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Abstract

To review current recommendations for palliative radio-
therapy for bone metastases secondary to lung cancer,
and to analyze surveys to examine whether global prac-
tice is evidence-based, English language publications re-
lated to best practice palliative external beam radiother-
apy (EBRT) for bone metastases (BM) from lung cancer
were sought viag literature search (2003-2013). Addition-
al clinical practice guidelines and consensus documents
were obtained from the online Standards and Guidelines
Evidence Directory. Eligible survey studies contained
hypothetical case scenarios which required participants
to declare whether or not they would administer pallia-
tive EBRT and if so, to specify what dose fractionation
schedule they would use. There is no convincing evi-
dence of differential outcomes based on histology or for
spine vs non-spine uncomplicated BM. For uncomplicat-
ed BM, 8Gy/1 is widely recommended as current best
practice; this schedule would be used by up to 39.6%
of respondents to treat a painful spinal lesion. Either
8Gy/1 or 20Gy/5 could be considered standard palliative
RT for BM-related neuropathic pain; 0%-13.2% would
use the former and 5.8%-52.8% of respondents the
latter (range 3Gy/1-45Gy/18). A multifraction schedule
is the approach of choice for irradiation of impending
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pathologic fracture or spinal cord compression and 54%
would use either 20Gy/5 or 30Gy/10. Survey results re-
garding management of complicated and uncomplicated
BM secondary to lung cancer continue to show a large
discrepancy between published literature and patterns
of practice.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bone metastases; Lung cancer; Survey;
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Core tip: Palliative radiotherapy (PRT) remains the gold
standard for treatment of painful bone metastases from
lung cancer. While PRT should be appropriately custom-
ized to patients, prescription should also be based on
robust evidence. Depending on the clinical scenario,
between 4%-66% of survey respondents would use
dose-fractionation schedules considered congruent with
best available current evidence. These results show a
large discrepancy between treatment guidelines and
international patterns of practice. It is not completely
clear why level 1 data supporting specific dose sched-
ules continues to be overlooked, although reasons for
reticence in following these recommendations are re-
viewed.

Fairchild A. Palliative radiotherapy for bone metastases from
lung cancer: Evidence-based medicine? World J Clin Oncol
2014; 5(5): 845-857 Available from: URL: http:/www.wjg-
net.com/2218-4333/full/v5/i5/845.htm DOI: http://dx.doi.
org/10.5306/wjco.v5.15.845

INTRODUCTION

Lung cancer causes bone metastases (BM) in a large pro-
portion of patients, up to 40%-80%!". With improvements
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in systemic therapy, median survival of patients with ad-
vanced lung cancer is now approximately 12 mo; as such,
the prevalence of BM has significantly increased. BM can
be described as complicated or uncomplicated, where un-
complicated generally refers to the absence of: impending
or established pathological fracture (PF), surgical fixation,
impending or established spinal cord compression (SCC),
impending or established cauda equina or nerve root com-
pression, neuropathic pain, previous RT, or associated soft
tissue mass.

By definition, all patients with lung cancer and BM
have stage IV disease and treatment is palliative. Goals
for the treatment of BM are pain relief, preservation of
mobility and function, prevention of future complica-
tions, optimized quality of life (QoL), maintenance of
skeletal integrity, and minimization of hospitalization.
About half of all patients with stage IV non-small cell
lung cancer (INSCLC) receive at least one course of pal-
liative external beam radiotherapy (EBRT) within 15 mo
of diagnosism.

A prospective observational multicenter study recent-
ly documented treatment costs of BM in patients with
pathologically-proven lung cancer during the first year
after BM diagnosis”. Five hundred and fifty-four patients
with radiologically-proven BM were enrolled. A mean
monthly cost was calculated using a Markov approach,
taking into account direct costs only (hospitalization,
drug purchases, medical and transport costs). Indirect
costs such as lost income and intangible costs such as
pain and suffering were not assessed. 76.5% were male,
with a mean age of 62 years, 9% with small cell lung can-
cer, 69.3% with PS 0-1, and 64.6% had metastases other
than to bone. At some point during follow-up, 89.9% had
analgesic treatment (77.7% with opioids) and 42.1% had
RT. Median survival was 5.8 mo and 1 year OS was 22%.
Factors predictive of better OS were adenocarcinoma,
performance status (PS) 0-1, and female. Monthly costs
for asymptomatic and symptomatic BM were €190 and
€374 respectively. Mean disease management costs duting
the first year after BM diagnosis were €3999 +/- €4135
(95% confidence interval €374-15886)".

EBRT remains the gold standard for treatment of
BM" and comprises the largest single component of pal-
liative RT practice[sl, approximately 40%". The number
of lung cancer patients requiring palliative EBRT for BM
is continuing to grow, increasing pressure on clinicians,
simulators, and treatment units, in addition to health care
COStS.

Both the limited survival of most patients with ad-
vanced lung cancer and a requirement for the judicious
use of resources argue for use of the shortest dose frac-
tionation schedule which is effective!. Single fraction
(SF) EBRT for palliation of painful BM has many advan-
tages: the risk of acute side effects is minimized which
increases patient QoL and acceptance of treatment; RT
can be delivered over as little as one day, which decreases
transportation and hospital admission requirements; it is
more convenient; decreased discomfort with positioning
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and travel increases tolerance for those with poor PS; and
it frees resources for others. SFRT is cost-effective, and
is easier to schedule amongst systemic therapy and other
appointments, resulting in increased accessibility and de-
creased waiting times'™".

Previous patterns of practice surveys focusing on
EBRT for BM, including a large international study from
2009, have suggested that considerable controversy over
the optimal treatment schedule still exists”. The objec-
tives of this review were to (1) examine the literature
supporting current treatment recommendations for BM
secondary to lung cancer, to determine for which clinical
scenarios SFRT is appropriate; and (2) analyze published
surveys to examine evolution in practice and degree to
which it can be considered evidence-based.

LITERATURE SEARCH

Publications related to best practice palliative EBRT for
complicated and uncomplicated BM from lung cancer
were sought zia literature search (Table 1). Medline and
Embase were searched for English language articles
published in full between 2003 and 2013. Eligible stud-

ies were also identified from reference lists of retrieved

papers and review articles. Additional clinical practice
guidelines and consensus documents were obtained from
searching the online SAGE (Standards and Guidelines
Evidence) Directory compiled by the Canadian Partner-
ship Against Cancer (www.cancerview.ca). Eligible survey
studies contained hypothetical case scenarios which re-
quired participants to declare whether or not they would
administer palliative EBRT and if so, to specify what
dose fractionation schedule they would use. Retrospective
reviews and practice audits which did not include hypo-

[18-25]

thetical patient cases as well as surveys which did not

[26-31]

include lung cancer cases were excluded.

RESEARCH

Evidence summary-uncomplicated bone metastases

Four meta-analyses of more than 20 randomized con-
trolled trials [level I evidence, according to the Oxford
Centre for Evidence-Based Medicine (www.cebm.net)]
have shown that for uncomplicated bone lesions, there is
no advantage in degree of pain relief, analgesic use, time
to first improvement in pain, time to complete pain relief,
time to pain progression, duration of response, rates of
PF or SCC, acute toxicity, QoL, or overall survival from
protracted fractionation s SFRT above 4Gy"® The
randomized trials accrued patients with various histolo-
gies; selected studies published since 2000 included up to
26% of patients with lung cancer. The most recent meta-
analysis evaluated 25 studies comprising 2818 randomiza-
tions to SF and 2799 to MF arms, respectively®”. On an
intent-to-treat basis, the overall response rate to SF RT
was 60%, and complete response (CR) rate was 23%,
which was not significantly different from the 61% and
24% rates of patients randomized to MF RT. The overall
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Step String Results
1 Exp Bone Neoplasms/sc OR Bone Neoplasms/rt OR [(boneCarcinoma/sc OR exp Neoplasm Metastasis/rt) AND exp 26956

“Bone and Bones” /] OR [(osseous OR skeletal) ADJ3 metastasis$] OR (bone ADJ3 metastasis$)
2 Exp *Lung Neoplasms/OR exp Lung Neoplasms/pa OR lung cancer.mp 188189
3 Exp Radiotherapy/OR exp Dose Fractionation/OR exp Radiotherapy Dosage/ 133052
4 Exp Palliative Care/OR exp Pain/RT OR Pain Management/mt OR (palliative OR palliation).mp OR painful adj3 94404

metastasis$ OR (palliative$ ADJ3 radiotherapy).mp
5 1 AND 2 AND 3 AND 4 88

Limit 10 yr: 28

6 1 AND 3 AND 4 608

Exclusion criteria: non-lung primary site cancers Limit 10 yr: 256
7 (1 AND 4 AND radiotherapy.mp AND combined modality therapy/OR analgesics/OR treatment outcome/OR quality 129

of life/ OR exp Antineoplastic Combined Chemotherapy Protocols) NOT 6 Limit 10 yr: 50
8 Total 156

pain response proportion increases by about 10% if per-
protocol patients only are analyzed"”. Median time to
onset of pain relief is 1-4 wk and median duration of re-
sponse is 12-24 wk. After SE 3.3% of patients fractured
s 3.0% after MF (P = 0.72). Two point eight percent of
patients receiving SF and 1.9% of patients receiving MF
experienced SCC (# = 6 trials; P = 0.13). There were sig-
nificantly more retreatment episodes in the SF arms (20%0)
»s MF arms (8%) (P < 0.00001). Re-analysis of assessable
patients did not alter conclusions. There is a trend for
greater acute toxicity after MIF which is not statistically
significant, and which was not a primary endpoint for any
of the source trials".

In view of mounting evidence, 8Gy/1 has been re-
peatedly recommended as standard of care for uncompli-
cated BM in the practice guidelines of many international
bodies, including specifically for lung cancer (see Table 2
for references; level 5 evidence). A secondary analysis of
the Dutch trial reported that in patients with spine BM,
SF and MF EBRT result in equivalent pain relief (level 1
evidence)™. In general, neither anatomic location treated
nor RT dose is predictive of degree of functional im-
provement after RT (level 4 evidence) B34 No subgroups
of patients with uncomplicated painful BM have been
identified that clearly benefit from a higher total dose
(level 5 evidence)"". Additionally, it is not standard prac-
tice to prophylactically irradiate an asymptomatic uncom-
plicated BM (to avoid toxicity).

Evidence summary - does histology influence outcome?
The most detailed data on outcomes in relation to histol-
ogy were reported in a secondary analysis of the Dutch
Bone Metastases trial related to reirradiation (level 1
evidence)™. In the original trial, between 03/1996 and
09/1998, 1157 Dutch patients with painful BM were
randomized between 8Gy/1 (# = 579) and 24Gy/6 (n =
578); 287 lung patients were accrued"”. Patients had a
minimum pain score of 2/10. Eligibility critetia included
BM treatable in one RT target volume, no previous RT,
no fracture or impending PF needing surgery, no SCC,
and no BM within the cervical spine. Participants com-
pleted weekly questionnaires X 13 wk, then monthly to
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a maximum of 2 years, reporting maximum pain at the
treated site, analgesic use and acute side effects. No major
differences were reported between SF and MF in over-
all response rates, duration of response or progression
rates'

267/287 lung patients were assessable for response to
mnitial EBRT: 107 (39.8%) were non-responders and 162
(60.2%) were responders””. Fifty-cight percent respond-
ed after initial SF and 62% after initial ME. Mean time to
initial response was 3 wk and mean duration of remis-
sion was 11 wk. Overall there was no correlation between
histology and initial response (P = 0.69). Of the 267, 78
experienced pain progression (29.2%).

Within the first year after randomization, 49 patients
with lung cancer were retreated. Of initial nonresponders,
22% were retreated at a mean time of 10 wk and mean
pain score of 7.7/10. Of initial responders, 7% were re-
treated at a mean time of 11 wk and mean pain score of
3.8/10. Of those who had progtressed, 19% were retreat-
ed at a mean time of 5 wk and mean pain score of 7.2/10.
Progressive patients with lung cancer were retreated most
often and earliest after randomization of any histology[35].

Response to retreatment could be ascertained for
40/49%. Of those who did not respond to initial RT,
50% (8/16) responded to tepeat treatment at a mean
time to response of 7 wk. Of those responding to initial
treatment, 67% (16/24) also responded to repeat treat-
ment at a mean time of 5 wk. After progression, 12/14
(86%) responded to a second course of RT at a mean
time of 4 wk. The mean duration of response in initial
non-responders, responders and those with progressive
pain was 8 wk, 12 wk and 6 wk, respectively. Including
the effects of retreatment, overall response rates in lung
cancer patients receiving SF increased from 58% to 62%,
but did not change post-MF. This is likely because SF
patients were retreated earlier than were MF patients. Al-
most three times more lung patients were retreated than
breast patients (HR = 2.6; 95%CI: 1.7-3.8; P < 0.001),
probably because they were less likely to both respond to
mnitial RT and to receive systemic therapy. In multivariate
analysis corrected for early death, primary tumour, PS
and randomization arm remained predictive for retreat-
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Table 2 Evidence supporting recommended dose-fractionation schedules

Indication

Recommended schedule

Selected references Level of evidence

Uncomplicated bone metastases (spine, non-

spine) 8Gy/1
Neuropathic pain 8Gy/1 or 20Gy/5
Impending SCC, RT alone Multifraction

Impending pathologic fracture, RT alone 20-40Gy/5-20

[15]
[10,32,39,41,60,61]
[38]

[41]

[36]

[45]

[N S B S

RT: Radiotherapy; SCC: Spinal cord compression.

ment (P = 0.01, P = 0.001 and P < 0.001 respectively)””.
Results of other studies are contradictory: in one,
lung cancer patients were less likely to experience an
early pain response to EBRT [only 27% had responded
by month two, #s 70% of breast and prostate cancer pa-
tients (level 4 evidence)™], and in another, lung cancer
patients had the highest response rate (level 4 evidence) el
(see below). Overall there is no convincing evidence that
outcomes differ based on primary site as reported in the
dose-finding randomized trials [reviewed by reference 6
(level 4 evidence)]. Similarly, none of the meta-analyses

separated out treatment effects by histology (level 1 evi-
dence) ™21,

Evidence summary - complicated bone metastases
Although neuropathic pain secondary to BM is not as
predictively responsive to standard analgesicsm, it does
respond to RT™. Roos et a/™ compared a single 8 Gy s
20 Gy/5 for 245 pet-protocol patients with any ptimary
site with BM causing neuropathic pain; 31% had lung
cancer (level 1 evidence). Eligible patients had no other
metastases along the distribution of the neuropathic
pain, no cauda equina or SCC. Pain relief was seen in
53% of SF and 61% of MF patients (intent-to-treat) with
26%-27% experiencing CR at two months. Median time
to treatment failure was longer in the fractionated arm (3.7
mo 25 2.4 mo), but, like the response rates, the difference
did not reach statistical significance within the confidence
limits set by this non-inferiority trial. Rates of SCC, PF
and reirradiation were not significantly different. There-
fore, for BM causing neuropathic pain, either 8Gy/1 or
20Gy/5 may be considered standard. The authors recom-
mended the latter; however, patients with decreased PS,
shorter expected survival or comorbidities, who would
not be amenable to multiple hospital visits should receive
SE™™ (Table 2).

The treatment of an asymptomatic BM may be de-
ferred unless the patient has a serious impending condi-
tion such as SCC or PE Diagnosis of impending SCC
requires radiologic evidence of indentation of the thecal
sac at the level of local or radicular pain, without associ-
ated neurologic signs or symptomsm]. RT may prevent
neurologic dysfunction in impending scct although
these patients were excluded from the vast majority of
the clinical trials investigating RT doses for uncompli-
cated BM. There is insufficient evidence at present to
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guide practice on the optimal dose schedule, although de-
finitive EBRT for epidural tumour without neurological
impairment, mechanical pain, or spinal instability should
be fractionated (level 5 evidence)". Based on data from
established SCC, MFRT may have advantages in terms
of local control and/or in-field recurrence (level 1 evi-
dence)™** and there is likely no advantage in offering
more than 30Gy/10 (level 1 evidence)™ (Table 2).

An impending PF is defined as a BM that has a sig-
nificant likelihood of fracture under normal physiological
loads. In patients with lung cancer who have a painful
BM affecting a weight-bearing bone, especially a solitary
Iytic lesion involving > 50% of the cortex circumfer-
entially, an expected survival > 4 wk, and satisfactory
health otherwise, surgical fixation is recommended (level
5 evidence)™. Although at least one group has reported
a marked increase in surgical involvement for metastatic
bone lesions in recent years (level 4 evidence)™, a pro-
portion of patients will not be candidates for operative
intervention, or will decline. In that circumstance, multi-
fraction RT should be delivered (level 1 evidence)™ (Table
2).

Harada ez al™ reviewed results from a single insti-
tution to clarify the outcomes of RT for femoral BM
(evel 4 evidence). 72 consecutive patients (20.8% with a
lung primary) with 84 femoral lesions (77/84 symptom-
atic) were treated (2002-2005). 39/84 lesions were lytic
and 43/84 were considered impending PF. Median RT
dose was 30Gy/10 (range 20-40Gy/5-20) and peri-RT
systemic therapy was allowed. No reirradiation was per-
formed. Median follow-up was five months (range 1-28
mo). Overall post-RT, 8 lesions achieved a radiological
CR and 27 a radiological partial response (PR) on plain
X-ray assessed independently by a radiologist and ortho-
pedic oncologist. The best overall response rate (CR +
PR) was 42% (35/84), with 30 lesions considered stable
and 19 showing progressive disease. Of impending PF
lesions, 15/43 showed a radiological response. Median
interval from the start of RT to radiologic CR/PR was
3 mo and median duration was 10 mo. Administration
of chemotherapy, hormone therapy or bisphosphonates
significantly correlated with a favourable radiological
response; RT dose and impending PF status did not.
Response rates differed significantly based on primary
site: lung cancer had the highest (65%) in comparison
to breast (47%), prostate (42%) and other (28%) (P =
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0.03). Eleven lesions eventually required surgery at a
median of 3 mo of which 8 had actually fractured; seven
of these had been classified initially as impending PE
Eventual fractute rate in the impending PF group (7/43;
16%) was significantly higher than in the no impending
PF group (1/41; 2%) (P = 0.03). In the 77 symptomatic
lesions at baseline, pain was classified as improved in 30,
stable in 36 and as progressive in 5. There was no cor-
relation between radiological response and pain relief (P
= 0.[1(]7). Overall median survival was 7 mo (95%CI: 4-9
mo)~ .

Results of survey studies

Since 1998, 12 hypothetical cases involving patients with
lung cancer and BM have been reported in one abstract
and five full publicationsm’q’%’”](Table 3). Case histories
included patients of both genders, ranging in age from
45-78 years, PS 1-2, previously treated with radical sur-
gery +/- adjuvant chemotherapy ot curative chemoRT,
or metastatic at diagnosis. Histologic subtype of lung
cancer was usually unspecified. Investigations diagnosing
BM varied as did extent of non-osseous metastases. One
publication described current pain score and response
to analgesics[47]. Opverall, eight cases were of uncompli-
cated BM (one non-spine, seven spine), and four were
complicated (three neuropathic pain, one impending SCC
and impending PF). Fairchild Case 3 and Chow Case 2
were identical except for the patient’s age, while Chow
Case 2 and Hartsell Case 2 are presumed identical given
that the Chow survey was designed based on Hartsell’s
questionnaire. Overall response rates ranged from 15.7%
to 63.3% (# = 5 studies); response rate of the Nakamura
survey was provided as a proportion of institutions rath-
er than practitioners (Table 3).

Radiation Oncologists living in Japan, Italy, the
United States, Canada, Australia, and New Zealand along
with members of the American, Canadian, Australian
and New Zealand Radiation Oncology professional

[4849] [9,46] .
groups were surveyed by mail™™"", internet” or duting
attendance at national meetings[é’m. Responses to three
surveys were anonymous ™. Trainees were included in
the sampling frame'®*” excluded”, or not specified but
likely excluded**™*), A prespecified list of dose fraction-
ation schedules was provided only by De Bari. Factors
influencing dose prescribed were sought on the basis of
case ™ overall” or not explored“sAg],

Table 4 indicates the proportion of respondents who
would deliver EBRT in each case and the specified dose
fractionations, with shading indicating practice that would
currently be considered evidence-based. For uncompli-
cated bone BM, 8Gy/1 would be used by 13.7% of Japa-
nese respondents to treat a right shoulder, and between
5.9% and 39.6% of respondents internationally to treat
a painful spinal lesion. Range of doses suggested for an
uncomplicated spine metastasis was 3Gy/1 to 55Gy/22
with up to 78.4% using 30Gy/10; this was also the most
common dose suggested by respondents in Hartsell and
in the Nakamura survey. For a BM associated with neu-
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ropathic pain, 0%-13.2% would use 8Gy/1 and 5.8%
to 52.8% would use 20Gy/5 (range 3Gy/1-45Gy/18).
Finally, for the patient with impending SCC and PF, 54%
would use a multifraction schedule of either 20Gy/5 or
30Gy/10; the respondents using a dose in the ‘othet’
category could also be considered to have evidence-based
practice although the specific additional proportion can-
not be differentiated from missing values.

In the four publications which explored factors influ-
encing choice of dose fractionation based on direct ques-
tioning of respondents, the most commonly cited factors
impacting treatment decisions were wish to minimize
tisk of neurologic progression/SCC, prognosis, literature
results and wish to minimize the chance of recurrent
pain. Among those factors impacting treatment decisions
the least were waiting list, personal habits and financial
aspects (Table 5). In the only study to explore it, 36.4%
(uncomplicated BM) and 30.6% (complicated BM) of re-
spondents were influenced in their decision to deliver RT
by analgesic responsem.

Statistical predictors of characteristics of respondents
likely to use SF schedules were reported by Fairchild,
Chow, and Roos; Hartsell reported predictors of use of
<30 Gy (Table 6). For use of SF in uncomplicated spinal
BM, time in practice was associated with use of < 30
Gy by Hartsell but not associated in the Chow or Roos
publications. University/academic practice was associated
with use of SF”* and private practice with less use of
SF” while no differences were found by Roos. Fairchild
et al” found that those trained in the United States tended
to use SF less often while Chow found no correlation.
Radiation Oncologists practicing in the Southwest United
States, New Zealand and Australia tended to use lower
doses more often™ with no differences between Austra-
lia and New Zealand or between Australian states'”. No
trends were observed for treatment of neuropathic pain
in the two surveys reporting statistical predictors (Table

6).

DISCUSSION

Treatment decisions regarding palliative EBRT for BM
should be based on individualized considerations of
symptom burden, extent of disease, life expectancy, PS,
comorbidities, toxicity, ptior treatment and patient wish-
es. A retrospective study of 33 patients dying within 30 d
of hospital admission, 39.4% of whom had lung cancer
and 94% with metastatic disease, reported planned »s
actual EBRT treatment; sites were not speciﬁedm. 90%
were planned for = 30Gy but only 58.1% completed
it; almost 25% died during treatment. Half of patients
spent > 60% of their remaining life on therapy with the
median treatment time equivalent to the cohort’s median
survival (15 d)[SO]. However, while palliative EBRT should
be appropriately customized to patients, the choice of
dose schedule should have a robust evidence base.
Despite multiple randomized trials and four meta-
analyses showing efficacy of SF irradiation for uncom-
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Table 3 Hypothetical cases utilized by previous surveys

Ref. Case history Methodology Response
rate
Nakamura et A 65 yr old man was diagnosed with squamous cell lung cancer one year ~ Radiation Oncologist members of JROSG NR
al*' Case1 earlier and was treated by radical surgery. He now has pain in his right completed an internet-based survey
(Japan, 2012)  shoulder. Radiologic examinations detected osteolytic bone metastasis at ~ Presumed trainees were excluded
the right scapula and multiple lung metastases. ECOG 1 Not anonymous
Nakamura et A 65 yr old man was diagnosed with squamous cell lung cancer one
al*' Case2  year earlier and was treated by radical surgery. He now has back pain.
(Japan, 2012) Radiologic examinations detected osteolytic bone metastasis at L1 and
multiple lung metastases. There is no evidence of vertebral collapse or
spinal or thecal sac compression. ECOG 1
Nakamura et Same setting as in case 2 with the addition of paresthesias in a distribution
al® Case3  consistent with the L1 dermatome, compatible with neuropathic pain
(Japan, 2012)
De Bari et al'”! 68yo woman ECOG 1, right lung cancer in 2005, pT2N1MO underwent Questionnaires given to ROs attending the ~ 122/300
Case 2' (Italy, lobectomy -> adjuvant chemotherapy. No previous RT. Negative F/U to national congress at the time of registration ~ (40.6%)’

2011)

De Bari et al””

Case 4’ (Italy,
2011)

Fairchild et
al” Case 3
(Intl, 2009)

Fairchild et
al® Case 4
(Int], 2009)

Chow et
al™ Case
2 (Canada,

2000)

Chow et

al™ Case

3 (Canada,
2000)

Roos et al'®!
Case 3 (Aust/
NZ, 2000)
Roos et al!
Case 4 (Aust/
NZ, 2000)

JRaishideng®
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today. Lumbar pain (L2-L3) underwent bone scan and spinal MRI, total
body CT and CT brain. 3 new liver lesions. Bone scan: multiple sites of
pathological uptake. MRI: multiple osteolytic spinal metastases including at
symptomatic sites. No clinical or radiologic evidence of SCC and no risk of
immediate fracture. VAS: 8 without analgesics, 3 after regular weak opioids
78yo man ECOG 2, left lung cancer in 2007, pT3NOMO post left
pneumonectomy -> adjuvant chemo x6. Negative f/u until today. Sudden
thoracic (D5/D6, D10) and lumbar (L4) pain. No clinical signs of cord
compression. No other symptomatic sites. MRI spine: multiple spinal
secondary lytic lesions. Radiological signs of D10 spinal cord compression.
Risk of pathologic fracture at C3. CT body: multiple liver and lung
metastases. VAS: 9 without analgesics, 3 after regular opiods analgesics
(transdermal fentanyl 50 ug) and prn nSAIDS

A 55-year-old male was diagnosed with stage IIIA (T3N2) non-small cell
lung cancer one year ago, and was treated radically with chemotherapy
and thoracic radiotherapy. He now has pain in the lower back, and a bone
scan shows a lesion at L3. His pain localizes to an area consistent with L3,
and motor and sensory exams are unremarkable. There is a lytic lesion
present and evidence of mild vertebral collapse, but no cauda equina or
thecal sac compression on MRI scan

Same setting as in case above, with the addition of paresethesias in

a distribution consistent with the L3 dermatome, compatible with
neuropathic pain

A 45 yr old male was diagnosed with stage IIIA (T3N2) large cell carcinoma
of the lung one year ago, and was treated with chemotherapy and thoracic
irradiation. He now has pain in his lower back, and a bone scan shows a
lesion in the third lumbar vertebra. His pain localizes to an area consistent
with L3, and does not radiate. Motor and sensory examinations are
unremarkable. A CT scan of this area shows a lytic lesion, but no evidence
of compression of the cauda equina or thecal sac

Same setting as above, but instead of L3, the lesion is at L1 with no
evidence of cord compression. Assume the external beam irradiation to the
painful site in L1 would not overlap the previous radiation field

Male, age 63 with disseminated large cell lung cancer and bone scan
positive L1-L3, several ribs and skull. There is pain in the upper lumbar
spine only and no neurologic dysfunction

Male, age 63 with disseminated large cell lung cancer and bone scan
positive L1-L3, several ribs and skull. There is pain in the upper lumbar
spine as well as pain and tingling in the right L2 distribution consistent
with neuropathic pain

850

and collected at the end of the congress
Trainees included

Anonymous

Prespecified list of dose fractionation
schedules provided as answer choices, or
‘other’

Factors influencing dose were sought for each
case

Web-based survey distributed to Radiation ~ 962/6110
Oncologist members of ASTRO, CARO and  (15.7%)
RANZCR

Anonymous

Trainees, retirees excluded

No prespecified list of dose fractionation
schedules provided

General factors influencing dose were sought
(not case-by-case)

Bonferroni used

Survey mailed to all ROs in active practice in 172/300
Canada (57.3%)
Excluded retirees or those practicing outside

of Canada

No mention of including trainees

Did not specify whether anonymous

No prespecified list of dose fractionation

schedules provided

Factors influencing dose not explored

53/114
(46.5%)°

Survey distributed to delegates at 1998
Royal ANZ College of Radiologists Annual
Scientific Meeting and returned before a
presentation on bone pain

Anonymous

Trainees included

Presumed no prespecified list of dose
fractionation schedules were provided since
cases were designed based on previous
surveys

Factors influencing dose sought for each case
Used Bonferonni correction
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al*! Case of the lung one year ago, and was treated with chemotherapy and thoracic
2* (United irradiation. He now has pain in his lower back, and a bone scan shows a
States, 1998)  lesion in the third lumbar vertebra. His pain localizes to an area consistent

with L3, and does not radiate. Motor and sensory examinations are
unremarkable. A CT scan of this area shows a lytic lesion, but no evidence

of compression of the cauda equina or thecal sac

Fairchild A. RT for lung cancer bone metastases

A 45 yr old male was diagnosed with stage IIIA (T3N2) large cell carcinoma Survey mailed to randomly selected radiation 229/362

oncologists in United States (63.3%)
Factors influencing dose not reported

Did not specify whether prespecified list of

doses was given

Presumed trainees excluded

Did not report whether anonymized

'Only surveys containing all the answers for at least 3 of the 4 clinical cases in the wider survey were analyzed; *Few case details provided in abstract but
Chow et al" reports using the same case so clinical history is as described by Chow et al; *Including trainees. NR: Not reported; CT: Computed tomogra-
phy; MRI: Magnetic resonance imaging; SCC: Spinal cord compression; Intl: International; ECOG: Eastern Cooperative Oncology Group.

Table 4 Grey shading indicates dose-fractionation schedules which would be supported by current evidence

Case N treating with EBRT 8Gy/1 20Gy/5 30Gy/10 Other Median (Range)
Uncomplicated-non-spine

Nakamura case 1 (Japan, 2012) 51 13.70% 9.80% 66.70% 9.80% NR (NR)
Uncomplicated-spine

Hartsell case 2 (United States, 229 4% recommended < 30Gy 76% recommended 30-35Gy  NR (15Gy/5 - 47.5Gy/25)

1998) 20% recommended > 35Gy

Nakamura case 2 (Japan 2012) 51 5.90% 3.90% 78.40% 11.80% NR (NR)

Chow case 3 (Canada, 2000) 171 15.80% 66.10% 8.80% 9.4%° NR (8Gy/1 - 30Gy/10)

Chow case 2 (Canada, 2000) 170 15.90% 64.70% 8.20% 11.2%° NR (8Gy/1 - 30Gy/10)

Fairchild case 3 (Intl, 2009) 867 18.3%” 19.8%” 41.9%* 20.00% 30Gy/10 (3Gy/1 - 55Gy/22)

De Bari case 2 (Italy, 2011) 107€ 22.20% 50.10% 26.80% 0.90% NR (NR)

Roos case 3 (Aust/NZ, 2000) 53'¢ 39.6%€ 35.8%€ 15.1%€ 9.4%€ NR (8Gy/1 - 40Gy/18)
Complicated-neuropathic pain

Nakamura case 3 (Japan, 2012) 52 0% 5.80% 78.80% 15.40% NR (NR)

Fairchild case 4 (Intl, 2009) 844 6.6%" 29.0%* 42.8%* 21.60% 30Gy/10 (3Gy/1 - 45Gy/18)

Roos case 4 (Aust/NZ, 2000) 53'¢ 13.2%€ 52.8%€ 24.5%€ 9.4%€ NR (8Gy/1 - 40Gy/20)
Complicated-impending spinal cord compression and impending pathologic fracture

De Bari case 4 (Italy, 2011) 113€ 30.60% 25.80% 28.20% 15.4%° NR (NR)

'41 specialists/12 trainees; *Takes into account multiple dose fractionation schemes listed per respondent; *Includes unknown/missing responses; €: Ex-
trapolated from data reported or from figure. EBRT: External beam radiotherapy; Intl: International; NR: Not reported.

plicated BM and BM associated with neuropathic pain in
patients with lung cancer, its use as reported by respon-
dents to hypothetical case scenarios remains low. Most
common practice internationally and over time continues
to be 2 30Gy/10 schedule, representing significant diver-
gence from multiple clinical practice recommendations
and consensus guidelines (Table 2). The consequences in
terms of increased departmental workload, health care
costs and patient burden are signiﬁcantm.

For a complicated BM presentation where the litera-
ture is less robust but supports fractionation, a higher
proportion of respondents’ dose schedules are evidence-
based. For a patient with good PS, a truly solitary BM and
no visceral disease, multifractionated highly conformal
treatment may be a reasonable option. In that circum-
stance, long term tumour control may be importantm.

However most patients with lung cancer and compli-
cated BM do not meet these criteria and palliation, not
tumour control, is the goalm. Additionally, patients who
are not likely to benefit from irradiation, especially those
who are not likely to complete the prescribed course,
should not be offered treatment. Those with extensive
metastatic disease, a short life expectancy or very poor
PS should be considered for SF radiotherapy regardless

Roaishidenge ~ WJCO | www.wjgnet.com
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of type of BM lesion, if they are treated at all™, Settings
in which RT should be omitted entirely in favour of best
supportive care are reviewed by Lutz ez a/”".

It is not completely clear why the results of literature
confirming the equivalence of single to MF continue
to be overlooked, although studies suggest that trial
evidence is just one of the factors physicians use in de-
termining dose fractionation schedules”. Patient-, institu-
tion- and training-related factors, along with individual

physician beliefs, also play a role (Table 7).

Patient-related

The number of respondents employing SF for neuro-
pathic pain, which in fact decreased after the publication
of the TROG trial in 2005, may be due to the risk of
occult spinal cord/cauda equina compression, the belief
that tumour shrinkage is required to alleviate pressure on
nerves or the general exclusion of these patients from tri-
als examining efficacy of SF EBRT™. Half of respon-
dents to Nakamura Case 2 were concerned about the
possibility of SCC*. Concerns over toxicity and other
QOL issues have not emerged as major factors®”, likely
because acute toxicity is typically mild and long term tox-
icity uncommon'?. As many as 85% of respondents who
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Table 5 Factors influencing choice of dose fractionation scheme based on direct questioning of respondents

Case

Most impact

Least impact

Uncomplicated-spine

Nakamura Case 2 (Japan, 2012)

De Bari Case 2' (Italy, 2011)

Roos Case 3° (Aust/NZ, 2000)

Complicated-neuropathic pain
Roos Case 4” (Aust/NZ, 2000)

Factors influencing those who chose MF:

Time until first increase in pain

Incidence of spinal cord compression

Incidence of pathologic fracture

Prognosis

Performance status

Radiologic appearance of lesions

Factors influencing those who chose SF:

Literature results

Patient convenience

Resource limitations

Factors influencing those who chose MF:

Minimize chance of recurrent pain

Minimize risk of neurologic progression
(tie) Optimize tumour regression

Patient convenience

Factors influencing those who chose SF:
Literature results

Patient convenience

Resource limitations

Factors influencing those who chose MF:
Minimize risk of neurologic progression
Minimize chance of recurrent pain
Optimize tumour regression

Complicated - impending spinal cord compression and impending pathologic fracture

De Bari Case 4' (Italy, 2011)

Overall
Fairchild (Intl, 2009)

Radiologic appearance of lesions
Site of metastasis
Prognosis

Prognosis
Risk of spinal cord compression
Performance status

NR

Financial aspects
Personal habits
Waiting list

NR

NR

Financial aspects
Personal habits
(tie) Waiting list

Departmental policy
Waiting list
Future retreatment

Previous RT

Published evidence

Age
Late toxicity

'Literature results were not one of the prespecified options; “Includes specialist and trainee responses. Intl: International; MF: Multiple fractions; NR: Not

reported; SF: Single fractions.

recommended MFRT for Nakamura Case 2 regarded it
as supetior based on time until first increase in pain; pat-
ticipants in the Roos survey also cited this factor, which
is not supported by level 1 evidence.

Physician-related

Some international guidelines still recommend multifrac-
tion schedules for uncomplicated BM. NCCN suggests,
but does not provide supporting evidence for, the range
of 8-30Gy/1-20 for an uncomplicated BM secondary to
NSCLC"™. Japanese radiation oncologists prefer to learn
from US resources resulting in similar patterns of prac-
tice!™. Despite evidence to the contrary, radiation on-
cologists may continue to believe that higher total doses,
which can now be delivered with minimal toxicity via
highly conformal techniques, are preferred®™. However,
the mechanism of pain relief may be related to changes
in the local microenvironment rather than direct tumour
kill"”!, Suboptimal quality of early studies (heterogeneity
of patients, differences in endpoint selection, inconsis-

Roaishidenge ~ WJCO | www.wjgnet.com
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tent follow-up practices) may have contributed to lack of
confidence in their results'™

Institution-related
SF is most frequently prescribed in university or gover-

ment (vs private) centres and in large treatment facili-
. [6,7,9.2649]
tes .

Health Care System-related

Reimbursement system is one part of the wider cultural
and bureaucratic context of location of practice/institu-
tional structure™. SF is more commonly used in coun-
tries using a budget or case-payment system (e.g., Canada)
compared to those with fee-for-service reimbursement,
such as ]apanp’m. In a survey of 23/25 Belgian RT cen-
tres after changes in the Belgian reimbursement system
in 2001 from fee-for-service to case payment, there was
an increase in use of SF in 86% of centres'". In Canada,
where SF are used more often, the majority of depart-
ments are funded mostly by government while university

December 10, 2014 | Volume 5 | Issue 5 |



Table 6 Statistical predictors of use of single fraction schedules
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Case Factor OR for use of SF (95%CI) P
Uncomplicated-spine
Hartsell Case 2 (1998, United States) Respondents recommending doses < 30Gy: NR NR
Longer time in practice
Academic practice
Practice in the Southwest
Chow Case 2 (Canada, 2000) No differences based on country of specialty training or year training NR NR
Chow Case 3 (Canada, 2000) completed
Fairchild Case 3 University practice 2.08 (1.35-3.19) 0.001
(Intl, 2009) Private practice 0.27 (0.12-0.61) 0.002
Trained in United States 0.17 (0.10-0.28) <0.001
Practice in Aust/NZ 2.44 (1.43-4.18) 0.001
Roos Case 3 (Aust/NZ, 2000) No difference based on trainees vs specialists, public vs private NR NR
practice, years of experience, % workload palliative, between Aust vs
NZ or between Aust states
Complicated-neuropathic pain
Fairchild Case 4 University practice 2.31 (1.33-4.00) 0.003
(Intl, 2009) Trained in US 0.22 (0.11-0.43) <0.001
Roos Case 4 (Aust/NZ, 2000) No difference based on trainees vs specialists, public vs private NR NR

practice, years of experience, % workload palliative, between Aust vs

NZ or between Aust states

Aust: Australia; Intl: International; NR: Not reported; NZ: New Zealand.

and other funds make up < 10% support™.

A recently published patterns of care study charac-
terized palliative RT dose and fractionation in a large
US cohort of metastatic NSCLC patients (stage IV at
baseline or metastatic at recurrence) and explored factors
influencing RT deliverym. The Cancer Care Outcomes
Research and Surveillance Consortium prospectively
enrolled 1574 patients (2003-2005) who participated in
phone surveys and whose medical records were reviewed.
65% were male with a median age of 68. Eighty-seven
point two percent had metastatic disease at diagnosis and
the remainder was diagnosed with a distant first recur-
rence within 15 mo. Among 194 patients who received
palliative EBRT to bone (218 courses), 50% received 6-10
fractions, 20% five fractions or fewer and 6% received
SE. Among 206 patients with known dose, 49% received
21-30Gy. Patients younger than age 55, who had had
surgery to a metastatic site and those receiving chemo-
therapy were more likely to receive RT to any site. Type
of insurance was not predictive. Patients receiving RT
to BM treated in integrated networks (HMOs, Veterans
Administration) received on average 3.4 fewer fractions
(P =0.001) and 4Gy less dose (P = 0.049), although had
similar rates of RT delivery”. No information was pro-
vided about whether BM were complicated or uncompli-
cated. The authors concluded that a substantial propoz-
tion of patients received higher doses and more fractions
than clinical trial data supports, despite the fact that this
cohort had a short median survival. Patients treated in
integrated networks received lower total doses and fewer
fractions suggesting that provider characteristics, organi-
zational structures and processes or financial incentives
influenced clinical prac'rjcem.

However, arguments against SF have been almost
entirely refuted by recent data, including multiple second-
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ary analyses of the 1999 Dutch trial which randomized
between 8Gy/1 and 24Gy/6, reporting no difference in
outcomes'?. In terms of reirradiation, although SF and
MF patients experienced equivalent response and pro-
gression rates, SE patients were retreated more frequently,
at an earlier time during follow-up and at a lower pain
score. This was interpreted by the authors as evidence
that the differences resulted from practitioner bias rather
than true differences in efﬁcacypsl.

Several economic analyses have compared different
schedules of EBRT. A cost-utility analysis was conducted
prospectively within the Dutch trial". SF RT provided an
additional 1.7 quality-adjusted weeks and cost USD$873
less than MF, including the effects of retreatment. When
considering total societal including non-medical costs, the
estimated savings was larger (USD$1753) but not statisti-
cally signjﬁcantm. In a cost-effectiveness analysis of the
TROG neuropathic bone pain studypsj incorporating data
to three months post-RT, although larger retreatment
costs were associated with the SF arm, these were offset
by savings in medication and hospital admission costs, as
well as by the lower cost of initial RTP, Through the use
of a Markov model, Konski estimated that SF RT was
more cost-effective for painful BM than either multifrac-
tion RT, chemotherapy (mitoxantrone and prednisone)
or analgesics (oxycontin with senokot bowel routine). MF
RT had only slightly more quality-adjusted life months
than SF but cost USD$1300 more”,

van der Linden e /" compared patients with any
histology accrued to the Dutch trial surviving > 52 wk
from randomization. Responses were 87% after 8Gy and
85% after 24Gy, again including effects of retreatment (P
= NS). Duration of response, time to response, and pro-
gression rates were also similar, indicating that patients
do not outlive the benefits of SE
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Table 7 Reasons for reticence in use of single fractions

Factor Ref.
Patient-related
Neuropathic pain [6]
Prevent or address neurologic symptoms [46]
Maximize time to first increase in pain [6]
Patient selection [7]
Prognosis [7]
Patient wishes [7]
Fear of toxicity (acute/late) [6]
Site of bone metastasis [9]
Comorbidities [9]
Physician-related
Influence of global opinion leaders [52]
Presumed dose-response [7]
Professional membership affiliation [9]
Country of training [9]
Country of practice [9]
Lack of experience with large fraction sizes [9]
Lack of participation in related trials [6]
Disbelief of early trial results due to quality [48]
Institution-related
Departmental policy [9]
Longer wait times for RT delivery [62]
Type of centre [9]
Health care system-related
Retreatment more often required [35]
Increased costs due to retreatment [14]
Reimbursement system [24]

Two studies have examined the effect of palliative
EBRT in patients during the last 12 wk of life®”*". Tn
a secondary analysis of 274 patients treated within the
Dutch study, the proportion showing a pain response
did not differ between the SF and MF arms””. A ret-
rospective review evaluated 232 patients dying within 3
mo of beginning treatment, 34% with lung cancer, 64%
men, median KPS 60, median age 69, and 58% received
SE. Overall response rates were 70% at one month and
63% at two months, controlling for analgesic usage. The
authors concluded that despite limited lifespan, patients
with painful BM with an estimated survival of three
months should still be considered for RT".

In terms of risk of pathologic fracture, 35% of the
lesions classified as impending fracture in Harada ez a/™
study responded to multifraction RT, and 81% did not
require surgical intervention. Both the degree to which
recalcification is dependent on dose, and helps to prevent
future fracture, remain unclear, however'’

Finally, no significant differences have been found
in responses rates of eldetly (= 65 years) compared to
younger patients at one, two and three months after RT,
when controlling for analgesic usage, supporting referral
of patients regardless of age'””

Surveys are valuable in assessing practice when it
diverges from published data, but have well-known
limitations, reviewed in Fairchild ¢z a/”. Exploration of
differences in attitude may provide a more realistic basis
for the construction of international consensus, leading
to increased ownership. The results might not be entirely
representative because it is not possible to conclude

WJCO | www.wjgnet.com
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whether answers accurately reflect practice. When the
questionnaires were completed in comparison to when
practitioners became aware of results of new published
data cannot be determined. When facts are being solicited
about existing systems, such as reimbursement method,
accuracy of the answers cannot be checked. Some stud-
ies included trainee respondents, some did not, and some
did not specify. Multiple calculations for associations are
often performed, but rarely taken into account in the
statistical analysis (Z.e., lack of Bonferroni correction).
Possible explanations for differences in practice include
a lack of histology-specific data!”, demographics of re-
spondents, contradictory definitions of uncomplicated
BM, and varying availability of alternative treatment mo-
dalities such as vertebroplasty, radiofrequency ablation,
radiopharmaceuticals and speciality surgery teams”. Ad-
ditionally, increasing use of systemic therapy in patients
with advanced lung cancer may add local anti-tumour ef-
fects™ and case histories often did not desctibe planned
or delivered systemic therapy. Overall, a survey is still a
useful method of exploring attitudes, beliefs and prac-
tices, although it is not possible to extrapolate beyond the
data reported.

CONCLUSION

Palliative EBRT has an essential role as a well-tolerated,
minimally toxic, cost conscious and effective treatment

for symptom control in this setting. However, survey
studies concerning hypothetical cases of patients with
lung cancer and both complicated and uncomplicated
bone metastases continue to show a large discrepancy be-
tween published literature and patterns of practice. From
a common sense perspective, the shortest RT regimen
which maximizes outcomes in an evidence-based manner
seems preferable. Schedules prescribed as multifraction
courses, when SF would be appropriate, disadvantage all
patients and overextend many centres’ already strained
resources.
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