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Abstract: Multiple myeloma is an incurable malignant tumor of plasma cells of the bone marrow;
most patients present a disseminated disease with important bone involvement. Even though
a chemotherapy-based approach is the major treatment, radiotherapy often has a supportive role for
symptom relief but also a radical role for patients with indolent disease or localized forms. In both
cases imaging is the basis for treatment planning and for correct patient classification. This paper aims
to describe and summarize how radiation oncologists could use imaging information to personalize
the treatment for each patient.
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1. Introduction

Multiple myeloma (MM) is a malignant neoplasm of plasma cells that accumulate in
the bone marrow leading to bone destruction and marrow failure. Its incidence in Europe is
about 1% and represents over 10% of hematologic disease [1]. Although treatment of MM
is mainly chemotherapy-based, radiotherapy (RT) also could be very useful for patients
even if, in the majority of cases, it has a palliative role [2]. It is well known that in MM there
is a complex interaction between MM cells, bone marrow stromal cells and osteoclasts
that lead to an increased bone reabsorption by osteoclasts and reduced bone formation
through suppression of osteoblast function [3]. The direct consequence of this mechanism
is the appearance of osteolytic bone lesions with possible complications and the onset of
symptoms that range from pain, pathologic fractures to spinal compression [3]. Moreover,
considering that in the last decades, systemic therapies have evolved with subsequent
improvement of oncological outcomes and longer survival, RT could contribute to obtaining
local control and symptom relief for a large group of patients [4]. The aim of this paper
is to highlight the role of radiotherapy in multiple myeloma with particular attention to
imaging and modern radiotherapy techniques.

2. Palliative/Consolidation Radiotherapy

Osteolytic lesions are present at diagnosis in about 70-80% of patients, larger osteolytic
lesions are frequently associated with pain and fracture risk. Pathological fractures could
occur in 40% of patients in the first year after diagnosis and 60% of patients during the
disease course [5]. The use of radiotherapy for the treatment of bone lesions could help
reduce or prevent these skeletal-related events and maintain or improve patients” quality of
life [2]. In this setting of patients, the aims of RT are mainly two: obtain pain control and re-
calcification. Antalgic effect could be reached in about 75-90% of patients, obtained during
or immediately after RT and could last for a long period [2,6]. The mechanisms of analgesic
effect from irradiation are not completely understood but it is mainly due to the inhibition
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of pain mediators and to the shrinkage of the tumor. Conversely, recalcification is a long-
term effect that appears after months. Matuscheck et al. [7], in a retrospective analysis of
69 patients, evaluated 108 irradiated lesions for changes in calcification based on pre- and
post-treatment radiographs. The overall recalcification rate was 48% (23 and 25% of lesions
obtained full and partial recalcification, respectively). No change of calcification could be
documented in 42% of the bone lesions, and 10% of the patients developed progression
of osteolytic lesions. The authors detected that higher total RT doses were significantly
associated with better recalcification [7] and indicated an increase from 20 to 30 Gy in total
dose correlates with a 12% higher likelihood of recalcification. This correlation is confirmed
by several other data available in literature, several studies reported that recalcification
was achieved in 40-50% of the irradiated bone destructions [8,9]. The possibility of obtain-
ing recalcification is obviously extremely important as it reduces the risk of fracture or
bone complications. These data are derived in the majority of studies from evaluation of
conventional skeletal radiography but are also confirmed by evaluation of CT imaging.

Low-dose whole-body CT is recommended over conventional skeletal surveys to help
diagnose and stage multiple myeloma bone disease; this last method can be used as well
as whole-body CT or when other novel imaging methods are not available [10]. To date,
a diagnostic CT scan is mandatory for better identification and delineation of a target for
RT treatment, especially for lesions localized in the spine and pelvis more than in long
bones [11]. Moreover, CT imaging is the first choice to identify and assess the extension of
lytic lesions and evaluate possible extraosseous extension in soft tissue. The decision to
treat a patient with RT should also consider the possible risk of pathological fractures or
neurological complications. However, the high-risk lesions should be first stabilized by
orthopedic measures and combined with postoperative radiation treatment to improve
pain and local control.

The CT scan helps identify an impending fracture, for which definition varies accord-
ing to the major anatomical sites (long bones, vertebra or acetabulum), and detect important
factors such as cortical bone destruction, location and extension of lesion, vertebral body
collapse of >50% or transitional deformity that can lead to radiation treatment [12]. In lit-
erature, several scores are described to identify bone metastases at high risk of injury
and the majority are based on radiographic imaging and clinical factors [13,14]. Recently,
a simple scoring method specific for MM has been introduced; this method, called the
Myeloma Spine and Bone Damage Score (MSBDS) was developed with the final aim to
provide a semiquantitative tool to evaluate the status of bone damage and risk of fracture
and instability on a standard total-body CT used in the routine practice of MM centers.
The total score range from 0 to >10, where a value > 10 identifies high risk lesions that
need immediate surgical or radiation oncologist consultation, a score > 5-10 medium risk
lesions for possible instability or pathologic fracture and a score < 5 low risk lesions [15].

In the case of a suspected neurological complication, the best radiological method is
MRI especially if the involvement of soft tissue is present [16]. MRI helps discriminate
myeloma from normal marrow and differentiate between myeloma and benign causes of
vertebral fracture [17]. MRI is of extreme importance in the cases of patients with vertebral
fracture and no other signs of disease or lytic lesions, to evaluate a painful lesion, mainly in
the axial skeleton, or preferably in the evaluation of collapsed vertebrae, especially when
myeloma is not active, where the possibility of osteoporotic fracture is high [16]. Moreover,
MRI is very useful for detecting spinal cord compression: this severe clinical condition
can occur in 10% to 20% of patients with MM and the most commonly involved site is the
dorsal spine, followed by the lumbar and sacral regions [18]. In this last clinical scenario,
RT has an established role both after decompressive surgery and on its own; we have to
keep in mind that MM presents a high radiosensitivity, so good results are also obtained in
these emergencies with RT alone.

Rades et al. [19] retrospectively analyzed the data of 237 patients with motor deficits
of the lower extremities for spinal cord compression from vertebral body myeloma that
did not undergo upfront surgery but were treated with RT alone. The authors reported
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an excellent response rate (97%), with 88% of the patients walking after RT and 64% that
regained the ability to walk. The overall local control rates were 93, 82, and 82% at 1, 2, and
3 years, respectively [19].

Regarding radiation dose, it is suggested that for epidural disease with spinal cord
compression, a higher total dose should be prescribed when durable local control is desired
compared to radiotherapy with an antalgic role. The International Lymphoma Radiation
Oncology Group guidelines suggest a hypofractionated regimen with a total dose of 8 to
30 Gy for symptom relief, with a recommendation to use a single fraction of 8 Gy in patients
with poor prognosis but a dose of 30 Gy in 10 fraction in case of spinal cord involvement [4].

3. Stereotactic Body Radiotherapy (SBRT)

Stereotactic body radiotherapy (SBRT) is a technique that allows the delivery of an ab-
lative radiation dose in a few fractions up to a single fraction in stereotactic radiosurgery
(SRS), with concomitant sparing of normal tissues [20]. SBRT is not yet a standard treat-
ment in MM, but in selected patients might be a promising opportunity that should be
investigated in clinical trials. To date, few data on SBRT /SRS in MM are available in the
literature. Jin R et al. reported the outcomes of 24 patients with epidural spinal cord
compression treated with SRS on 31 lesions. Median single fraction radiation dose was
16 Gy (range: 10—18 Gy), administered to the involved spine including the epidural or
paraspinal tumor. With a median follow up of 11.2 months, overall pain control rate was
86%; complete and partial relief were obtained in 54 and 32% of the patients, respectively.
Complete radiographic response of the epidural tumor was noted in 81% at 3 months
after radiosurgery. Authors reported extremity weakness and sensory deficits in 7 patients,
of which 5 made complete neurological recoveries in 1—6 months [21].

Miller et al. instead, reported a series of 56 lesions in 38 MM patients treated with
spine SRS; the primary endpoint was pain relief and secondary endpoints were incidences
of radiographic failure and vertebral fracture. Epidural disease, pre-existing vertebral
fracture, thecal sac compression and neural foraminal involvement were present in 77,
63, 55 and 48% of treatment sites, respectively. Moreover, 30% of treated sites were
previously irradiated. The median prescription dose was 14 Gy (range 10-24 Gy) in
a single fraction (range: 1-4). Vertebral fracture occurred following 12 treatments (21%),
with an 18% cumulative incidence of fracture at 6 and 12 months. Two patients (4%)
developed pain flare following spine SRS. A rapid and durable symptomatic response
was observed, with a median time to pain relief of 1.6 months. This response was durable
among 85% of patients at 12 months following treatment, with 91% local control [22].
The critical issue of SBRT /SRS is the risk of fracture that may be related to the collapse
of bone into the tumor cavity after ablation. The literature data on patients with solid
tumors reported a rate of vertebral fracture after SBRT, closer to 14% [23,24] compared
to 3% for conventional radiotherapy [25]; in particular, patients with lytic tumors, spinal
misalignment and baseline fracture seemed at a higher risk to develop a vertebral fracture.
The other critical point of this kind of treatment is that safe delivery of RT is imperative to
avoid irreversible neurological sequelae; from this point of view, the advances in treatment
planning, immobilization, and treatment delivery have been relevant. If a spinal SBRT is
proposed, MRI is highly recommended. After the acquisition of a planned CT scan, T1
and T2 weighted MRI sequences are fused to delineate target and critical structures [26].
The guidelines for definition of target volumes in patients receiving upfront SRS were
published in 2012 by International Spine Radiosurgery Consortium Consensus [26] and
updated for the postoperative setting in 2017 [27]. These guidelines are not specific for
MM disease but are general indications for target delineation of all malignant metastases
to the spine. Patient immobilization, and a pretreatment image-guided radiotherapy
(IGRT) like a cone-beam CT or a MVCT as pretreatment verification, are mandatory to
allow for interfraction reproducibility, minimize planning target volumes, sculpt dose
to intended targets, and avoid neurologic toxicities. We underline that SBRT/SRS in
patients with MM is not yet a standard of care and might be investigated in the context
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of a clinical trial, especially in highly selected situations such as re-irradiation. Response
evaluation after spinal SBRT /SRS is a dark spot because RECIST criteria are not easy to
apply. A first report from the SPIne response assessment in Neuro-Oncology (SPINO) group
was published in 2015 and recognized MRI as the main method for the optimal response
assessment [28]. This report takes into consideration the so-called pseudoprogression (PP),
defined as a treatment-related tumor growth that simulates progression of disease [29].
This phenomenon is similar to that described for brain radiosurgery, lung or liver SBRT,
but data on osseous PP are limited. The first report in literature on PP was published
by Al Omair et al. in 2013 for 2 patients that presented increased pain at 2 and 3 years
after SBRT; the treated sites appeared larger at MRI but the subsequent biopsy revealed
necrotic or inflammatory tissue [30]. PP is not rare with reported incidence of 14%-18%
in different series and, in general, with an early detection after a few months from SRS
(3.5-5 months) [31,32]. The most common findings at MRI are increased T2 signal intensity
combined with dark signal intensity changes on both morphologic and fluid-sensitive
sequences and stable or decreased tumor volume [33].

4. Radical Radiotherapy

Radiotherapy has a radical role in solitary plasmacytoma (SP), as it is a localized
accumulation of neoplastic plasma cell without systemic involvement [4]. According to
the location, SPs could be divided into solitary bone plasmacytoma (SPb) and solitary
extramedullary plasmacytoma (SPe) [34]. The latter is less common (about 20-30% of SP
diagnosis) and can occur in any organ and tissue but about 80% arise in the head and neck
region. In this situation, RT is the mainstay of treatment; in fact, patients who received RT
have a lower rate of local relapse than those who did not receive it, with an excellent local
control rate of 79-91% that translates into long remission and even cure [35].

To date the optimal dose of RT is still not established, but some retrospective data
have indicated to tailor the dose according to the size of the disease and ILROG guidelines
suggest a total dose of 35-40 Gy in case of SPb extending less than 5 cm and 40 to 50 Gy for
SPb > 5 cm or SPe [4].

In these sets of patients, it is essential to start with the correct assessment of the disease
staging, both local and systemic, because it can radically change the therapeutic approach.
CT scan remains the basis for RT planning, but it is strongly suggested before RT to perform
MRI and 18 FDG PET/CT [36].

MRl is indispensable for head and neck lesions to investigate the local spread of disease
and its possible infiltration of the nearest structures; it can help with target delineation
both of primary tumor and regional nodes. SPe diagnosed in the head and neck region can
present an involvement of 25% of regional nodes [37], and if positive nodes are detected
they have to be included in CTV, while prophylactic node irradiation seems to be not useful
unless there is clinical evidence of a high risk nodal involvement such as bulky disease,
according to ILROG panel consensus [38].

Another imaging method that is mandatory in SP is 18 FDG PET/CT (International
Myeloma working group guidelines), as it is highly sensitive for detecting myeloma de-
posits. Some data show that it can reveal additional lesions in about 30% of patients
compared to MRI [39]. For radiation oncologists, it can be crucial at baseline to detect
disease at a nodal level to impact target delineation; moreover, it is essential in the eval-
uation of the response to treatment and for the follow up of patients across years. With
regard to the first point, PET/CT is able to differentiate between metabolically active and
nonactive disease, some data suggest that PET-CT demonstrated a prompt normalization
of imaging findings in patients with good or complete clinical response to therapy that
is faster than those of MRI, so it is very useful for patients in which post-treatment MRI
remains positive [40].

To conclude in SP from a radiation point of view, MRI and PET/CT offer complemen-
tary information and guarantee a precise evaluation of the disease; they can be helpful first
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in the definition of GTV if fusion with planning CT is feasible and also in the follow up of
patients.

Another setting in which radiotherapy continues to have an important role is in
patients undergoing hematopoietic cell transplantation; in fact, RT in the form of total
body irradiation, continues to be an important part of the conditioning regimen with
chemotherapy. Technological innovation has allowed more precise radiation therapy
delivery and a dose escalation in the sites considered to be at a higher risk. In MM
this is translated in irradiation of all skeletal bones with a technique called total marrow
irradiation. In this setting imaging is of particular importance; especially PET/CT could
guide the radiation oncologist to identify the target to boost with increased doses before
hematopoietic cell transplantation or in patients with relapsed or progressive disease [41].

5. Conclusions

Radiotherapy is crucial in the management of patients with multiple myeloma in
a palliative and in a radical setting. Information from the different imaging modalities
help the radiation oncologist to correctly stage the patient, to put indications for radiation
treatment, to identify target volumes and to evaluate the response to treatment. Different
imaging modalities widely used today such as MRI and CT give the radiation oncologist
complementary information to tailor RT.

Author Contributions: L.B. wrote the paper and reviewed the final manuscript. S.V.,, A.T. and R.C.:
review and editing of final manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Moreau, P.; Miguel, ].S.; Sonneveld, P.; Mateos, M.V.; Zamagni, E.; Avet-Loiseau, H.; Hajek, R.; Dimopoulos, M.A.; Ludwig, H.;
Einsele, H.; et al. Multiple myeloma: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol.
2017, 28, iv52-iv61. [CrossRef] [PubMed]

Talamo, G.; DiMaio, C.; Abbi, KK.S.; Pandey, M.K.; Malysz, J.; Creer, M.H.; Zhu, J.; Mir, M.A.; Varlotto, ].M. Current Role of
Radiation Therapy for Multiple Myeloma. Front. Oncol. 2015, 5. [CrossRef] [PubMed]

Bingham, N.; Reale, A.; Spencer, A. An Evidence-Based Approach to Myeloma Bone Disease. Curr. Hematol. Malig. Rep. 2017, 12,
109-118. [CrossRef] [PubMed]

Tsang, R.; Campbell, B.A.; Goda, ].S.; Kelsey, C.R.; Kirova, Y.M.; Parikh, R.R.; Ng, A.K,; Ricardi, U.; Suh, C.-O.; Mauch, PM.; et al.
Radiation Therapy for Solitary Plasmacytoma and Multiple Myeloma: Guidelines From the International Lymphoma Radiation
Oncology Group. Int. J. Radiat. Oncol. Biol. Phys. 2018, 101, 794-808. [CrossRef] [PubMed]

Melton, L.J.; Kyle, R.A.; Achenbach, S.J.; Oberg, A.L.; Rajkumar, S.V. Fracture Risk with Multiple Myeloma: A Population-Based
Study. J. Bone Miner. Res. 2005, 20, 487-493. [CrossRef] [PubMed]

Rasch, S.; Lund, T.; Asmussen, J.; Nielsen, A.L.; Larsen, R.F; Andersen, M.&.; Abildgaard, N. Multiple Myeloma Associated Bone
Disease. Cancers 2020, 12, 2113. [CrossRef] [PubMed]

Matuschek, C.; Ochtrop, T.A.; Bolke, E.; Ganswindt, U.; Fenk, R.; Gripp, S.; Kropil, P; Gerber, P.A.; Kammers, K.; Hamilton, J.; et al.
Effects of Radiotherapy in the treatment of multiple myeloma: A retrospective analysis of a Single Institution. Radiat. Oncol. 2015,
10, 71. [CrossRef]

Balducci, M.; Chiesa, S.; Manfrida, S.; Rossi, E.; Za, T.; Frascino, V.; De Bari, B.; Hohaus, S.; Cellini, F; Mantini, G.; et al. Impact of
Radiotherapy on Pain Relief and Recalcification in Plasma Cell Neoplasms: Long-term Experience. Strahlenther. Onkol. 2011, 187,
114-119. [CrossRef]

Mose, S.; Pfitzner, D.; Rahn, A.; Nierhoff, C.; Schiemann, M.; Bottcher, H.D. Role of radiotherapy in the treatment of multiple
myeloma. Strahlenther. Onkol. 2000, 176, 506-512. [CrossRef]


http://dx.doi.org/10.1093/annonc/mdx096
http://www.ncbi.nlm.nih.gov/pubmed/28453614
http://dx.doi.org/10.3389/fonc.2015.00040
http://www.ncbi.nlm.nih.gov/pubmed/25741475
http://dx.doi.org/10.1007/s11899-017-0370-5
http://www.ncbi.nlm.nih.gov/pubmed/28243849
http://dx.doi.org/10.1016/j.ijrobp.2018.05.009
http://www.ncbi.nlm.nih.gov/pubmed/29976492
http://dx.doi.org/10.1359/JBMR.041131
http://www.ncbi.nlm.nih.gov/pubmed/15746994
http://dx.doi.org/10.3390/cancers12082113
http://www.ncbi.nlm.nih.gov/pubmed/32751464
http://dx.doi.org/10.1186/s13014-015-0374-z
http://dx.doi.org/10.1007/s00066-010-2155-9
http://dx.doi.org/10.1007/PL00002317

Medicina 2021, 57, 20 60f7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Hillengass, J.; Usmani, S.; Rajkumar, S.V.; Durie, B.G.M.; Mateos, M.-V.; Lonial, S.; Joao, C.; Anderson, K.C.; Garcia-Sanz, R.; Riva,
E.; et al. International myeloma working group consensus recommendations on imaging in monoclonal plasma cell disorders.
Lancet Oncol. 2019, 20, €302-e312. [CrossRef]

Caers, J.; Garderet, L.; Kortiim, K.M.; O’'Dwyer, M.; Van De Donk, N.W.; Binder, M.; Dold, S.M.; Gay, F,; Corre, J.; Beguin, Y.; et al.
European Myeloma Network recommendations on tools for the diagnosis and monitoring of multiple myeloma: What to use and
when. Haematologica 2018, 103, 1772-1784. [CrossRef] [PubMed]

Piccioli, A.; Spinelli, M.S.; Maccauro, G. Impending fracture: A difficult diagnosis. Injury 2014, 45, S138-5141. [CrossRef]
[PubMed]

Mirels, H. Metastatic Disease in Long Bones: A Proposed Scoring System for Diagnosing Impending Pathologic Fractures, 1989.
Clin. Orthop. Relat. Res. 2003, 415, 54-S13. [CrossRef] [PubMed]

Harrington, K.D. New trends in the management of lower extremity metastases. Clin. Orthop. Relat. Res. 1982, 169, 53-61.
[CrossRef]

Tagliafico, A.; Belgioia, L.; Bonsignore, A.; Signori, A.; Formica, M.; Rossi, F; Piana, M.; Schenone, D.; Dominietto, A. Development
and definition of a simplified scoring system in patients with multiple myeloma undergoing stem cells transplantation on standard
computed tomography: Myeloma spine and bone damage score (MSBDS). Cancer Imaging 2020, 20. [CrossRef] [PubMed]
Dimopoulos, M.-A.; Hillengass, J.; Usmani, S.; Zamagni, Z.; Lentzsch, S.; Davies, FE.; Raje, N.; Sezer, O.; Zweegman, S.; Shah, J.;
et al. Role of Magnetic Resonance Imaging in the Management of Patients with Multiple Myeloma: A Consensus Statement. J.
Clin. Oncol. 2015, 33, 657-664. [CrossRef]

Baur, A.; Stdbler, A.; Briining, R.; Bartl, R.; Krodel, A.; Reiser, M.; Deimling, M. Diffusion-weighted MR imaging of bone marrow:
Differentiation of benign versus pathologic compression fractures. Radiology 1998, 207, 349-356. [CrossRef]

Bladé, J.; Rosifiol, L. Complications of Multiple Myeloma. Hematol. Oncol. Clin. N. Am. 2007, 21, 1231-1246. [CrossRef]

Rades, D.; Conde-Moreno, A.; Cacicedo, J.; Segedin, B.; Rudat, V.; Schild, S.E. Excellent outcomes after radiotherapy alone for
malignant spinal cord compression from myeloma. Radiol. Oncol. 2016, 50, 337-340. [CrossRef]

Sahgal, A.; Roberge, D.; Schellenberg, D.; Purdie, T.; Swaminath, A.; Pantarotto, J.; Filion, E.; Gabos, Z.; Butler, J.; Letourneau, D.;
et al. The Canadian Association of Radiation Oncology Scope of Practice Guidelines for Lung, Liver and Spine Stereotactic Body
Radiotherapy. Clin. Oncol. 2012, 24, 629-639. [CrossRef]

Jin, R.; Rock, J.; Jin, J.-Y.; Janakiraman, N.; Kim, ].H.; Movsas, B.; Ryu, S. Single fraction spine radiosurgery for myeloma epidural
spi-nal cord compression. . Exp. Ther. Oncol. 2009, 8, 35-41. [PubMed]

Miller, J.A.; Balagamwala, E.H.; Chao, S.T.; Emch, T.; Suh, ] H.; Djemil, T.; Angelov, L. Spine stereotactic radiosurgery for the
treatment of multiple myeloma. J. Neurosurg. Spine 2017, 26, 282-290. [CrossRef] [PubMed]

Sahgal, A.; Atenafu, E.G.; Chao, S.; Al-Omair, A.; Boehling, N.; Balagamwala, E.H.; Cunha, M.; Thibault, I.; Angelov, L.; Brown, P;
et al. Vertebral Compression Fracture After Spine Stereotactic Body Radiotherapy: A Multi-Institutional Analysis with a Focus on
Radiation Dose and the Spinal Instability Neoplastic Score. J. Clin. Oncol. 2013, 31, 3426-3431. [CrossRef] [PubMed]

Rose, PS.; Laufer, I; Boland, PJ.; Hanover, A.; Bilsky, M.H.; Yamada, J.; Lis, E. Risk of Fracture After Single Fraction Image-Guided
Intensity-Modulated Radiation Therapy to Spinal Metastases. J. Clin. Oncol. 2009, 27, 5075-5079. [CrossRef] [PubMed]

Chow, E.; Harris, K; Fan, G.; Tsao, M.; Sze, W.M. Palliative Radiotherapy Trials for Bone Metastases: A Systematic Review. J. Clin.
Oncol. 2007, 25, 1423-1436. [CrossRef] [PubMed]

Cox, B.W.; Spratt, D.E.; Lovelock, M.; Bilsky, M.H.; Lis, E.; Ryu, S.; Sheehan, J.; Gerszten, P.C.; Chang, E.; Gibbs, L; et al.
International spine radiosurgery consortium consensus guidelines for target volume definition in spinal stereotactic radiosurgery.
Int. J. Radiat. Oncol. Biol. Phys. 2012, 83, e597-e605. [CrossRef] [PubMed]

Redmond, KJ,; Lo, S.S.; Soltys, 5.G.; Yamada, Y.; Barani, L].; Brown, PD.; Chang, E.L.; Gerszten, P.C.; Chao, S.T.; Amdur, R]; et al.
Consensus guidelines for postoperative stereotactic body radiation therapy for spinal metastases: Results of an international
survey. |. Neurosurg. Spine 2017, 26, 299-306. [CrossRef]

Thibault, I.; Chang, E.L.; Sheehan, J.; Ahluwalia, M.S.; Guckenberger, M.; Sohn, M.-].; Ryu, S.; Foote, M.; Lo, S.S.; Muacevic,
A.; et al. Response assessment after stereotactic body radiotherapy for spinal metastasis: A report from the SPIne response
assessment in Neuro-Oncology (SPINO) group. Lancet Oncol. 2015, 16, e595-e603. [CrossRef]

Junior, L.C.H.D.C.; Rodriguez, I.; Domingues, R.; Gasparetto, E.; Sorensen, A. Pseudoprogression and Pseudoresponse: Imaging
Challenges in the Assessment of Posttreatment Glioma. Am. J. Neuroradiol. 2011, 32, 1978-1985. [CrossRef]

Al-Omair, A.; Smith, R.; Kiehl, T.-R.; Lao, L.; Yu, E.; Massicotte, E.M.; Keith, J.; Fehlings, M.G.; Sahgal, A. Radiation-induced
vertebral compression fracture following spine stereotactic radiosurgery: Clinicopathological correlation. J. Neurosurg. Spine 2013,
18, 430-435. [CrossRef]

Amini, B.; Beaman, C.B.; Madewell, ].E.; Allen, PK.; Rhines, L.D.; Tatsui, C.E.; Tannir, N.M.; Li, J.; Brown, P.D.; Ghia, A.]. Osseous
Pseudoprogression in Vertebral Bodies Treated with Stereotactic Radiosurgery: A Secondary Analysis of Prospective Phase I/II
Clinical Trials. Am. J. Neuroradiol. 2016, 37, 387-392. [CrossRef] [PubMed]

Bahig, H.; Simard, D.; Létourneau, L.; Wong, P.; Roberge, D.; Filion, E.; Donath, D.; Sahgal, A.; Masucci, G.L. A Study of
Pseudoprogression after Spine Stereotactic Body Radiation Therapy. Int. |. Radiat. Oncol. Biol. Phys. 2016, 96, 848-856. [CrossRef]
[PubMed]

Hwang, YJ.; Sohn, M.-].; Lee, B.H.; Kim, S.Y,; Seo, ] W.; Han, Y.H.; Lee, J.Y.; Cha, S.J.; Kim, Y.H. Radiosurgery for Metastatic Spinal
Tumors: Follow-Up MR Findings. AJNR Am. ]. Neuroradiol. 2012, 33, 382-387. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S1470-2045(19)30309-2
http://dx.doi.org/10.3324/haematol.2018.189159
http://www.ncbi.nlm.nih.gov/pubmed/30171031
http://dx.doi.org/10.1016/j.injury.2014.10.038
http://www.ncbi.nlm.nih.gov/pubmed/25457334
http://dx.doi.org/10.1097/01.blo.0000093045.56370.dd
http://www.ncbi.nlm.nih.gov/pubmed/14600587
http://dx.doi.org/10.1097/00003086-198209000-00008
http://dx.doi.org/10.1186/s40644-020-00306-1
http://www.ncbi.nlm.nih.gov/pubmed/32345379
http://dx.doi.org/10.1200/JCO.2014.57.9961
http://dx.doi.org/10.1148/radiology.207.2.9577479
http://dx.doi.org/10.1016/j.hoc.2007.08.006
http://dx.doi.org/10.1515/raon-2016-0029
http://dx.doi.org/10.1016/j.clon.2012.04.006
http://www.ncbi.nlm.nih.gov/pubmed/19827269
http://dx.doi.org/10.3171/2016.8.SPINE16412
http://www.ncbi.nlm.nih.gov/pubmed/27791828
http://dx.doi.org/10.1200/JCO.2013.50.1411
http://www.ncbi.nlm.nih.gov/pubmed/23960179
http://dx.doi.org/10.1200/JCO.2008.19.3508
http://www.ncbi.nlm.nih.gov/pubmed/19738130
http://dx.doi.org/10.1200/JCO.2006.09.5281
http://www.ncbi.nlm.nih.gov/pubmed/17416863
http://dx.doi.org/10.1016/j.ijrobp.2012.03.009
http://www.ncbi.nlm.nih.gov/pubmed/22608954
http://dx.doi.org/10.3171/2016.8.SPINE16121
http://dx.doi.org/10.1016/S1470-2045(15)00166-7
http://dx.doi.org/10.3174/ajnr.a2397
http://dx.doi.org/10.3171/2013.2.SPINE12739
http://dx.doi.org/10.3174/ajnr.A4528
http://www.ncbi.nlm.nih.gov/pubmed/26494690
http://dx.doi.org/10.1016/j.ijrobp.2016.07.034
http://www.ncbi.nlm.nih.gov/pubmed/27788956
http://dx.doi.org/10.3174/ajnr.A2760
http://www.ncbi.nlm.nih.gov/pubmed/22033723

Medicina 2021, 57, 20 70f7

34.

35.

36.

37.

38.

39.

40.

41.

Thumallapally, N.; Meshref, A.; Mousa, M.; Terjanian, T. Solitary plasmacytoma: Population-based analysis of survival trends
and effect of various treatment modalities in the USA. BMC Cancer 2017, 17, 13. [CrossRef]

Kumar, S.K.; Callander, N.S.; Alsina, M.; Atanackovic, D.; Biermann, J.S.; Castillo, J.; Chandler, J.C.; Costello, C.; Faiman, M.;
Fung, H.C.; et al. NCCN Guidelines Insights: Multiple Myeloma, Version 3.2018. J. Natl. Compr. Cancer Netw. 2018, 16, 11-20.
[CrossRef]

Cavo, M.; Terpos, E.; Nanni, C.; Moreau, P.; Lentzsch, S.; Zweegman, S.; Hillengass, J.; Engelhardt, M.; Usmani, S.Z.; Vesole,
D.H.; et al. Role of 18F-FDG PET/CT in the diagnosis and management of multiple myeloma and other plasma cell disorders: A
consensus statement by the International Myeloma Working Group. Lancet Oncol. 2017, 18, e206—e217. [CrossRef]

Zhu, Q.; Zou, X,; Rui, Y;; Jiang, R.; Zhang, M.-X,; Liu, Y.; Qian, C.-N.; Mai, H.-Q.; Hong, M.-H.; Guo, L.; et al. Establishment of an
innovative staging system for extramedullary plasmacytoma. BMC Cancer 2016, 16, 777. [CrossRef]

Specht, L.; Yahalom, ].; Illidge, T.; Berthelsen, A K.; Constine, L.S.; Eich, H.T.; Girinsky, T.; Hoppe, R.T.; Mauch, P.; Mikhaeel,
N.G,; et al. Modern Radiation Therapy for Hodgkin Lymphoma: Field and Dose Guidelines From the International Lymphoma
Radjiation Oncology Group (ILROG). Int. ]. Radiat. Oncol. Biol. Phys. 2014, 89, 854-862. [CrossRef]

Even-Sapir, E.; Mishani, E.; Flusser, G.; Metser, U. 18F-Fluoride Positron Emission Tomography and Positron Emission Tomogra-
phy/Computed Tomography. Semin. Nucl. Med. 2007, 37, 462—469. [CrossRef]

Spinnato, P; Bazzocchi, A ; Brioli, A.; Nanni, C.; Zamagni, Z.; Albisinni, U.; Cavo, M.; Fanti, S.; Battista, G.; Salizzoni, E. Contrast
enhanced MRI and 18F-FDG PET-CT in the assessment of multiple myeloma: A comparison of results in different phases of the
disease. Eur. |. Radiol. 2012, 81, 4013-4018. [CrossRef]

Wong, ].Y.C.; Rosenthal, J.; Liu, A.; Schultheiss, T.; Forman, S.; Somlo, G. Image-Guided Total-Marrow Irradiation Using Helical
Tomotherapy in Patients With Multiple Myeloma and Acute Leukemia Undergoing Hematopoietic Cell Transplantation. Int. .
Radiat. Oncol. Biol. Phys. 2009, 73, 273-279. [CrossRef] [PubMed]


http://dx.doi.org/10.1186/s12885-016-3015-5
http://dx.doi.org/10.6004/jnccn.2018.0002
http://dx.doi.org/10.1016/S1470-2045(17)30189-4
http://dx.doi.org/10.1186/s12885-016-2824-x
http://dx.doi.org/10.1016/j.ijrobp.2013.05.005
http://dx.doi.org/10.1053/j.semnuclmed.2007.07.002
http://dx.doi.org/10.1016/j.ejrad.2012.06.028
http://dx.doi.org/10.1016/j.ijrobp.2008.04.071
http://www.ncbi.nlm.nih.gov/pubmed/18786784

	Introduction 
	Palliative/Consolidation Radiotherapy 
	Stereotactic Body Radiotherapy (SBRT) 
	Radical Radiotherapy 
	Conclusions 
	References

