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Abstract
Background: The aim of this study was to demonstrate comparable pain relief with two schedules of radiotherapy
(RT) for painful bone metastases in elderly patients assessed at baseline with the Cumulative Illness Rating Scale
for Geriatrics (CIRS-G).
Materials and methods: 132 elderly were analyzed. 77 received a single 8-Gy fraction and 55 received 20 Gy in 5
fractions. The choice of the treatment schedule was related to comorbidity, disability, target size and compliance.
Pain intensity was measured with Numeral Rating Scale (NRS: 0=no pain; 10=high pain). Complete response was
defined a pain reduction >3 of three points, partial response as a pain reduction ≥2 (2 ≤ pain reduction ≤ 3), no
response was defined by pain score<2. Pain evaluation was recorded at baseline and at 1-4-8 weeks after
completing RT.
Results: overall response: 90.3% in 8 Gy arm (49.8% complete and 40.5% partial), 94.6% in 20 Gy arm (44.6%
complete and 50%partial). No high grade toxicity were reported. The relief of pain was attained faster with single
fraction (p-value ~ 0.2). We observed maximum response of pain control after 8 weeks and no significant differences
were noted between two groups. The re-treatment rate was 17.6% vs. 11.1% respectively.
Conclusions: no significant differences between the two arms in terms of pain response, pain control and toxicity.
Our experience showed that not influenced by age, but in the elderly, life expectancy, comorbidities evaluated with
the CIRS-G, and compliance, are crucial in selecting of shorter treatment.

Keywords: Bone metastases; Elderly patients; Radiation therapy;
Pain control; Comorbidity index

Introduction
Thanks to the global improvement of health care, the world
population is aging, so geriatric oncology is a growing field reflecting
the demographic changes [1]. The definition of elderly patient is
arbitrary, and in clinical practice biological age is more relevant than
chronological age; some clinical trials use 70 years as the cut-off
between elderly and younger patients. The elderly (people aged 65
years or older) account for 61% of all new cancer cases and 70% of all
cancer deaths [2]. The incidence and prevalence of other chronic
medical conditions increase with age. Therefore, elderly patients with
cancer often have to not only the diagnosis of cancer, but a number of
other medically relevant conditions in addition, evaluated thanks to a
lot score [3].
Bone metastases (BM) are observed in approximately 50% of
patients with cancer. Pain is the most common symptom in patients
with bone metastases and radiation therapy provides significant pain
relief. Quality of life, symptom control and toxicity of treatment are of
major importance when considering the choice and efficacy of
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treatments [4]. The palliative radiation therapy, as in bone metastatic
disease, has been shortened to minimize the time commitment for
therapy while reaching the pain control [5-7]. However, the best
schedule is still debated. Numerous randomized trials have been
conducted on comparison between different dose fractionation
schedules but this comparison have not been done in elderly
population. In order to evaluate the efficacy of two different schedules
in elderly patients, we analyzed 132 patients, in terms of pain relief and
social advantages considering the CIRS-G score.

Materials and Methods
Patient characteristics
Our study sample was derived from elderly patients with painful
BM, treated at single center of Radiation Therapy Department –
National Cancer Institute "G. Pascale" in Naples, Italy, between
January 2011 and May 2012. The study was retrospective. We analyzed
132 elderly patients: 69 males and 63 females with a median age of 76
years (range, 65-86).The inclusion criteria were: presence of only one
site of pain and estimated life expectancy of at least 1 month. We
divided the patients in two different groups: Group 1 treated with 8 Gy
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in single fraction and Group 2 treated with 20 Gy in 5 fractions. The
choice of the schedule was related to comorbidity, disability, target size
and compliance of patients. General condition was evaluated before
and after treatment according to the Karnofsky Performance Status
(KPS) index.
The comorbidities were recorded with the Cumulative Illness
Rating Scale Geriatric Version (CIRS-G) [8]. CIRS-G is a valid
instrument in elderly patients [9,10].
The score differentiates between 14 organ systems (vascular
problems, haematopoietic system, respiratory tract, liver, gallbladder,
pancreas, endocrine and metabolic diseases, breast, heart,
musculoskeletal/integument, lower gastrointestinal tract, eyes, ears,
nose, throat, genitourinary tract, upper gastrointestinal tract,
neurological diseases, renal disorders, and psychiatric disorders).
Every comorbidity of a patient was assigned to one of the organ
systems and rated from 1 (mild comorbidity) to 4 (extremely severe
comorbidity).
Patients who presented a number of affected organ system >3, and a
number of affected organ system with severe or extremely severe
disorders (levels 3-4) with cumulative score from 20 to 56 were
preferentially included in the treatment with single fraction. Clinical
signs of cord compression or poor state of health were considered
exclusion criteria. Table 1 shows the characteristics of the sample.

Lung

15

11.1

Colon

11

8.1

Kidneys

9

6.6

Liver

4

2.9

Other sites

6

4.4

Unknown

4

2.9

Spine

73

54

Femorus

27

20

Rib

9

7

Sternum

6

4

Pelvis

13

9.6

Humerus

7

5

Total

135

100

Site lesion

Table 2: Characteristics of primary tumor and site lesion

Group A (8 Gy)

Group B (20 Gy)

Radiation therapy treatment

Number of patients

77

55

Age(median)

76 years (range 65-86)

A Computed Tomography (CT) scan was performed for each
patient, the positioning was realized using personalized vack-lock
system and/or feet support related to different sites. CT axial scanning
(slice tickness: 3 mm) was performed at 3 mm intervals (Toshiba
Aquilion). 3D conformal treatment were planned using two opposed
or multiple fields, with energy of 6-20 MV of photons. The dose
distribution to the target was between 95% and 107% of the prescribed
dose. Varian Eclipse planning station (Varian, Palo Alto, CA) was used
for calculation and optimization.

Sex
M

41

28

F

36

27

CIRS-G

20-48

19-Aug

Table 1: Pretreatment characteristics of groups studied.

Pain evaluation

Toxicity was assessed using the Radiation Therapy Oncology Group
(RTOG) criteria [11].

Pain evaluation was recorded at baseline and at 1-4-8 weeks after
completing RT. Not all patients were able to return for follow up so, in
some cases, we used the telephone interviews. We analyzed the pain
level using a Numeral Rating Scale (NRS: 0=no pain; 10=high pain).
This method is very simple, repeatable and understandable, especially
in this population . We defined complete response a pain score
reduction >3, partial response a pain score reduction ≥ 2 (2 ≤ pain
reduction ≤ 3), no response was defined by a pain score<2. The pain
score was obtained by subtracting pain value at 8 weeks after RT from
pain value at baseline. The patients who were re-treated were
considered relapsed, but we did not recorded the pain score value
before the re-treatment.

BM of different sites were treated, the spine (vertebrae) was the
most frequent site (54%), followed by the femur (20%) and pelvis
(9.6%). The most frequent primary tumors (Table 2) were breast
cancer (46.6%), prostate cancer (17%), lung cancer (11.1%), colon
cancer (8%), liver (2.9%), and others (13.9%). In 75% the diagnosis
were made by radiological exams as standard x-ray (67.6%), bone
scintigraphy (26.7%), Magnetic Resonance Imaging (5.7%). In 25% the
diagnosis were suspected during the clinical examination for the onset
of pain [12].
Characteristics of primary tumor and site lesion

Statistical analysis

N°
of Percentage
patients
(%)
Site primitive tumor
Breast

63

46.6

Prostate

23

17
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We performed a likelihood ratio tests for Negative Binomial
generalized linear models. A sequential analysis of deviance table is
given for the fitted model. Given that for each time series 3 time point
were available, we could consider a two factors model. More
specifically we considered the factor treatment (trt), with the two levels
8 Gy and 20 Gy and the factor time, with the three levels 1w, 4w and
8w. As you can see from the Table 3, the factor treatment was not
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statistically significant (p>0.05), suggesting that the mean pain
reduction between 8 Gy and 20 Gy is not relevant.
Df

Deviance

Resid. Df

Resid.
Dev

P(>|Chi|)

Trt 1

3.247

394

206.58

0.07156

Times 2

62.788

392

143.79

2.322e-14***

Trt:Times 2

2.868

390

140.92

0.23832

Table 3: The factor treatment was not statistically significant (p>0.05),
suggesting that the mean pain reduction between 8 Gy and 20 Gy is
not relevant

Figure 2: Values of pain at 1, 4, 8 weeks; comparison of single
fraction (blue line) versus 5 fractions (red line)

Results
The present study compares two regimens, RT with 8 Gy in 1
fraction (Group 1: 77 patients) versus 20 Gy in 5 fractions (Group 2:
55 patients). In the prescription of radiotherapy fractionation, we
considered comorbidity of patients: patients with a CIRS-G score ≥ 20,
usually was prescribed a single fraction which involved an lower
patient access to the treatment center, and lower compliance to
treatment.
As shown in Figure 1 the CIRS-G was significantly higher in Group
1 (range 20-48) compared to Group 2 (range 8-19). Patients in Group
1 showed CIRS-G ≥ 20. Patients in Group 2, with CIRS-G<20. All
patients (Group 1-Group 2) completed the treatment.

Figure 1: CIRS-G in Group A (8 Gy) and Group B (20 Gy)
The mean pain value at baseline, relative to NRS, was 7.4 in Group 1
and 7.16 in Group 2, respectively. The mean pain values at one and
four weeks after the treatment were: 5.26 and 4.23 in Group 1 and 5.56
and 4.3 in Group 2. The mean pain reduction after 8 weeks from the
end of the treatment was: 3.92 and 3.75, respectively. Statistical
analysis shows that there is no significant difference between the two
treatments in terms of pain reduction (p-value ~ 0.07). Figure 2
reports values of pain at 1-4-8 weeks, comparing single fraction with 5
fractions.
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In terms of response at the end of radiation therapy (Table 4), we
identified in Group 1: 37 patients (49.3%) with complete response, 32
patients (40.5%) with partial response and 8 no-responders (10.2%).
Instead in Group 2 we observed 25 patients (44.6%) with complete
response, 27 patients (50%) with partial response and 3 no responder
(5.4%).The results of gain were 3.48 and 3.41 for single fraction and
multifraction respectively. We observed the maximum response of
pain control after 8 weeks and no significant differences were noted
between two groups. Also KPS showed an improvement in both
groups of patients. Treatment was well tolerated by patients. No cases
of high grade toxicity were reported in both groups as hematological,
skin toxicity, gastrointestinal and mucosytis. The most common acute
toxicity was dermitis: 17% (12% was grade I and 5% was grade II) of
patients with protracted treatment and in 7% in the single-fraction
arm (5% grade I and 2% grade II). Gastrointestinal toxicity occurred
less frequently (2% and 2%), in both arms was grade I. There were no
grades 3 and 4 toxicity.
Group A (8 Gy)

Group B (20 Gy)

Complete response

37

25

Partial response

32

27

No responders

8

3

Re-treatment

16

3

Table 4: Gain and percentage of pain progression, net pain relief,
toxicity, and re-treatment.
The re-treatment was performed in 16 patients Group 1 (20.7%)
and 3 Group 2 (5.4%), respectively. The dose delivered was 8 Gy in all
these cases.

Discussion
Radiation oncologist are often reluctant to treat elderly patients due
to related adverse events. Gomez-Millan, in a recent review about
radiotherapy in elderly patients, recommended specific geriatric
examination to define appropriate sample for this treatment, in terms
of side-effects and complications [13]. Moreover Zachariah et al.
demonstrated that the age is not an exclusion criteria for an aggressive
treatment in patients aged 80 years and older, proving, also, good
outcomes [14]. Treatment of pain should be a top priority in cancer
care. Pain occurs in about 50% of cancer patients and develops
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gradually over a period of weeks or months, worsening the quality of
life of these patients [15]. Bone metastases are an important cause of
pain and increase the risk of skeletal related events as pathological
fractures, spinal cord compression, hypocalcaemia and bone marrow
infiltration. Recent positive developments have occurred in all aspects
of metastatic disease management: skeletal imaging, reconstructive
orthopedic surgery and RT technique [16]. Radiation therapy is the
optimal option for symptom control, low rates of side effects, short
hospitalization. However, under-treatment of pain remains a
considerable problem in the elderly population with cancer.
Comorbidity is any disease that coexist with but is not related to the
index disease being studied. Many elderly patients have an increasing
number of comorbidity [17].
A review by de Groot et al. identify 13 different method to measure
comorbidity. They classified the Charlson-Index, the cumulative
Illness rating scale (CIRS) and the Kaplan-Index as method to measure
comorbidity for clinical research [18].
Numerous randomized trials have been conducted on dose
fractionation schedules [7-19]; but without an analysis of the age
'elderly.
In our department we proposed this comparative study exclusively
in elderly population considering the comorbidity and the pain relief
using two different schedules of RT. The choice of the schedule was
connected to comorbidity, disability, target size and compliance of
patients. The results of our statistical analysis shows that singlefraction 8 Gy compared to 20 Gy in 5 fractions, in elderly patients,
produced no significant difference in terms of pain reduction at the 8
weeks follow up, (p-value ~ 0.07).
These results are aligned with the systematic review of Chow et al.
[20], that identified a total of 16 randomized trials from 1986 onward
and showed that the overall response rates for pain were similar for
single fraction (58%) and multiple fractions (59%), also, the complete
response rates for pain were 23% for single and 24% for multiple
fractions. In these studies the age wasn’t considered as a factor to
analyze.
In 2003 Wu et al. [7] conducted a meta-analyses concluding there
was no significant difference in complete and overall pain relief
between single and multiple fractions, even though re-treatment rates
were higher in patients treated with single schedule.
However, there is some evidence that certain group of patients
would benefit from multiple fractions. Roos et al. [21] compared 8 Gy
versus 20 Gy about neuropathic pain control and established that a
single fraction was not effective for neuropathic pain as multiple, but
also not significantly worse. Generally Roos recommend multiple
fractions but he considered single taking into account long wait time
in treatment medical center and short survival patients.
In terms of radiobiology, 8 Gy delivered in single fraction is a lower
dose than the usual dose used for palliative intent, as 30 Gy (3 Gy/10
fractions), but it is sufficient to pain control. However, some questions
are still unanswered as: the “optimal” single fraction to be used, the
possibility of retreatment, and prognostic factors to identify patients
that are more likely to respond to a single fraction.
About our selection, we chosen single fraction schedule in many
cases for comorbidities and life expectancy, but also to the difficulty of
keeping the position during the treatment. In some cases, patients
wanted a short treatment to reduce the inconvenience (prolonged
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daily therapy, no companions, absence of RT center in small town and
distance from main centers). Moreover, we completed consultation,
treatment simulation and treatment itself on the same day, reducing
the difficulty associated with travel. We thought that the cost of travel
to reach our department had to be considered in the choice of the
fractionation.
Regarding pain control, Cole et al. [22] concluded that a relief of
pain can be achieved by single treatment and a quicker response can
be observed in comparison to 24 Gy in 6 fractionation. Also, he
observed an acceptable toxicity in single treatment. Instead, in our
report the mean pain reduction between 8 Gy and 20 Gy was not
relevant.
Considering the age of our patients, the duration of follow-up was
limited and it could explain also the low rate of re-treatment in our
sample, compared to data of literature [23]. Not all patients were able
to return to make subsequent clinical visits; for this reason, in some
cases, we used the telephone interviews.
In our study there were no cases of severe toxicity and the
differences between the schedules were not significant. Dermatitis was
the most common acute toxicity (7% in single fraction versus 17% in
multi fraction schedules). Gastrointestinal toxicity was grade I in both
arms. In the RTOG study [11] there were significant differences, and
toxicity was higher in the 30-Gy arm compared with the 8-Gy arm:
17% vs. 10%, respectively.
Respect to the re treatment area, in a study of Hartsell et al. [24]
observed a substantial difference in number of patients needing retreatment, 18% of patients in the 8-Gy arm versus 9% in the 30-Gy
arm (p<0.001). These results are observed in almost all reported
studies [25,26]. According with these data, our results, concerning retreatment, report 16 patients Group 1 versus 3 patients Group 2. Also
Sze's meta-analysis [23] reported that in patients receiving singlefraction, the incidence of re-irradiation was 21.5% compared with
7.4% in the multifraction arm. In terms of economic costs, retreatment
and non-medical costs, in van den Hout et al. analysis, on the Dutch
Bone Metastasis Study [27], observed a significantly advantages for
patients who received single fraction radiotherapy. Also, he considered
the reduction in waiting times from insufficient treatment capacity the
mayor economic advantage of single fraction RT.
Our observation about economic aspect was conducted taking into
account the waiting list, the time machine, the cost of travel and the
compliance of our patients.
We also believe that clinicians should encourage the enrolment of
elderly patients on to clinical trials [28] to develop target guidelines.

Conclusions
The high incidence of cancer patients, as well as greater survival
rates, leads a higher proportion of patients with painful bone
metastases, so radiation therapy provides significant pain relief of
symptomatic bone metastases. Literature data show that singlefraction regimen of 8 Gy is able to control the pain as a multi fraction
regimen of 30 Gy. The choice in the internal protocol of our
department of two different schedules in elderly patients, takes into
account the location of bone metastases, the grade of pain, the
comorbidity, the possibility to reach the center of radiotherapy, social
and cultural issues. As is observed in other studies published, also in
our report, there are no significant differences between the two arms
in pain response, pain control and toxicity. Radiation departments
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should critically examine elderly patients considering comorbidities,
life expectancy and lesion characteristics, to optimize the efficient use
of radiation treatment for painful bone metastases.
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