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Local radiotherapy for palliation in multiple myeloma 
patients with symptomatic bone lesions
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Purpose: To evaluate the clinical outcomes of symptomatic bone lesions in patients with multiple myeloma (MM) who received 
local radiotherapy (LRT).
Materials and Methods: Fifty-one patients with 87 symptomatic bone lesions treated via LRT were analyzed. LRT was delivered 
at a median total dose of 21 Gy (range, 12 to 40 Gy) in a median of 7 fractions (range, 4 to 20 fractions). The clinical outcomes of 
LRT and the factors affecting treatment response were assessed.
Results: After a median follow-up time of 66.7 weeks, symptom relief was achieved for 85 of 87 lesions (97.7%). The median time 
to symptom relief was 7 days from the start of LRT (range, 1 to 67 days). The duration of in-field failure-free survival ranged from 
1.1 to 450.9 weeks (median, 66.7 weeks). The radiation dose or use of previous and concurrent chemotherapy was not significantly 
associated with in-field failure for LRT (p = 0.354, 0.758, and 0.758, respectively).
Conclusion: Symptomatic bone lesions in patients with MM can be successfully treated with LRT. A higher radiation dose or 
the use of concurrent chemotherapy may not influence the in-field disease control. A relatively low radiation dose could achieve 
remission of symptoms in patients with MM.
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Introduction

Multiple myeloma (MM) is the most common malignant 
neoplasm of plasma cells, and it primarily involves bone and 
bone marrow [1,2]. Systemic chemotherapy is the primary 
treatment modality for myeloma, and novel agents have 
improved survival outcomes for patients with MM in recent 
years [3]. When a MM lesion progresses and involves a 
considerable portion of bone, patients often complain of 
severe bone pain [4], impending or pathologic bone fractures, 
or large mass-forming lesions with/without nerve compression 

[5]. Therefore, they may occasionally experience neurologic 
impairments such as spinal cord compression [6]. These 
patients usually require immediate treatment to relieve these 
painful symptoms. However, systemic chemotherapy does 
not provide prompt symptom relief; thus, local treatment is 
necessary.

Local radiotherapy (LRT) is a readily available modality that 
can be useful for the treatment of symptomatic lesions. Few 
studies have assessed the role of LRT in the palliation of MM 
[7-12], and none has been reported in recent years. The aim 
of this study was to assess the efficacy of LRT for alleviating 
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symptoms caused by MM.

Materials and Methods

We retrospectively analyzed all patients who treated with LRT 
for MM at Kyungpook National University Hospital in Daegu, 
Korea between January 2006 and July 2014. This study was 
approved by the Institutional Review Board of Kyungpook 
National University Hospital (KNUH 2015-05-026). Eligibility 
criteria included histopathologically confirmed MM with 
subjective symptoms related to the radiographic findings 
(from computed tomography or magnetic resonance imaging 
[MRI]) of an osteolytic lesion, pathologic fracture, and/or a 
soft tissue-like mass involving the bone and bone marrow, as 
well as no prior radiotherapy. Patients who received radiation 
treatment to an extraskeletal site, those with remnant 
lesions after tumor resection, and those with a history of 
other malignancies were excluded. Fifty-one patients with 
87 symptomatic bone lesions who received LRT for palliation 
were finally included in this study. There were 24 men and 27 
women with a median age of 65 years (range, 30 to 83 years). 
Leading to LRT, pain was reported for 64 lesions (73.6%), and 
neurologic impairment such as sensory and/or motor weakness 
was noted in 7 lesions (8.0%). Additionally, both symptoms 
were reported for 16 lesions (18.4%). The irradiated sites were 
as follows: spine for 46 lesions (52.9%), pelvic bone for 14 
lesions (16.1%, LRT was delivered to the pelvic bone and both 
femurs for 2 of the lesions), extremities for 10 lesions (11.5%), 
skull for 7 lesions (8.0%), ribs for 7 lesions (8.0%), and other 
parts of the bone for 3 lesions (3.5%) (Fig. 1). The radiation 
field included the osteolytic lesion and the soft tissue-like 

mass that surrounded the bone and caused pain. Radiation 
was delivered to two- or three-dimensional conformal fields 
with 6- or 10-MV photons. LRT was delivered at a median 
total dose of 21 Gy (range, 12 to 40 Gy) in a median of 7 
fractions (range, 4 to 20 fractions). All radiation treatment 
courses included 5 irradiation doses per week. The response 
to LRT was assessed on the basis of changes in the subjective 
symptoms of the patients, radiographic findings, and/or 
reduction in the dose of analgesics. A change in symptoms 
was defined as any reduction in pain or any improvement 
in neurologic manifestations. We defined in-field failure as 
recurrence or progression of symptoms inside the regions 
treated with LRT. Chemotherapeutic agents such as vincristine, 
cyclophosphamide, doxorubicin, melphalan, dexamethasone, 
prednisone, bortezomib, and thalidomide were used.

The clinical outcomes were assessed starting from the 
initiation of LRT. The Kaplan-Meier method with a log-rank test 
was used to analyze overall survival and in-field failure-free 
survival. The chi-square test or Fisher exact test was performed 
to evaluate the significance of the correlations between 
categorical variables and the response to LRT. Multivariate 
analyses were not performed because of the small number 
of patients for each variable. The radiation dose for different 
fractionation schedules was computed using the equivalent 
dose in 2-Gy fractions (EQD2) via a linear-quadratic model. 
For statistical analyses, SPSS ver. 18.0 (SPSS Inc., Chicago, IL, 
USA) was used. A p-value of less than 0.05 was considered 
statistically significant.

Results

The median follow-up duration was 66.7 weeks (range, 1.1 
to 450.9 weeks). Symptom relief was achieved for 85 of the 
87 lesions (97.7%). The median time to symptom relief was 7 
days (range, 1 to 67 days). Two lesions (2.3%) did not respond 
to LRT. One of these lesions was located at the thoracic 
spine. The planned radiation dose was not delivered because 
the performance status of the patient decreased during 
treatment. The patient died 2 weeks after LRT interruption. 
The other lesion was located in a region spanning the lower 
thoracic spine to the upper lumbar spine, and it was a site of 
recurrence after surgical treatment. The planned radiation dose 
was delivered, but the lesion progressed rapidly within 4 days 
despite LRT, as determined by spine MRI. The response rates 
according to symptoms are shown in Fig. 2. The administered 
radiation dose was converted to the EQD2; on this basis, 
radiotherapy was administered at a dose of 13–40 Gyα/β = 10 
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Fig. 1. The irradiated sites by anatomical location.
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(median, 23.33 Gyα/β = 10).
Regarding chemotherapy, 36 lesions (41.4%) were irradiated 

prior to chemotherapy, whereas 51 lesions (58.6%) were 
irradiated after chemotherapy (high-dose chemotherapy 
followed by stem cell transplantation was used for 12 lesions); 
meanwhile, concurrent chemotherapy was delivered during 
LRT for 52 lesions.

Among the 85 lesions for which remission was achieved 
after LRT, 11 lesions exhibited in-field failure. The duration of 
in-field failure-free survival after LRT ranged from 1.1 to 450.9 
weeks (median, 66.7 weeks) (Fig. 3). The factors associated 
with in-field failure are shown in Table 1. The radiation dose 
and receipt of previous and concurrent chemotherapy were 
not significantly associated with in-field failure for LRT (p = 
0.354, 0.758, and 0.758, respectively). Particularly, the EQD2 
of 23.33 Gy was used for 11 lesions and EQD2 less than 23.33 
Gy were used for the other 32 lesions in the lower dose 
group. Most cases were treated with the planned protocol 
of irradiation. However, one patient required a treatment 
modification because of rapid deterioration of general 

condition. The patient was died 50 days after termination of 
treatment. We have classified the response outcomes by the 
lesion size at the time of applying LRT in 52 patients using the 
Response Evaluation Criteria in Solid Tumors (RECIST version 
1.1) [13]. In cases of the lesion size <5 cm, partial response (PR) 
accounted for 65.2% (n = 15) and complete response (CR) was 
34.8% (n = 8). In cases of the lesion size ≥5 cm, the ratios of 
PR and CR were 82.8% (n = 24) and 17.2% (n = 5). Although 
the ratio of CR was higher in the small lesion group than the 
large lesion group, the effect of lesion size on response was 
not statistically significant (p = 0.147). Additionally, lesion 
size did not affect the duration of in-field disease control (p = 
0.564). Re-irradiation was performed for 6 lesions, 4 of which 
exhibited symptom relief.

For all patients, most acute and chronic toxicities were 
mild to moderate. There were no cases of grade 3 or higher 
complications caused by LRT.

Discussion and Conclusion

We examined 87 bone lesions in patients with MM who 
received radiotherapy. The response rate of the lesions was 
97.7%. Several studies [8,10,12,14] defined the response to 
radiotherapy as an improvement in subjective symptoms or 
performance status or a decrease in the use of analgesics. 
These studies considered both complete and partial remission 
of symptoms when evaluating response. In those studies, 
symptom relief was reported in more than 80% of patients, 
and the radiation dose had no influence on in-field failure-
free survival. The published studies express the radiation dose 

Table 1. Factors associated with in-field failure

Variable
No. of recurrent lesions 

(%) p-value
No (n = 74) Yes (n = 11)

Radiotherapy dose (EQD2)
   Lower dose (≤23.33 Gyα/β = 10)
   Upper dose (>23.33 Gyα/β = 10)
Previous chemotherapy
   No
   Yesa)

Concurrent chemotherapy 
   No
   Yes 

 
36 (83.7)
38 (90.5)

 
32 (88.9)
42 (85.7)

 
31 (88.6)
43 (86.0)

 
7 (16.3)
4 (9.5)
 

 4 (11.1)
 7 (14.3)
 

 4 (11.4)
 7 (14.0)

0.354
 
 

0.758
 
 

0.758
 
 

EQD2, the equivalent dose in 2-Gy fractions.
a)Twelve lesions were previously treated using high-dose chemo-
therapy followed by stem cell transplantation.
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Fig. 2. The response rates according to symptoms.
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Fig. 3. The in-field failure-free survival duration after radiotherapy 
ranged from 1.1 to 450.9 weeks (median, 66.7 weeks).
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without regard to fractionation [7,10,12,14]. In the current 
study, a bias of fractionation might have existed because the 
radiotherapy schedule was determined on the basis of the 
condition of the patient. Treatments were individualized to 
alleviate radiation complication by reducing the fraction size 
in large radiation field size and shortening the radiotherapy 
period for the patients with poor condition. To account for 
different fractionation schedules, we determined the radiation 
dose that influences in-field failure using the EQD2 via a linear-
quadratic model, calculating an α/β ratio of 10 Gy for killing 
myeloma cells [15]. The radiation dose expressed as the EQD2 
did not affect in-field disease control (p = 0.354) in the present 
study. Thus, our findings were similar to those of other studies 
[8,10,12,14]. On the contrary, Adamietz et al. [7] regarded 
only complete resolution as a response to radiotherapy. They 
demonstrated that a higher radiation dose increases the 
duration of in-field disease control. However, because myeloma 
is a radiosensitive malignant neoplasm [11,14], previous studies 
[8-10,12] and the National Comprehensive Cancer Network 
guidelines [16] recommend low-dose radiotherapy (10–30 Gy) 
for palliation. The EQD2s were approximately 10–32.5 Gyα/β = 10 
when converted using a linear-quadratic model. At a median 
EQD2 of 23.33 Gyα/β = 10, excellent responses without severe 
toxicities were detected in our study. Thus, a relatively low 
radiation dose can result in symptom relief in patients with 
MM. Moreover, re-irradiation was successfully conducted for 
recurrent lesions (6 of 11 sites). The symptom-free rate after 
re-irradiation was 66.7%.

The impact of concurrent chemotherapy on the response 
to radiotherapy remains controversial. Adamietz et al. [7] 
reported that additional chemotherapy during radiotherapy 
improved the response, whereas Leigh et al. [10] failed to 
determine the effect of concurrent chemoradiotherapy (CRT). 
The reason for this discrepancy was considered that most 
patients (97%) received chemotherapy prior to radiotherapy 
and that extensive chemotherapy might conceal the benefits 
of CRT. In the present study, 51 lesions (58.6%) were treated 
with chemotherapy before radiotherapy, and thus, the masking 
effect of CRT can be excluded. We found that concurrent 
chemotherapy did not improve the response rate significantly 
(41.2% vs. 58.8%, p = 0.513) or reduce in-field failure (11.4% 
vs. 14.0%, p = 0.758).

In addition, we analyzed the ratio of the duration of 
palliation to survival according to lesion site. This ratio ranged 
from 18.2% to 99.9% (median, 97.7%). This ratio was generally 
high in the present study, implying early symptom relief 
(median, 7 days) after LRT and in-field disease control during 

follow-up. Consequently, LRT with low-dose radiation may 
be a good treatment option for symptom relief associated 
with local bony lesions considering the length of survival for 
patients with MM, and this treatment may be repeated at 
previously irradiated sites following recurrence.

In conclusion, LRT is effective in relieving symptoms such 
as severe pain or neurologic impairment caused by bone 
lesions in patients with MM. In-field disease control may not 
be affected by the radiation dose or the use of concurrent 
chemotherapy. In addition, good outcomes for in-field disease 
control may be expected with a low total dose of radiotherapy 
(EQD2 = 23.33 Gyα/β = 10).
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