New paradigm for radiation in multiple myeloma:
lower yet effective dose to avoid radiation toxicity

Plasmacytomas are local tumor deposits of multiple
myeloma (MM) that can cause focal symptoms including
nerve compression, pain, and fracture. Although systemic
therapy is the primary treatment for MM, focal radiation
therapy (RT) can provide effective palliation of sympto-
matic plasmacytomas.'” However, RT can also cause irre-
versible bone marrow fibrosis and myelosuppression,
particularly at doses greater than 30 Gy.” Adequate bone
marrow reserve is essential for receipt of systemic thera-
py and stem cell transplantation. Focal RT must be used
in a way that is mindful of the overall dose to the bone
Marrow.

The optimal RT dose and fractionation for MM is not
clearly established, as existing data were collected from
small numbers of patients and the ranges of doses used
were limited. Hematologic tumors are radiosensitive and
lower doses are expected to produce effective palliation.
Several studies have shown palliation from RT doses as
low as 8-15 Gy’ However, for patients with spinal
myeloma causing cord compression, hypofractionated
treatments have been found to be inferior for maintain-
ing or restoring ambulation.” Existing data are conflicting
regarding the optimal radiation dose but suggest that
dose escalation is warranted in some situations. Over the
last decade, our practice has been to reduce the dose for
palliation of MM. The radiation fields that we use in our
practice have evolved to become more aligned with
“involved site radiation therapy” as defined by the
International Lymphoma Radiation Oncology Group
(ILROG).” We undertook this study to understand pallia-
tive radiation treatment patterns in a large cohort of
patients with MM and to investigate the relationship
between radiation dose and local disease control.

We identified all patients aged =18 years with a diagno-
sis of MM who were treated with RT from 1999 through
2017. Charts were reviewed for age, site of disease, radi-
ation dose, and number of radiation fractions. The bio-
logically effective dose (BED) was calculated assuming an
a/B of 10 for tumors.® A treatment site was defined as a
site encompassed by a single radiation field. Reirradiation
was defined as treatment at a later date with an overlap
of the prescription dose of the new treatment with the
prescription dose of the prior treatment. Among patients
who received spinal RT, we identified those treatments
for which magnetic resonance imaging (or positron emis-
sion tomography/computed tomography) of the target
lesion had been performed no more than 60 days before
RT and at any point after RT. Maximum standard uptake
values, Bilsky score,” and paraspinal extent were meas-
ured. Local failure was defined as any evidence of radi-
ographic progression within the radiation field on images
obtained after treatment. All statistical analyses were
done with SPSS (version 22.0, Armonk, NY, USA).
Disease-related outcomes were evaluated using the
Kaplan-Meier method. Cox proportional hazards testing
was used for univariate analyses while multivariable Cox
proportional hazards regression models were generated
to analyze the effects of multiple variables of interest on
disease-related outcomes. All tests were two-sided, with
an o of 0.05 as the threshold for statistical significance.

Patient and treatment characteristics are outlined in
Table 1. A total of 772 patients given treatment to 1,513
sites were identified. The median follow-up time was
65.6 months after completion of RT. The most common
ly treated site was the spine (39.4%, n=596); 55.9% of

Table 1. Patient and treatment characteristics.

ariable Value

Patients, n. 772
Median age at time of RT, years (range) 63 (46-89)
Treated sites, n. (%) 1513
Spine 596 (39.4)
Long bone 315 (20.8)
Other 602 (39.8)
Treated sites per patient, n. (%)
1 431 (55.9)
2 175 (22.7)
3 76 (9.8)
4 37 (4.8)
5 22 (2.8)
>5 31 (4.0)
Dose and fractionation, n. (%)
20 Gy in 8 fractions 135 (8.9)
20 Gy in 10 fractions 413 (27.3)
24 Gy in 12 fractions 209 (13.8)
25 Gy in 10 fractions 277 (18.3)
30 Gy in 10 fractions 46 (3.0)
Other 433 (28.6)
BED, Gy (%)
<20 73 (4.8)
20-25 650 (43.0)
25-30 310 (20.5)
30-40 414 (274)
>40 66 (4.4)
Fractions (%)
<5 38 (2.5)
5-9 361 (23.9)
10 756 (50.0)
>10 358 (23.6)
Median follow-up, months (range) 65.6 (.03-204)
Overall survival
Median (months) 259
1 year (%) 66.5
3 year (%) 42.0
5 year (%) 33.5

RT: radiation therapy; BED: biologically effective dose.

patients (n=431) were given treatment to a single site,
22.9% (175) were given treatment to two sites and
21.4% (n=166) were given treatment to three or more
sites. The maximum number of treated sites in a single
patient was 18. The most common dose and fractiona-
tion schemes were 2 Gy x 10 (n=413, 27.3%; BED=24
Gymw), 2 Gy x 12 (n=209, 13.8%; BED=28.8 Gyw), 2.5 Gy
x 8 (n=135, 8.9%; BED=25 Gyw), and 2.5 Gy x 10
(n=277, 18.3%;, BED=31.25 Gywu). Only 46 sites (3%)
were treated with 3 Gy x 10 (BED=39 Gyu). The median
BED was 28.8 Gy (range, 7.5-60.0 Gyw). Most patients
received a regimen involving five or more fractions
(n=1,475, 98.5%).

Of the 1,513 sites treated, 39 underwent reirradiation
(2.6%). The most common reasons for reirradiation were
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persistent pain (n=35, 90%) and radiographic progression
(n=31, 80%). Analyses to identify dosimetric predictors
of reirradiation [RT dose, number of fractions, dose per
fraction, and BED (= or > 28 Gy, the population medi-
an)] revealed a small but statistically-significant increase
in reirradiation rates for BED =28 Gy (3.25% vs. 1.83%;
P=0.02); hazard ratio 6.16 (Table 2). The median overall
survival time after completion of the first course of RT
was 25.6 months and 1-, 3-, and 5-year rates were
66.5%, 42.0%, and 33.5%, respectively.

Since the spine is an important location in which local
progression might lead to grave functional disability, we
assessed radiographic local control for 82 treated spinal
lesions for which magnetic resonance imaging or
positron emission tomography/computed tomography
scans of the target lesion were available both before and
after RT. Most patients (n=56, 68%) had evidence of
epidural extension (Bilsky score =1) and most had
paraspinal extension (n=40, 60%). For the 82 spinal
lesions treated, the most common RT regimens were 2
Gy x 10 (n=22, 26.8%; BED=24 Gyu) and 2 Gy x 12
(n=19, 23.2%; BED=28.8 Gyuw). Of note, only four of the
82 sites were treated with a total cumulative dose of 30
Gy or higher. Local radiographic failure, defined as failure
occurring at least partially within the radiation field, was
observed for ten treated sites (12.2%). Local control rates
were 86.3% at 2 years and 75.0% at 5 years. Univariate
analysis to identify tumor and treatment characteristics
able to predict local failure indicated significant associa-
tions between local failure and both tumor Bilsky score
and paraspinal thickness (Table 3). Sites with a Bilsky
score of 3 had a substantially higher local failure rate than
sites with a Bilsky score of 0-2 (hazard ratio=7.14;
P=0.01). Axial paraspinal extension when treated as a
continuous variable was also associated with an
increased risk of failure (hazard ratio=1.98; P=0.02), with
a notable increase in risk for paraspinal extension greater
than 5 mm.

The influence of radiation dose on bone marrow fibro-
sis was reported on by Casanassima et al., who used mag-
netic resonance imaging to examine changes in
adipocytes in treated marrow as a surrogate of marrow
recovery after irradiation.’ They found that doses below
30 Gy given in 2-Gy fractions (BED 36 Gy) were associ-
ated with a high probability of marrow recovery, where-
as recovery after doses of >36 Gy (BED =43.2 Gyw) was
rare. Our retrospective analysis shows a low rate of reir-
radiation in MM patients despite radiation dose reduc-
tion. Overall, reirradation was rare at 2.6%, with the
majority of patients receiving doses of 20-25 Gy. Long-
term survival following RT and multiple courses of RT
were common, highlighting the importance of dose
reduction to reduce long-term toxicity. Spinal tumors
with cord compression or paraspinal extension were
associated with an increased risk of local relapse and may
warrant dose escalation. Our results are of particular rel-
evance for clinical practice since appropriate radiation
dose reduction is expected to spare marrow toxicity in
this population of patients.

The ILROG recently published guidelines on the use of
RT in MM and recommends doses of 8 Gy in one frac-
tion, 20 Gy in five fractions, or 20-30 Gy in 10 to 20 frac-
tions, for palliation of painful osseous plasmacytomas.” A
dose of 30 Gy in 10-15 fractions is recommended for
bulky masses or spinal cord compression when durable
control is desired. Our findings are largely consistent
with this recommendation; however, we would empha-
size that 30 Gy in ten fractions, a dose commonly used in
palliative radiation, is unnecessary for uncomplicated

Table 2. Predictors of retreatment.

ariahle HR (95% CI) P
Total dose (continuous) 0.32 (0.08-1.27) 0.11
BED (= or > 28 Gy) 6.16 (1.41-1.27) <0.01
Dose per fraction (continuous) 1.45 (0.59-3.55) 041

Number of fractions (continuous)  1.24 (0.44-3.51) 0.69

HR: hazard ratio; 95% CI: 95% confidence interval; BED: biologically effective dose.

Table 3. Predictors of local treatment failure in the spine.

BED (= or > 28 Gy) 0.99 (0.87-1.13) 0.68
Bilsky score 3 (us. Bilsky score 0-2) 7.14 (1.61-33.3) 0.01
Paraspinal axial thickness 1.98 (1.14-3.44) 0.02
(continuous)

Paraspinal cranio-caudal extent
(continuous)

Change in SUV (continuous) 0.95 (0.63—1.43) 0.81

HR: hazard ratio; 95% CI: 95% confidence interval; BED: biologically effective dose;
SUV, standardized uptake value.

1.11 (0.99-1.26) 0.08

painful osseous plasmacytomas not causing local com-
pression. Our study and others have shown a total dose
of 20 Gy given in 2-2.5 Gy daily fractions provides
durable pain relief, can minimize marrow fibrosis (partic-
ularly for the large subset of patients requiring treatment
to multiple bony sites), and is low enough that effective
salvage reirradiation can be delivered safely without con-
cern for significant reirradiation-related toxicity in most
parts of the body."

Our study has numerous limitations. It is a retrospec-
tive analysis spanning a long period of time with a het-
erogenous patient population. As systemic therapies
have improved, local control and reirradiation rates fol-
lowing radiation could have been affected. However the
impact of systemic therapy is difficult to tease out in such
a large cohort of patients, particularly as radiation is often
used as a supportive measure after patients have received
multiple lines of systemic therapy. Our data show a low
rate of reirradiation even in patients treated with low-
dose radiation, and as systemic therapies continue to
improve, we expect that reduction of radiation dose will
continue to be effective and minimization of chronic tox-
icities will become even more critical.

In conclusion, we report here a large number of
patients treated with radiation at a single institution for
plasmacytoma over a period of nearly two decades. We
found that for the majority of patients, reirradation was
rare, the rate being 2.6%. Dose escalation to a BED of at
least 28 Gy is recommended when durable local control
is desired. We hope that these findings are useful for
practitioners caring for patients with MM and sympto-
matic plasmacytoma.
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