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Background: Multiple myeloma (MM) is hematologic malignancy 

characterized by the accumulation of malignant plasma cells in the 

bone marrow. Recently, MM remains uniformly fatal with a median 

survival of approximately 50 months after diagnosis. MM is extremely 

susceptible to radiation treatment and targeted radiotherapy including 

bone-seeking radiopharmaceuticals, monoclonal antibodies conjugated 

to radionuclides (radioimmunotherapy), and radiotargeted gene therapy 

using recombinant oncolytic viruses (radiovirotherapy) now offers a 

new paradigm to target this systemic malignancy. Palliative irradiation 

of osteolytic lesions is a considerable component in the treatment for 

patients with multiple myeloma. The aim of this study was to assess 

indications for RT as well as its effectiveness in MM patients. Patients 

and methods: 67 patients were retrospectively analyzed with MMs 

who was admitted to multi-centric Institutes of Cancer during 5 years 

period.  According to the staging system of Durie & Salmon 50 patients 

were classified as stage III. Nearly seventy percent of patients (47/67) 

were treated with radiotherapy of at least one and up to 6 bony lesions 

at different times. Evaluation for the effect of local radiotherapy on 

pain relief and bone re-calcification was performed. Complete 

information on dose, fractionation and volume of radiotherapy was 

available from 35 patients treated in 56 target volumes for pain relief, 

and from 32 patients treated in 48 target volumes for re-calcification. 

Total radiation doses varied between 8 Gy to 50 Gy (median dose 25 

Gy in 2.5 Gy fractions, 5 times a week). Results: Radiotherapy resulted 

in complete local pain relief in 20(29.9%) and partial local pain relief in 

36(53.7%) of the patients. The higher total radiation doses and higher 

age at the time of radiotherapy were significantly associated with a 

higher likelihood of pain relief, whereas no significant association was 

detected for concurrent systemic treatment, type and stage of myeloma 

and location of bone lesions. Re-calcification was observed in 47.9% of 

irradiated bone lesions. The higher radiation doses were significantly 

associated with an increased likelihood of re-calcification. Side effects 

of radiotherapy were generally mild. Conclusions:  Despite the 

introduction of novel effective agents in the treatment of MM, RT 

remains a major therapeutic component for the management in 70% of 

patients. It continues to play a prominent role in the palliative treatment  
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and it effectively provides pain control. However, the therapeutic 

measures appear to develop a better analgesic effect in elderly. Higher 

total biological radiation doses were associated with better pain relief 

and re-calcification in MM patients.  
 

                  Copy Right, IJAR, 2017,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Multiple myeloma (MM) is a rare cancer of plasma cells, clinically characterized by recurrent bone pain, soft tissue 

masses, anemia, infections, neurological symptoms, hypercalcemia and renal failure. It represents 1% of all 

malignancies, with an annual incidence of approximately 4-5/100,000 (Matuschek et al., 2015; Talamo et al., 

2015).  In rare cases, plasma cell proliferation occurs in the form of a solitary lesion. These presentations can be 

found either in bone (leading to what is called solitary bone plasmacytoma, SBP) or soft tissue (extramedullary 

plasmacytoma, EMP), without any evidence of systemic invasion (Thumallapally, 2017). The incidence of multiple 

myeloma is increasing in recent years and it accounts for about 10% of malignant tumor in blood system which 

surpassed leukemia Therefore, the early detection, diagnosis and treatment plays an important role in improving 

patients‘ survival rate and quality of life (Xue Liu et al., 2016). The diagnosis is based on laboratory parameters in 

combination with bone marrow biopsy or bone marrow aspiration providing information about paraproteinaemia, 

bone marrow plasma cell infiltration and osteolytic bone destruction. Lytic bone lesions are present in 

approximately 80% of patients with a high risk of pathological fractures, hypercalcaemia and bone pain (Lütje et 

al., 2009). However, traditional morphological imaging technologies, such as X-ray, Computed Tomography (CT) 

and Magnetic Resonance Imaging (MRI), have some limitations in evaluating the curative effect and detecting early 

lesions (Lemke et al., 2004). While compared with traditional technologies, 18F-fluorodeoxyglucose positron 

emission tomography (18F-FDG PET) or positron emission tomography-computed tomography (PET-CT) as a new 

imaging technique, can be applied in the diagnosis, stage and prognosis of tumor and the efficacy evaluation after 

the therapeutics (Antoch et al., 2003; van Lammeren-Venema et al., 2012; Xue Liu., et al 2016). In the past, the 

traditional treatment of MM consisted of corticosteroids and conventional chemotherapy, with or without stem cell 

transplantation (SCT). However, systemic therapy was often inadequate, and previous studies have shown that the 

majority of MM patients -approximately two-thirds- required the use of radiation therapy (RT) during the course of 

the disease (Mill and Griffith, 1980; Bosch and Frias, 1988; Leigh et al., 1993).  

 

The goal of RT is to deprive cancer cells of their multiplication  potential by targeting their DNA and damaging it 

with irreparable double strand breaks, either by direct interaction or indirectly, after generation of free radicals. 

Neoplastic cells are killed by a variety of mechanisms, including apoptosis, mitotic catastrophe, necrosis, 

senescence, and autophagy, but the main cell-death mechanism following RT is considered apoptosis (Verheij, 

2008; Talamo et al., 2015).  RT was recognized as an effective anti-MM therapy as early as 1931, when it was 

found to ameliorate symptoms and, in certain cases, to provide a lasting disease control (Coley, 1931). It remains the 

best therapeutic option in patients suffering from solitary plasmacytoma (SP), offering high response rates and 

excellent survival. It also, has a potentially curative effect for extramedullary plasmacytomas (Reed et al., 2011; 

Krause et al., 2011; Katodritou et al., 2014). However, the role of RT in the treatment of MM is only palliative. 

Traditional indications for RT in MM are pain control for large osteolytic lesions, prophylactic treatment of 

impending pathological fractures, post-fracture pain, spinal cord compression, and treatment of extramedullary 

disease (Talamo et al., 2015).   

 

Palliation of symptoms is a major goal of therapy in MM, because skeletal-related events (SREs), such as painful 

lytic lesions and pathologic fractures, represent major causes of morbidity in this cancer. In fact, MM patients often 

require potent analgesic drugs to control bone pain and improve their quality of life, and SREs may still develop 

despite a therapeutic response to effective systemic therapy, due to the slow repair of osteolytic lesions (Talamo et 

al., 2015). The efficacy of RT in palliating pain is very high, and previously, several studies have reported a 75–

100% range of pain control with a relatively short course of RT (Mill and Griffith, 1980; Bosch and Frias, 1988; 

Leigh et al., 1993; Adamietz et al., 1991; Lecouvet et al., 1997). Most MM patients achieve significant pain relief 

with a local RT dose of 3,000 cGy given in 10–15 fractions. In the last few years, the introduction in clinical 

practice of several novel agents, i.e., the three immunomodulatory drugs (IMiDs) thalidomide, lenalidomide, and 

pomalidomide, and the two proteasome inhibitors (PIs) bortezomib and carfilzomib, has produced significant 

disease responses and survival advantage in MM patients, revolutionizing the therapy of MM in all phases of 
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treatment, i.e., induction therapy, maintenance, and in the setting of relapsed/refractory disease. The role of RT in 

the era of the novel biological agents has not been adequately assessed (Talamo et al., 2015). 

 

Patient and Method:- 

The data collected retrospectively from the records of patients diagnosed as multiple myeloma and treated in the 

different Departments of Radiation Oncology, in multicenter of cancer during 5 year period from January 2010 till 

the end of 2015, after permission from all Institutional Review Board. Patients were excluded, if their 

documentation lacked accurate information or they suffered from another acutely life threatening neoplasm. Data 

were collected about age of the patients at presentation, sex, primary site (s), staging, and dose & duration of 

therapy. Clinical examinations were done with the results of routine laboratory investigations laying stress on serum 

calcium and bone marrow aspiration and/or biopsy; The results of plain X-ray, CT scans or MRI, isotopic bone scan 

and skeletal survey was reviewed.  

 

Sixty seven patients were recorded during the period of study. They include 47 (70.1%) male and 20 (29.9%) 

female, with male to female ratio (2.35:1). The age ranged from 30 - 82 years, and the median age was 55years. 

Patients were staged according to the staging system of Durie & Salmon (2006). Complete information on dose, 

fractionation and volume of radiotherapy was available from 35 patients treated in 56 target volumes for pain relief 

(1–6 target volumes per patient, median: 1 volume), and from 32 patients treated in 48 target volumes for re-

calcification (1–5 target volumes per patient, median: 1 volume).  Indications for radiotherapy were osseous pain, 

pathologic fractures, or neurological symptoms related to osteolytic lesions. On average, radiotherapy was 

performed 4 months after initial diagnosis, ranging from 1 to 179 months.  

 

Analgesic effects during the first year after radiotherapy were retrospectively extracted from the patient‘s files using 

a Likert scale (Norman, 2010) for pain. The analgesic effect was categorized to complete pain relief, partial pain 

relief and no pain relief. Re-calcification was based on assessment of tumor remission by World Health 

Organization (WHO) criteria and divided into 4 categories of skeletal metastases (Jordan and Sanger, 2006): 

complete remission (CR, for at least 4 weeks), partial remission (PR, size reduction and re-calcification), no change 

(status idem), and progressive disease (PD), which was defined as a size increase of more than 20% (Wang, 1985). 

Re-calcification was measured with the help of a computed tomography (CT) (Lütje et al., 2009). Degree of re-

calcification was based on a comparison of pre-treatment and post-treatment (at least 3 months to 1 year after 

irradiation) radiographs (CT and/or MRI) using ROI (Region Of Interest) and diameter measurement, as well as 

manifest sclerosis. For the statistical analysis of the analgesic effect and re-calcification a binary outcome was used 

taking partial to complete remission to one category and no change and progression to the other category. 

 

Statistical analysis:- 

Nominal data were statistically represented in terms of frequencies (number of cases) and percentages. The x
2
-test 

was used to determine the relations or comparisons in nominal data. A P-value less than 0.05 was considered 

significant. 

 

Results:- 
The results of the present work are presented in Tables (1-8) and in Figure (1-4). 

Most of patients (68.7%) presented below 60 years old with male predominant (70.1%). According to the staging 

system of Durie & Salmon 50 (74.6%) patients were classified as stage III (Table 1). Most of the anatomical 

location of the lesion was found in spine and extremities (66.7%) followed by trunk (21.4%) (Table 1). The majority 

of patients 55(82.1%) were presented with bone pain followed by fatigue 28 (41.8%), then pallor 12(17.9%) and 

weight loss 4(6%). Meanwhile, two patients only (3%) were presented with neurological symptoms (Figure 1).  

 

Blood hemoglobin was found to be ≤10 gm/dl in 35(52.2%) (Table 2) and 49 patients (73.1%) were presented with 

serum calcium ≤ 11mg/dl (Figure 2). However, B2 microglobulin was found to be < 5.5mg in most of the patients 

46(68.7%) (Figure 3). Additionally, all patients were presented with positive Benz Johns protein while 65 patients 

(97%) presented with IgG and two patients only (3%) were presented with IgD (Table 2). 

   

Nearly seventy percent of patients (47/67) were treated with radiotherapy alone of at least one and up to 6 bony 

lesions at different times. The total radiation doses varied between 8 Gy to 50 Gy (median dose 25 Gy in 2.5 Gy 

fractions, 5 times a week). Systemic therapy was given simultaneously to 44 (65.7%) of the irradiated patients 

(Table 3). Surgical intervention in the area of irradiation was performed in 18 (26.9%) patients {4(6%) at peripheral 
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fractures and 14(20.9%) vertebral operations, e.g. 5(7.5%) vertebroplastics, 6 (8.9%) laminectomies and 3(4.5%) 

other procedures} (Table 3).  

 

Table 1:- Patients‘ characteristics 

Item No. % Item No. % 

Age: 

Below 60 years old 

Above 60 years old 

 

46 

21 

 

68.7 

31.3 

Sex: 

Male 

Female 

 

47 

20 

 

70.1 

29.9 

Stage at Diagnoses: 

I 

II 

III A 

III B 

 

5 

12 

21 

29 

 

7.5 

17.9 

31.3 

43.3 

Anatomical sites: 

Spine 

Extremities 

Trunk 

Other bone sites 

Extramedullary sites 

 

87 

47 

43 

16 

8 

 

43.3 

23.4 

21.4 

7.9 

4.0 

 

 
Figure 1:- Clinical Presentation of Patients 

 

Table 2:- Laboratory Investigations: 

Item No % Item No % 

Blood hemoglobin level: 

 

≤ 10 gm/dl 

> 10 gm/dl 

 

 

35 

32 

 

 

52.2 

47.8 

Benz Johns protein: Immune 

Fixation: 

IgG 

IgD 

67 

 

65 

2 

100 

 

97 

3 

 

           
       Figure 2:- Serum Calcium Level                                Figure 3:- B2 Microglobulin 

 

Tumor remission was achieved in 39(58.2%) of patients (Table 4). On the other hand, Bone pain relief was noticed 

in 56(83.6%) of patients during and after radiotherapy (Table 5-7). However, the side effect was found to be mild 

(12.5-37.5% according to the location) (Table 6&7, Figure 4). Re-calcification was observed in 23(47.9%) of 

irradiated bone lesions (Table 8). The higher radiation doses were significantly associated with an increased 

likelihood of re-calcification (P- value = 0.0058). 

0
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The higher total radiation doses and higher age at the time of radiotherapy were significantly associated with a 

higher likelihood of pain relief (P- value =0.0282, 0.0003 respectively), whereas no significant association was 

detected for concurrent systemic treatment, type and stage of myeloma and location of bone lesions (P- value 

=0.0178, 0.5229, 0.0643, 0.4318 respectively). 

 

Table 3:- Treatment Modalities: 

Item No % Item No % 

Radiotherapy 

-Radiotherapy alone 

-Radiation Dose (Gy) 

8 

20 

25 

30 

36 

40 

Diverse 

67 

47 

 

1 

21 

12 

9 

12 

9 

3 

100 

70.1 

 

1.5 

31.4 

17.9 

13.4 

17.9 

13.4 

4.5 

Surgical intervention 

peripheral fractures 

vertebral operations 

- vertebroplastics 

- laminectomies 

- other procedures 

 

 

Systemic therapy 

18 

4 

14 

5 

6 

3 

 

 

44 

26.9 

6 

20.9 

7.5 

8.9 

4.5 

 

 

65.7 

 

 

Table 4:- Tumor Remission after Treatment 

Item No % Item No % 

Complete Remission 26 38.8 No Change 1 1.5 

Partial Remission 13 19.4 Progression 27 40.3 

 

Table 5:- Analgesic effect of patients undergoing radiotherapy 

Analgesia Radiotherapy 

(No =67) 

Systemic Therapy 

(No= 44) 

Surgical Intervention 

(No= 18) 

No % No % No % 

Yes 56 83.6 37 84.1 15 83.3 

No 11 16.4 7 15.9 3 16.7 

 

Table 6:- Bone Effect of Radiotherapy  

Pain Relief No % Side Effect No % 

Local pain relief 20 29.9 Spine 18 20.7 

Partial local pain relief 36 53.7 Extremities 6 12.8 

No change 9 13.4 Trunk 8 18.6 

Progression 2 3 Other bone sites 6 37.5 

   Extramedullary sites 1 12.5 

 

Figure 4:- Side Effect of Radiotherapy on Location 

 
 

Spine 
(18) 

Extremities 
 (6) 

Trunk 
 (8) 

Other bone 
sites 
(6) 

Extramedullary 
sites 
 (1) 
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Table 7:- Analgesic Effect in Relation to the Locations:  

Location No. of 

Sites 

Analgesia Side 

Effect 

(%) 
Local and Partial Pain 

Relief 

No Change and 

Progression 

No % No % 

Spine 87 76 87.4 11 12.6 20.7 

Extremities 47 38 80.9 9 19.1 12.8 

Trunk 43 36 83.7 7 16.3 18.6 

Other bone sites 16 13 81.25 3 18.75 37.5 

Extramedullary sites 8 5 62.5 3 37.5 12.5 

 

Table 8:- Re-calcification of patients undergoing radiotherapy 

Re-calcification of 

the targeted volume 

Radiotherapy 

(No =48) 

Systemic Therapy 

(No= 44) 

Surgical Intervention 

(No= 18) 

No % No % No % 

Yes 23 47.9 21 43.8 17 35.4 

No 25 52.1 27 56.2 31 64.6 

 

Discussion:- 
Multiple myeloma (MM) is hematologic malignancy characterized by the accumulation of malignant plasma cells in 

the bone marrow; secrete antibody, and cause progressive osteolytic bone disease and end-organ damage (Salem 

and Goel, 2012; Kearl et al., 2013). Modern treatment of MM consists of a combination of different treatment 

approaches (Matuschek et al., 2015). As malignant plasma cells are very radiosensitive, So, RT is a treatment 

modality traditionally used in patients with MM (Green et al., 2014; Talamo et al., 2015). MM symptoms depend 

on organ damage and include renal failure, anemia due to extensive BM infiltration, hypercalcemia, and pain due to 

osteolytic bone lesions (Romano et al., 2014). In the current study, anemia and hypercalcemia was found in nearly 

52% and 27% respectively. However, hypercalcemia, renal insufficiency, anemia, or bone lesions was the evidence 

of end organ damage (Sehgal et al., 2014). 

 

Osteolytic lesions and bone pain is a common symptom in patients with multiple myeloma and present at the time of 

first diagnosis in 70% of cases (Mose et al., 2000). Larger osteolytic lesions are frequently associated with pain and 

the risk of fracture. However, Palliative irradiation of painful osteolytic processes is an important component in the 

treatment of multiple myeloma. Accordingly, radiotherapy in addition to systemic treatment is typically 

administered in these situations and is frequently associated with rapid pain relief (Matuschek et al., 2015).  In the 

current study, during and after radiotherapy, Tumor remission was achieved in 39(58.2%) of patients and bone pain 

relief was noticed in 56(83.6%) of patients. This result was in accordance with the results of Matuschek et al (2015) 

and Talamo et al (2015) who recorded the analgesic success rate of radiotherapy was 85% and 84% of all 

irradiations respectively. Matuschek et al (2015) also, achieved partial analgesic effect in 54% of his patients and 

31% achieved complete pain relief. This is also achieved in the present study (Partial bone relief was 53.7% and 

complete bone relief was 29.9%). Additionally, Talamo et al (2015) achieved a percentage of 7.2% and 76.4% of 

partial and complete response rate for RT in his patients. Previously, the high efficacy of radiotherapy that induces 

complete or partial pain relief in 75-95% of patients with painful myeloma bone lesions has been reported from 

several independent retrospective evaluations (Adamietz et al., 1991; Koswig and Budach, 1999; Foro Arnalot et 

al., 2008). The majority of the patients in these investigations were treated with total doses between 30 and 40 Gy, 

typically using fraction sizes between 2 and 3 Gy. The investigators did not test whether greater radiation doses are 

associated with improved pain control, either because of too small variation in the employed radiation schedules or 

because of too short variation in pain control. Unfortunately, Leigh et al. (1993) reported a slight trend to higher 

rates of pain relief at higher radiation doses, but he did not employ a normalization of the used fractionation 

schedule. In the study of Adamietz et al. (1991) the median total radiation doses of responding and not responding 

myeloma patients in terms of pain relief were identical, indirectly indicating no distinct dose response relationship. 

In the current, the higher total radiation doses and higher age at the time of radiotherapy were significantly 

associated with a higher likelihood of pain relief (P- value =0.0282, 0.0003 respectively), whereas no significant 

association was detected for concurrent systemic treatment, type and stage of myeloma and location of bone lesions. 

(P- value =0.0178, 0.5229, 0.0643, 0.4318 respectively). The statistical difference in age was found also, in the 



ISSN: 2320-5407                                                                                    Int. J. Adv. Res. 5(10), 848-857 

854 

 

study of Talamo et al (2015). It could theoretically be due to the fact that some very old patients have problems that 

prevent the administration of RT (e.g., poor performance status, comorbidities, dementia). However, bone disease 

remains complex and is caused by the production of the osteoclast stimulating enzymes (Perez and Brady, 2004). 

The inhibition of pain mediators and the shrinkage of the tumor are thought to be the main mechanisms of analgesic 

effects derived from irradiation. The often rapid analgesic effect of irradiation is not completely in myeloma cells 

within 72 h (Filippovich et al., 2001); rapid death of myeloma cells resulting in decompression of nerves and 

pressure sensors following tumor shrinkage is probably the most important mechanism. Other proposed mechanisms 

include the obstruction of the secretion of mediators such as substance P and cytokines, at the interface of myeloma 

cells and the bone matrix (van der Linden et al., 2004; Hoskin, 2003; Matuschek et al., 2015). Fortunately, 

patients treated with RT were more likely to have non-secretory disease. these patients come to medical attention for 

skeletal complications and require RT more frequently than patients with secretory MM, because the latter have 

useful tumor markers that may detect progressive disease at an earlier stage, or because they may present with MM 

manifestations that do not require RT, such as hyperviscosity syndrome due to IgG or IgA paraproteins, or cast 

nephropathy due to free light chain secretion (Talamo et al., 2010 & 2015). 

 

On the other hand, Re-calcification is achieved long term after a few months, while an analgesic effect is obtained 

during or immediately after radiotherapy (Matuschek et al., 2015). In the present study, Re-calcification success 

rate of radiotherapy was observed in 47.9% of irradiated bone lesions. The higher radiation doses were significantly 

associated with an increased likelihood of re-calcification. (P- value = 0.0058). Beside pain relief, a re-calcification 

of bony lesions is desirable to reduce the bone fracture rate. Therapy of solitary plasmocytoma underline higher 

target volume doses is more effective. Total doses of 45 Gy or higher in 2.0-2.5 Gy per fraction seem to eradicate 

most tumors (Hu and Yahalom, 2000; Dimopoulos et al., 1992) and is re-emphasized by studies of solid tumors 

(Koswig and Budach, 1999). But these clinical trials do not examine multiple myeloma osteolyses in particular. 

The re-calcification success rate of the present study is similar to that achieved by Matuschek et al 2015 who reach 

a success rate of 48% of all irradiation. Re-calcification after radiotherapy has been reported in 11-50% of patients 

with bone lesions of solid tumors from several independent retrospective evaluations (Stolting et al., 2008; 

Adamietz et al., 1991). The majority of the patients in these investigations were treated with total doses between 30 

and 50 Gy. The majority of the patients in the current study were treated with total doses between 25 and 50 Gy. 

There were only few significant results found whether higher radiation doses are associated with improved re-

calcification for patients with multiple myeloma. Koswig and Budach (1999) examined re-calcification following 

radiation therapy with 2 different fractionation schedules (1 × 8 Gy vs 10 × 3 Gy) for bone metastasis of solid 

tumors. The re-calcification showed a significant effect concerning patients in the fractionated group p <0.0001.  

Balducci et al (2011) described re-calcification in patients with osteolytic lesions due to diverse plasma cell 

neoplasm in 50% and identified as complete remission in 38%. Mose et al (2000) also found a relevant effect in 

concurrent chemotherapy, but no difference in re-calcification in terms of radiation dose probably due to the low 

variability in total doses (30–36 Gy). In summary, available data indicate that higher radiation doses result in 

improved re-calcification. This in accordance with the results achieved in the present study. 

 

On the other hand, radiotherapy offers the advantage of few side effects and therefore is an appropriate palliative 

procedure for treating multiple myeloma (Matuschek et al., 2015). In the current study, the side effect was found to 

be mild (12.5-37.5% according to the location). However, radiotherapy is effective in the treatment of solitary 

plasmacytomas that manifest either as soft tissue disease (extramedullary tumors) or have bone involvement 

(osseous tumors) (Kilciksiz et al., 2008; Krause et al., 2011; Tsang et al., 2001). The availability of new intensity-

modulated radiation treatment (IMRT) techniques such as helical tomotherapy (HT) (Chargari et al., 2009), 3D 

conformal radiotherapy (3DCRT) (Chargari et al., 2012) has enabled specific delivery of radiation to 

plasmacytomas with minimum normal tissue toxicity. The combination of localized fractionated radiotherapy with 

novel chemotherapeutic agents such as thalidomide (Marchand et al., 2008) and bortezomib (Berges et al., 2008) 

has provided good clinical outcomes with reduced radiotoxicity to normal tissues. For systemic diffused myeloma 

disease, hemibody irradiation has been utilized; however, this method is associated with significant toxicity (Biswal, 

2004; Hu and Yahalom, 2000). 

 

Conclusion:- 
Although major advances have been made in the treatment of MM, this disease remains incurable. Myeloma tumors 

are considered to be inherently radiosensitive; thus the importance of radiation therapy as a part of a comprehensive 

treatment approach is expected to provide a clinical benefit in MM protocols. Palliative radiotherapy in plasma cell 

neoplasms mostly results in pain relief without significant toxicity. The current data indicate that higher total doses 
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(30–50 Gy) are associated with improved pain relief. The analgesic effect of radiotherapy in myeloma patients 

appears to be less pronounced younger patients, indirectly indicating that higher radiation doses are especially 

beneficial in these patients. The likelihood of re-calcification after radiotherapy is also increased at higher total 

radiation doses suggesting that higher doses (>36 Gy) should be considered, if re-calcification is thought to be 

mandatory to lower the risk of fracture. Furthermore, modern radiotherapy now offers new methods and techniques 

to deliver high doses of radiation with enhanced anatomical precision to cancerous sites. Targeted radiotherapy 

using monoclonal antibodies conjugated to radionuclides, radiotargeted gene therapy using recombinant oncolytic 

viruses (radiovirotherapy), and bone-seeking radiopharmaceuticals now offer a new paradigm to target this systemic 

malignancy.  

 

Reference:- 
1. Adamietz, I.A., Shöber, C., Schulte, R.W., Peest, D., and Renner, K. (1991): Palliative radiotherapy in 

plasma cell myeloma. Radiother Oncol., 20(2):111–6. doi:10.1016/0167- 8140(91)90144-6 

2. Antoch, G., Stattaus, J., Nemat, A.T., Marnitz, S., Beyer, T., Kuehl, H., Bockisch, A., Debatin, J.F., and 

Freudenberg, L.S. (2003): Non–Small Cell Lung Cancer: Dual-Modality PET/CT in Preoperative Staging. 

Radiology., 229(2): 526-533. 

3. Balducci, M., Chiesa, S., Manfrida, S., Rossi, E., Za, T., Frascino, V., De Bari, B., Hohaus, S., Cellini, F., 

Mantini, G., D'Agostino, G.R., Gambacorta, M.A., Leone, A., Valentini, V., and De Stefano, V. (2011): 

Impact of radiotherapy on pain relief and recalcification in plasma cell neoplasms: long-term experience. 

Strahlenther Onkol., 187(2):114–9. doi: 10.1007/s00066-010-2155-9. Epub 2011 Jan 24. 

4. Berges, O., Decaudin, D., Servois, V., and Kirova, Y.M. (2008): Concurrent radiation therapy and 

bortezomib in myeloma patient. Radiother Oncol., 86(2), 290-292. 

5. Biswal, B.M. (2004) Assessment of the usefulness of hemibody irradiation in painful bone metastasis. J Indian 

Med Assoc., 102(3), 133-134, 136-137. 

6. Bosch, A., and Frias, Z. (1988) Radiotherapy in the treatment of multiple myeloma. Int J Radiat Oncol Biol 

Phys., 15(6):1363–9.doi:10.1016/0360-3016 (88)90232-5 

7. Chargari, C., Hijal, T., Bouscary, D., Caussa, L., Dendale, R., Zefkili, S., Fourquet, A., and Kirova, 

Y.M.(2012): The role of helical tomotherapy in the treatment of bone plasmacytoma. Med Dosim., 37(1):26-30. 

doi: 10.1016/j.meddos.2010.12.009. Epub 2011 Jun 25. 

8. Chargari, C., Kirova, Y.M., Zefkili, S., Caussa, L., Amessis, M., Dendale, R., Campana, F., and Fourquet, 

A. (2009): Solitary plasmocytoma: improvement in critical organs sparing by means of helical tomotherapy. 

Eur J Haematol., 83(1), 66-71. 

9. Coley, W.B. (1931): Multiple myeloma. Ann Surg., 93(1):77–89.doi:10.1097/ 00000658-193101000-00012 

10. Dimopoulos, M.A., Goldstein, J., Fuller, L., Delasalle, K., and Alexanian, R. (1992): Curability of solitary 

bone plasmacytoma. J Clin Oncol., 10(4):587–90. 

11. Durie, B.G. (2006): The role of anatomic and functional staging in myeloma: description of Durie/Salmon plus 

staging system. Eur J Cancer., 42(11):1539–43. 

12. Filippovich, I.V., Sorokina, N.I., Lisbona, A., and Chatal, J-F. (2001): Radiation-induced apoptosis in 

human myeloma cell line increases BCL-2/BAX dimer formation and does not result in BAX/BAX 

homodimerization. Int J Cancer., 92(5):651-60· 

13. Foro Arnalot, P.1., Fontanals, A.V., Galcerán, J.C., Lynd, F., Latiesas, X.S., de Dios, N.R., Castillejo, 

A.R., Bassols, M.L., Galán, J.L., Conejo, I.M., and López, M.A. (2008): Randomized clinical trial with two 

palliative radiotherapy regimens in painful bone metastases: 30 Gy in 10 fractions compared with 8 Gy in single 

fraction. Radiother Oncol., 89(2):150–5. 

14. Green, D.J., Orgun, N.N., Jones, J.C., Hylarides, M.D., Pagel, J.M., Hamlin, D.K., Wilbur, D.S., Lin, Y., 

Fisher, D.R., Kenoyer, A.L., Frayo, S.L., Gopal, A.K., Orozco, J.J., Gooley, T.A., Brent, L., Wood, B.L., 

Bensinger, W.I., and Press, O.W. (2014): A preclinical model of CD38-pretargeted radioimmunotherapy for 

plasma cell malignancies Cancer Res.; 74(4): 1179–1189. doi:10.1158/0008-5472.CAN-13-1589. Cancer Res. 

Author manuscript; available in PMC 2015 February 15. 

15. Hoskin, P.J. (2003): Bisphosphonates and radiation therapy for palliation of metastatic bone disease. Cancer 

Treat Rev., 29)4):321–7. 

16. Hu, K., and Yahalom, J. (2000): Radiotherapy in the management of plasma cell tumors. Oncology (Williston 

Park)., 14(1):101–8. 111; discussion 111–2, 115. 

17. Jordan, K., and Sanger, S. (2006): Empfehlungen zur Bewertung der Tumorremission. In Schmoll, Höffken, 

Possinger (Editors): Kompendium der internistischen Onkologie. Springer Verlag Heidelberg.4. Aufl., Band 

3:p860-865,(ISBN 10 3-540-20657-4). 

http://www.ncbi.nlm.nih.gov/pubmed/14512512
http://www.ncbi.nlm.nih.gov/pubmed/14512512


ISSN: 2320-5407                                                                                    Int. J. Adv. Res. 5(10), 848-857 

856 

 

18. Katodritou, E., Terpos, E., Symeonidis, A.S., Pouli, A., Kelaidi, C., Kyrtsonis, M-C., Kotsopoulou, M., 

Delimpasi, S., Christoforidou, A., Giannakoulas, N., Viniou, N-A., Stefanoudaki, E., Hadjiaggelidou, C., 

Christoulas. D., Verrou, E., Gastari, V., Papadaki, S., Polychronidou, G., Papadopoulou, A., 

Giannopoulou, E., Kastritis, E., Kouraklis, A., Konstantinidou, P., Anagnostopoulos, A., Zervas, K., and 

Dimopoulos, M.A. (2014): Clinical features, outcome, and prognostic factors for survival and evolution to 

multiple myeloma of solitary plasmacytomas: A report of the Greek myeloma study group in 97 patients. Am. J. 

Hematol., 89 (8):803–808. VC 2014 Wiley Periodicals, Inc. 

19. Kearl, T.J., Jing, W., Gershan, J.A., and Johnson, B.D. (2013): PD-1/PD-L1 Blockade after Transient 

Lymphodepletion to Treat Myeloma. J Immunol., 190(11): 5620–5628. doi:10.4049/jimmunol.1202005. J 

Immunol. Author manuscript; available in PMC 2014. 

20. Kilciksiz, S.1., Celik, O.K., Pak, Y., Demiral, A.N., Pehlivan, M., Orhan, O., Tokatli, F., Agaoglu, F., 

Zincircioglu, B., Atasoy, B.M., Ozseker, N., Yersal, O., Niang, U., Haydaroglu, A. and; Turkish Oncology 

Group-Sarcoma Working Party. (2008): Clinical and prognostic features of plasmacytomas: a multicenter 

study of Turkish Oncology Group-Sarcoma Working Party. Am J Hematol., 83(9), 702-707. 

21. Koswig, S., and Budach V. (1999): Remineralization and pain relief in bone metastases after after different 

radiotherapy fractions (10 times 3 Gy vs. 1 time 8 Gy). A prospective study. Strahlenther Onkol., 175(10):500–

8. 

22. Krause, S., Hillengass, J., Goldschmidt, H., Debus, J., and Neuhof, D. (2011): Radiotherapy of soli- tary 

plasmacytoma.  Ann Hematol., 90(9):1093–7.doi:10.1007/s00277-011- 1190-7 

23. Lecouvet, F., Richard, F., Vande Berg, B., Malghem, J., Maldague, B., Jamart, J., Ferrant, A., and 

Michaux, J.L. (1997): Long-term effects of localized spinal radiation therapy on vertebral fractures and focal 

lesions appearance in patients with multiple myeloma. Br J Haematol., 96(7):743–5.doi:10.1046/j.1365-

2141.1997.d01-2108.x 

24. Leigh, B.R., Kurttsm, T.A., Mack, C.F., Matzner, M.B., and Shimm, D.S. (1993): Radiation therapy for the 

palliation of multiple myeloma. Int J Radiat Oncol Biol Phys., 25(5):801–4. doi:10.1016/0360-3016(93)90308-

I. 

25. Lemke, A.J., Niehues, S.M., Hosten, N., Amthauer, H., Boehmig, M., Stroszczynski, C., Rohlfing, T., 

Rosewicz, S., and Felix, R. (2004): Retrospective digital image fusion of multidetector CT and 18F-FDG PET: 

clinical value in pancreatic lesions—a prospective study with 104 patients. J Nucl Med., 45(8): 1279-1286. 

26. Lütje, S., De Rooy, J.W., Croockewit, S., Koedam, E., Oyen, W.J., and Raymakers, R.A. (2009): Role of 

radiography, MRI and FDG-PET/CT in diagnosing, staging and therapeutical evaluation of patients with 

multiple myeloma. Ann Hematol., 88(12):1161–8. 

27. Marchand, V., Decaudin, D., Servois, V., and Kirova, Y.M. (2008): Concurrent radiation therapy and 

lenalidomide in myeloma patient. Radiother Oncol., 87(1), 152-153. 

28. Matuschek, C., Ochtrop, T.A., Bölke, E., Ganswindt, U., Fenk, R., Gripp, S., Kröpil, P., Gerber, P.A., 

Kammers, K., Hamilton, J., Orth, K., and Budach, W. (2015):  Effects of Radiotherapy in the treatment of 

multiple myeloma: a retrospective analysis of a Single Institution.  Radiation Oncology., 10:7. 1DOI 

10.1186/s13014-015-0374-z 

29. Mill, W.B., and Griffith, R. (1980): The role of radiation therapy in the management of plasma cell tumors. 

Cancer., 45:647–52.doi:10.1002/1097-0142 (19800215)45(4): 647-52.  

30. Mose, S., Pfitzner, D., Rahn, A., Nierhoff, C., Schiemann, M., and Böttcher, H.D. (2000): Role of 

radiotherapy in the treatment of multiple myeloma. Strahlenther Onkol., 176(11):506–12. 

31. Norman G. (2010): Likert scales, levels of measurement and the ―laws‖ of statistics. Adv Health Sci Educ 

Theory Pract., 15(5):625–32. 

32. Perez, C.A., and Brady, L.W. (2004): Principles and Practice of Radioation Oncology (ed 4th reviesed 

Edition). New York: Lippincott Wiliams & Wilki,. p. 1053–8. 

33. Reed, V., Shah, J., Medeiros, L.J., Ha, C.S., Mazloom, A., Weber, D.M., Arzu, I.Y., Orlowski, R.Z., 

Thomas, S.K., Shihadeh, F., Alexanian, R., and Dabaja, B.S. (2011): Solitary plasmacytomas: outcome and 

prognostic factors after definitive radiationtherapy. Cancer., 117(19):4468–74.doi:10.1002/cncr.26031 

34. Romano, A., Conticello, C., Cavalli, M., Vetro, C., La Fauci, A., Parrinello, N.L., and Di Raimondo, F. 

(2014): Immunological Dysregulation in Multiple Myeloma Microenvironment. Review Article. Hindawi 

Publishing Corporation BioMed Res Int., 198539, 1-10. http://dx.doi.org/10.1155/2014/198539 

35. Salem, K., and Goel, A. (2012): Enhancing Therapeutic Radiation Responses in Multiple Myeloma In: Modern 

Practices in Radiation Therapy. ―Dr. Gopishankar Natanasabapathi‖ Edit. ISBN 978-953-51-0427-8. Publisher 

In Tech Published online 30, March,2012. Published in print edition March, 2012 

http://dx.doi.org/10.1155/2014/198539


ISSN: 2320-5407                                                                                    Int. J. Adv. Res. 5(10), 848-857 

857 

 

36. Sehgal, T., Sharma, S., Naseem, S., Varma, N., Das, A., and Sharma, S.C. (2014): Synchronous Occurrence 

of Prostate Carcinoma and Multiple Myeloma: A Case Report. Indian J Hematol Blood Transfus, 30(Suppl 1): 

S359–S362. DOI 10.1007/s12288-014-0410-4 

37. Stolting, T., Knauerhase, H., Klautke, G., Kundt, G., and Fietkau, R. (2008): Total and single doses 

influence the effectiveness of radiotherapy in palliative treatment of plasmacytoma. Strahlenther Onkol., 

184(9):465–72. 

38. Talamo, G.,  Dimaio, C.,  Abbi, K.K.,  Pandey, M.K.,  Malysz, J.,  Creer, M.H.,
 
Zhu, J.,

 
 Mir, M.A., 

Varlotto,
 
J.M. (2015): Current Role of Radiation Therapy for Multiple Myeloma. Front Oncol., 5: 40.  

Published online 2015 Feb 18. doi:  10.3389/fonc.2015.00040 PMCID: PMC4332323 

39. Talamo, G., Farooq, U., Zangari, M., Liao, J., Dolloff, N.G., Loughran, T.P. Jr., and Epner, E. (2010): 

Beyond the CRAB symptoms: a study of presenting clinical manifestations of multiple myeloma. Clin 

Lymphoma Myeloma Leuk., 10(6):464–8. doi:10.3816/CLML.2010.n.080 

40. Thumallapally, N., Meshref, A., Mousa, M., and Terjanian, T. (2017): Solitary plasmacytoma: population-

based analysis of survival trends and effect of various treatment modalities in the USA.  BMC Cancer., 

17(1):13.  DOI 10.1186/s12885-016-3015-5. 

41. Tsang, R.W., Gospodarowicz, M.K., Pintilie, M., Bezjak, A., Wells, W., Hodgson, D.C., and Stewart, A.K. 

(2001): Solitary plasmacytoma treated with radiotherapy: impact of tumor size on outcome. Int J Radiat Oncol 

Biol Phys., 50(1), 113-120. 

42. van der Linden, Y.M., Lok, J.J., Steenland, E., Martijn, H., Van Houwelingen, H., Marijnen, C.A., Leer, 

J.W. and; Dutch Bone Metastasis Study Group. (2004): Single fraction radiotherapy is efficacious: a further 

analysis of the Dutch Bone Metastasis Study controlling for the influence of retreatment. Int J Radiat Oncol 

Biol Phys., 59(2):528–37. 

43. van Lammeren-Venema, D., Regelink, J.C., Riphagen, I.I., Zweegman, S., Hoekstra, O.S., and Zijlstra, 

J.M. (2012): ¹⁸F-fluoro-deoxyglucose positron emission tomography in assessment of myeloma-related bone 

disease: a systematic review. Cancer., 118(8):1971-81. doi: 10.1002/cncr.26467. Epub 2011 Sep 1. 

44. Verheij, M. (2008): Clinical biomarkers and imaging for radiotherapy-induced cell death. Cancer Metastasis 

Rev., 27(3):471–80.doi:10.1007/s10555-008-9131-1 

45. Wang, D.C. (1985): Presentation of treatment results according to ‗Reporting Results of Cancer Treatment‘ 

recommended by the World Health Organization (WHO), 1981–long term survival of 1,035 cases of 

nasopharyngeal carcinoma. Zhonghua Zhong Liu Za Zhi., 7(1):58–61. 

46. Xue Liu, Jia Liang, Jun-Hong Li, Qi-Lian Ran, Liang-Sen Liu, Li Jiang, Jian-Xiong Long, Yue-Ming 

Jiang, Zhi-Xiao Wei. (2016): Diagnostic Performance of 18F-FDG PET or PET-CT in Multiple Myeloma: A 

Systematic Review and Meta-analysis . Review Article: J Nucl Med Radiat Ther, 7: 283 DOI: 10.4172/2155-

9619.1000283 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Talamo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25741475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dimaio%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25741475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbi%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=25741475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pandey%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=25741475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malysz%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25741475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Creer%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=25741475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25741475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mir%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=25741475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Varlotto%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=25741475
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4332323/
https://dx.doi.org/10.3389%2Ffonc.2015.00040
https://www.omicsonline.org/open-access/diagnostic-performance-of-18ffdg-pet-or-petct-in-multiple-myeloma-asystematic-review-and-metaanalysis-2155-9619-1000283.php?aid=69967
https://www.omicsonline.org/open-access/diagnostic-performance-of-18ffdg-pet-or-petct-in-multiple-myeloma-asystematic-review-and-metaanalysis-2155-9619-1000283.php?aid=69967
http://dx.doi.org/10.4172/2155-9619.1000283
http://dx.doi.org/10.4172/2155-9619.1000283

	title
	Introduction
	Results
	Discussion
	Conclusion
	Reference

