered to have 
worse prognosis, notably lung relative to breast and prostate), although reported response 
rates are not dependent upon this factor.  The presence of neuropathic pain leads to a higher 
use of fractionated treatment, presumably reflecting the perceived risk of impending 
cord/cauda equina compression and/or the desire to maximise tumour shrinkage to decrease 
pressure on nerves [10]. 
 
Debate in the radiation oncology literature has largely been along USA versus non-USA lines 
[1].  However, it is notable that the Radiation Therapy Oncology Group, a major USA 
research organisation, has recently published the results of its own fractionation study on bone 
pain for breast and prostate primaries.  Consistent with the other randomised trials, no 
difference was found in response rates or quality of life between a single 8 Gy and 30 Gy in 
10 fractions [4], and it is possible that this trial will significantly modify American practice in 
due course. 
 
 
3.2 Remaining issues with the use of single fractions for localised bone pain 
  
While there now seems little doubt about equivalent response rates with single vs multiple 
fractions, re-treatment has been consistently found to be more common after single fractions.  
In their meta-analysis, Sze et al found respective re-irradiation rates of 21.5% versus 7.4% (P 
< 0.00001) in the 5 randomized trials analysing this variable [12].  However, in view of the 
lack of difference in the pattern of pain relapse between the single vs multiple fraction arms at 
the time of re-treatment, this difference is presumed to reflect clinicians’ greater willingness 
to re-irradiate after lower dose (single fraction) RT.  There also appears to be a statistically 
significant greater rate of pathological fractures after single fractions, although the absolute 
difference is small (3% vs 1.6%, P = 0.03) [12].  It is possible that this latter observation may 
be due partly to a greater detection rate after single fractions at the time of planning for re-
treatment.  On the other hand, no difference has been found in rates of cord/cauda equina 
compression (5.7% versus 4.1%, P = 0.3), acute toxicity or quality of life [12].  Comparative 
cost-effectiveness data are very limted [11]. 
 
 
3.3 Radiotherapy for neuropathic bone pain 
  
Despite this abundance of randomised evidence for (localised) metastatic bone pain, there 
have previously been virtually no prospective data on RT for bone pain with a neuropathic 
component.  This is because in nearly all of the trials, NBP was either explicitly (or 
implicitly) excluded, or those patients with a neuropathic component were not separately 
identified.  The one exception was the The British Bone Pain Trial Working Party study 
which reported “the likelihood and durability of pain relief in 84 [of 761] patients thought to 
have referred pain at presentation was not significantly different from that of patients without 
referred pain (data not shown)” [2].  However, these data were extracted retrospectively from 
pain charts on which the pain distribution was drawn on to body diagrams.  The proportion of 
these patients with genuine NBP was thus uncertain. 
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Indeed, even the definition of neuropathic pain is problematical.  Standard pain textbooks use 
tautologous statements like “pain due to injury or dysfunction of the nervous system”.  
Patients will often use alternative terms to “pain” when attempting to describe the unpleasant 
nature of their sensory symptoms e.g. burning, pins and needles, electric shocks, increased 
sensitivity etc.  However, the characteristic feature is a “dermatomal” distribution i.e. there is 
a radiating cutaneous component along the course of one or more spinal nerves (dermatomes) 
or peripheral nerves (part of a dermatome), often associated with altered sensation (hyper- or 
hypo-aesthesia) along the same distribution.  In this way, neuropathic pain is distinct from 
pain “referred” from peripheral joints e.g. hip to knee, or shoulder to elbow.  This latter type 
of pain is mediated by branches of nerves supplying both the joint and the muscles and bones 
acting about the joint and is experienced as deep rather than cutaneous.  A good working 
knowledge of dermatomes is required for the identification of neuropathic bone pain; 
although not widely known, “sclerotomal” charts also exist explaining the observed 
distribution of referred joint pain [3]. 
  
It is likely that NBP is under-diagnosed in this population, and the 11% (84/761) frequency 
suggested in the abovementioned British Bone Pain Trial Working Party study may well be a 
significant underestimate.  I have been unable to find any other quantitative data in the 
literature to enable a more accurate indication of the proportion of cancer patients who 
develop a neuropathic component to their metastatic bone pain during the course of their 
disease, but my personal clinical impression is that it may be of the order of 15-20%.  
Neuropathic bone pain is thus a hitherto surprisingly neglected aspect of palliative RT 
research, particularly in the context of the relative resistance of neuropathic pain in general to 
pharmacotherapy [13]. 
 
 
3.4 The Neuropathic Bone Pain Trial (TROG 96.05) 
  
Accordingly, in 1995 I proposed to the Trans-Tasman Radiation Oncology Group (TROG)  
development of the first prospective investigation of RT for NBP.  By consensus, 20 Gy in 5 
fractions (20/5) was identified as the “standard” (control) fractionation schedule in the 
absence of any reliable specific response data.  This, together with 30 Gy in 10 fractions were 
the two commonest fractionation schedules used in Australasia for metastatic bone pain at that 
time [10].  In view of the accumulating evidence for single fraction RT for (localised) 
metastatic bone pain, a single 8 Gy (8/1) was chosen as the experimental arm. 
 
From a conceptual point of view, if NBP is due primarily to “pressure” effects on nerves, one 
might expect that tumour shrinkage would be required to relieve it, and therefore, the higher 
dose schedule (20/5) should produce a better response.  If on the other hand, NBP is due 
instead to “chemical irritation” by pain mediators released in the vicinity of the metastasis (as 
proposed for localised bone pain [2]), then lower “anti-inflammatory” doses may suffice, and 
the two schedules might produce similar responses.  It may, of course, be the case that higher 
doses than 20/5 would be required to produce enough shrinkage to validate the “pressure” 
hypothesis e.g. 30/10.  However, power calculations excluded the viability of a 3 arm study 
(viz 8/1 vs 20/5 vs 30/10) which would have required many hundreds of patients to obtain a 
statistically robust result.  From a practical point of view, it was also felt that randomisation to 
1 vs 10 fractions (corresponding to 1 treatment day vs 2 weeks of RT) may be difficult for 
Australasian patients (and radiation oncologists) to accept.   
 
Some clinicians were concerned that patients with NBP of spinal origin would be at high risk 
of compression fracture and spinal cord/cauda equina compression due to proximity of the 
metastasis to the neuraxis, and that 8/1 might be insufficient to prevent these complications.  
Appropriately therefore, early stopping rules were incorporated to monitor this possibility.   
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The protocol was finalised by late 1995 with a planned accrual target of 270.  The first patient 
was randomised at the Royal Adelaide Hospital in February 1996.  Competitive seed funding 
was secured in September 1996 ($11,400) for establishment of a data base and statistical 
services for the first interim analysis at 90 patients, after viability of the trial was established.  
A National Health and Medical Research Council Project Grant application was submitted in 
early 1997.  This was successful, securing funding for a central data manager, capitation, 
second interim and final analyses ($172,000 1998-2000).  An eligibility and QA auditor (Dr 
Sidney Davis, The Alfred, Melbourne) and an Independent Data Monitoring Committee (Prof 
Stanley Dische, Mt Vernon Hospital, UK; Prof Soeren Bentzen, Gray Laboratory, UK; Dr 
Sidney Davis) were appointed early in the trial.  At no stage during the seven year accrual 
phase were any of the clinicians (including me as the Trial Chair) made aware of the results 
by randomisation arm.  A total of 15 centres contributed patients (Australia 11, New Zealand 
3, UK 1 – the latter was Mt Vernon Hospital, reflecting the collaboration established with Dr 
Peter Hoskin in 1993), and the accrual target was met in December 2002.  The findings of the 
study are summarised in Sections 2 and 5.4. 
 
3.5 Technical aspects 
 
Similar to all other trials on RT for bone metastases, TROG 96.05 utilised conventional 
external beam RT techniques.  In brief, direct megavoltage photon fields were used to treat 
the spine with dose prescribed to 5 cm depth; photons or electrons for ribs prescribed to 
maximum dose; parallel opposed fields to pelvis, long bones and base of skull prescribed to 
mid-plane.  The putative index site had to be imaged by plain x-rays, bone scan, CT or MRI 
scan, and the treated site documented by a simulator or portal film.  Other treatment details 
were according to clinicians’ usual practice. 
 
3.6 Future directions 
 
Clearly, there is a need for confirmatory studies, in particular randomised trials examining 
other RT fractionation schedules for NBP.  There is also increasing interest in the use of 
bisphosphonates for treating painful bone metastases and preventing skeletal complications, 
but no prospective data in relation to NBP.  The relative roles of RT and bisphosphonates 
require elucidation. 
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4. LIST OF RELEVANT PUBLICATIONS 
 
 
4.1 Declaration 
  

None of the following publications relevant to this MD thesis have been submitted for 
any other degree or qualification in this, or any other university or institution. 

 
 
4.2 Contribution to publications 
  

For each of the journal first authorships, I wrote the manuscript, incorporated co-
author suggestions, responded to reviewer comments and attended to proof 
corrections.  For the three co-authorships, I contributed to revision of the first and 
subsequent drafts.  All papers relating to the randomised Neuropathic Bone Pain Trial 
(TROG 96.05) constitute original work – I conceived the study, led protocol 
development and Chaired it, registering the largest number of patients of the 33 
contributing clinicians (41/272 = 15%), but it is self-evident that execution of the trial 
was very much a collaborative effort. My estimated contributions to the manuscripts 
(relative to co-authors) are listed below. 

 
 
4.3 Publications 
 
1. Roos DE.  Neuropathic back pain: discordance between the level of the involved 

spine/rib and the associated dermatome.  Clin Oncol 1998;10:337-8 (contribution 
100%). 

2. Bentzen SM, Hoskin PJ, Roos DE, Nielsen OS.  Fractionated radiotherapy for 
metastatic bone pain:  evidence-based medicine or . . . ?  Letter to the Editor.  Int J 
Radiat Oncol Biol Phys 2000;46:681-2 (contribution ~ 10%). 

3. Roos DE, Davis SR, O’Brien PC, Hoskin PJ, Spry NA, Burmeister BH, Turner SL, 
Bernshaw DM.  Eligibility audits for the neuropathic bone pain trial (TROG 96.05).  
Australas Radiol 2000;44:303-7 (contribution ~ 90%). 

4. Roos DE, O’Brien PC, Smith JG, Spry NA, Hoskin PJ, Burmeister BH, Turner SL, 
Bernshaw DM.  A role for radiotherapy in neuropathic bone pain: preliminary 
response rates from a prospective trial (TROG 96.05).  Int J Radiat Oncol Biol Phys 
2000;46:975-81.  Erratum 2000;47:545 (contribution ~ 80%). 

5. Roos DE.  Continuing reluctance to use single fractions of radiotherapy for metastatic 
bone pain:  an Australian and New Zealand practice survey and literature review.  
Radiother Oncol 2000;56:315-22 (contribution 100%). 

6. Hoskin PJ, Yarnold JR, Roos DE, Bentzen S.  Consensus statement: radiotherapy and 
bone metastases (Second Consensus Workshop in Palliative Radiotherapy and 
Symptom Control, London, 2000).  Clin Oncol 2001;13:88-90 (contribution ~ 10%). 

7. Roos DE. Radiotherapy for neuropathic bone pain: TROG 96.05 update.  Radiother 
Oncol 2001;58 (Suppl 1): Abstr 177 (contribution ~ 90%). 

8.  Roos DE, Davis SR, Turner SL, O’Brien PC, Spry NA, Burmeister BH, Hoskin PH, 
Ball DL.  Quality assurance experience with the randomized neuropathic bone pain 
trial (Trans-Tasman Radiation Oncology Group, TROG 96.05).  Radiother Oncol 
2003;67:207-12 (contribution ~ 90%). 

9.  Roos DE, Fisher RJ.  Radiotherapy for painful bone metastases: an overview of the 
overviews.  Editorial.  Clin Oncol 2003:15;342-4. Erratum 2003;15:509 (contribution 
~ 90%). 
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10. Roos DE.  Lung Cancer.  In: Jasmin C, Coleman RE, Coia LR, Capanna R,  Saillant 
G (eds).  Textbook of Bone Metastases.  John Wiley & Sons, London, 2005:523-31. 
(contribution 100%). 

11.  Roos DE, Turner S, O’Brien P, Smith J, Spry N, Burmeister B, Hoskin P, Ball D.  
Randomized trial of 8 Gy in 1 versus 20 Gy in 5 fractions of radiotherapy for 
neuropathic pain due to bone metastases (TROG 96.05).  Radiother Oncol 
2005;75:54-63 (contribution ~ 80%). 

12. Pollicino CA, Turner SL, Roos DE, O’Brien PC.  Costing the components of pain 
management. Analysis of Trans-Tasman Radiation Oncology Group trial (TROG 
96.05): one versus five fractions for neuropathic bone pain.  Accepted by Radiother 
Oncol Mar 2005 (contribution ~ 20%). 
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5. CONCLUDING PASSAGE 
 
 

 The following paragraphs summarise how the listed publications have contributed to 
knowledge: 

 
5.1 Roos DE. Neuropathic back pain:  discordance between the level of the involved 

spine/rib and the associated dermatome.  Clin Oncol 1998;10:337-8. 
 
 Correct localisation of the site of origin of neuropathic bone pain (NBP) can be difficult, 

particularly in the back.  Most clinicians are aware of the major anterior trunk 
dermatomal landmarks (e.g. the nipples correspond to T4/5, the umbilicus to T10).  
They are also aware that the conus typically lies behind the L1 vertebral body, a 
consequence of continued growth of the spinal column well after the spinal cord reaches 
its final length during development.  Hence, there is progressive discordance between 
the spinal cord segments and their corresponding vertebrae (with exiting spinal nerve 
roots) down the spinal column.  It is less well appreciated that there is further 
discordance between the vertebrae/ribs and  their corresponding dermatomes due to the 
fact that the cutaneous sensory nerve twigs originating from the spinal nerves also 
become displaced caudally during development along with the soft tissues and skin they 
supply.  Thus, NBP originating from the lower thoracic region will be perceived several 
vertebral levels lower on the back; L1 neuropathic pain is actually referred down to the 
S1 vertebral level (and from there, around to the groins).  There may, of course, also be 
local pain and tenderness higher in the spine at the level of the involved vertebra itself, 
and the clinical picture may be further complicated by the presence of multiple bone 
metastases in the spine, ribs, or extremities along the course of the neuropathic pain.  It 
is thus easy to see how a “geographic miss” due to radiotherapy (RT) to the wrong site 
could result from inadequate correlation of history, examination and radiological 
findings when NBP is present. 

 
 This paper illustrates these concepts.  It is a case study of a patient treated with 

palliative RT for T9/10 NBP. A radiation field directed to the region of pain and 
sensory loss overlying the twelfth rib would have missed the index site.  

 
5.2 Bentzen SM, Hoskin PJ, Roos DE, Nielsen OS.  Fractionated radiotherapy for 

metastatic bone pain:  evidence-based medicine or . . . ?  Letter to the Editor.  Int J 
Radiat Oncol Biol Phys 2000;46:681-2. 

 
 As mentioned in the introduction, while randomised evidence was accumulating in the 

1990s about the efficacy of single fractions of RT for painful bone metastases, there was 
considerable divergence of opinion in the literature as to the validity of these data.  An 
overview published in 1999 by United States radiation oncologists (Ratanatharathorn et 
al) was particularly critical, arguing that “. . . the results of higher dose fractionated 
regimens are much better”. 

 
 The above Letter-to-the-Editor was a multi-national rebuttal of this paper based on its 

statistically dubious re-evaluation of the original RTOG 74-02 trial and failure to 
acknowledge data from several subsequent studies clearly challenging their conclusions. 

 
5.3 (a) Roos DE, Davis SR, O’Brien PC, Hoskin PJ, Spry NA, Burmeister BH, Turner SL, 

Bernshaw DM.  Eligibility audits for the neuropathic bone pain trial (TROG 96.05).  
Australas Radiol 2000;44:303-7. 

 (b) Roos DE, Davis SR, Turner SL, O’Brien PC, Spry NA, Burmeister BH, Hoskin PH, 
Ball DL.  Quality assurance experience with the randomized neuropathic bone pain trial 
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(Trans-Tasman Radiation Oncology Group, TROG 96.05).  Radiother Oncol 
2003;67:207-12. 

 
 These two papers summarise the extensive QA activities undertaken for TROG 96.05.  

The former was based on auditing for each of the first 90 patients and was notable as the 
first published QA data for a TROG palliative study.  It demonstrated a significant 
improvement in eligibility infringement rate (19% vs 2%) between the first audit (pts 1-
42) and second audit (pts 43-90) in response to clinician feedback between the two 
audits, and that contributors appeared to be accurately identifying NBP.  The second 
paper reported the QA results from a sampling of three subsequent cohorts of 
approximately 45 randomised patients, together with comprehensive source data 
verification of RT protocol compliance for the first 234 patients and monitoring of 
serious adverse events (cord compressions and pathological fractures). 

 
 The take home message from these publications, consistent with the experience from 

overseas trials groups, was that QA measures need to be initiated early in the conduct of 
clinical trials so that problems with compliance can be addressed before they have a 
significant impact on scientific validity.   

 
5.4 (a) Roos DE, O’Brien PC, Smith JG, Spry NA, Hoskin PJ, Burmeister BH, Turner SL, 

Bernshaw DM.  A role for radiotherapy in neuropathic bone pain: preliminary response 
rates from a prospective trial (TROG 96.05).  Int J Radiat Oncol Biol Phys 
2000;46:975-81. 

 (b) Roos DE. Radiotherapy for neuropathic bone pain: TROG 96.05 update.  Radiother 
Oncol 2001;58 (Suppl 1): Abstr 177. 

 (c) Roos DE, Turner S, O’Brien P, Smith J, Spry N, Burmeister B, Hoskin P, Ball D.  
Randomized trial of 8 Gy in 1 versus 20 Gy in 5 fractions of radiotherapy for 
neuropathic pain due to bone metastases (TROG 96.05).  Radiother Oncol 2005;75:54-
63. 

 
 These three publications correspond to the first (90 patients) and second (180 patients) 

interim analyses and final report (272 patients) of TROG 96.05.  The 2000 paper 
constituted the first quantitative data ever obtained on RT for NBP; the second was an 
abstract from an invited lecture at the 6th International Congress of Radiation 
Oncology, Melbourne, 2001; the third was reported as an oral presentation at the 12th 
European Cancer Congress, Copenhagen, 2003. 

 
 TROG 96.05 found response rates and response duration similar in magnitude to those 

for uncomplicated (local) bone pain, validating the previously unsubstantiated use of 
RT for bone metastases with a neuropathic component.  The fractionated schedule (20 
Gy in 5 fractions) was marginally superior to the single fraction schedule (8 Gy in 1 
fraction), but the differences were not statistically significant. 

 
5.5 Roos DE.  Continuing reluctance to use single fractions of radiotherapy for metastatic 

bone pain:  an Australian and New Zealand practice survey and literature review.  
Radiother Oncol 2000;56:315-22. 

 
 This was the first patterns of practice survey on RT for metastatic bone pain undertaken 

in Australasia (one previous study had examined fractionation at a single centre, 
Stevens & Firth 1995).  It confirmed overseas findings of significant underutilization of 
single fractions relative to randomised trial results.  It also revealed that Australasian 
radiation oncologists were more likely to fractionate when NBP is present, although at 
that time, there were no quantitative data to support this (thereby demonstrating the 
relevance of TROG 96.05). 
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5.6 (a) Hoskin PJ, Yarnold JR, Roos DE, Bentzen S.  Consensus statement: radiotherapy 

and bone metastases (Second Consensus Workshop in Palliative Radiotherapy and 
Symptom Control, London, 2000).  Clin Oncol 2001;13:88-90. 

 (b) Roos DE, Fisher RJ.  Radiotherapy for painful bone metastases: an overview of the 
overviews.  Editorial.  Clin Oncol 2003:15;342-4. Erratum 2003;15:509. 

 
 These two papers summarise the bone pain literature at two time points, respectively 

2000 and 2003.  The first resulted from a Consensus Workshop held in London at which 
I gave an invited lecture on RT for NBP based upon emerging results from TROG 
96.05.  The latter was an invited Editorial at the time of publication of a meta-analysis 
of randomised bone pain trials which came to very similar conclusions to another meta-
analysis published earlier that year.  The Editorial gave an historical perspective of the 
previous overviews, compared the two most recent meta-analyses, and identified 
remaining questions on the use of single fractions for bone pain. 

 
5.7 Roos DE.  Lung Cancer.  In: Jasmin C, Coleman RE, Coia LR, Capanna R,  Saillant G 

(eds).  Textbook of Bone Metastases.  John Wiley & Sons, London, 2005: 523-31. 

 
 My publication record with metastatic bone pain led to an invitation in 2000 to 

contribute to “the most comprehensive textbook ever published on the subject”.  For 
that purpose, I reviewed the literature, the vast majority of which was not specific for 
primary site, and extracted out the data relating to bone metastases from lung cancer in 
particular.  To the best of my knowledge, this synthesis for lung primaries has not 
previously been undertaken. 

 
5.8 Pollicino CA, Turner SL, Roos DE, O’Brien PC.  Costing the components of pain 

management. Analysis of Trans-Tasman Radiation Oncology Group trial (TROG 
96.05): one versus five fractions for neuropathic bone pain.  Accepted by Radiother 
Oncol Mar 2005. 

 
 This paper retrospectively costs the components of treatment for the 1 vs 5 fraction 

arms of TROG 96.05.  It confirms that RT is relatively cheap when compared with other 
treatment modalities, particularly in the outpatient setting, and quantitates the cost 
difference between the two schedules when non-RT factors are also taken into account 
viz. ∼ AUD $1,000 per patient.  This is important information from a health economic 
point of view, given the small efficacy advantages of the five over the single fraction 
schedule.  The strong message from this analysis is that cost considerations need to be 
incorporated prospectively at the trial development stage. 

 
 Although there have been several previous attempts to cost RT delivery within single 

centres, this is the first cost analysis undertaken in the multicentre cooperative trial 
setting in Australasia. 
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