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Objective : Although radiotherapy (RT) is recommended for multiple myeloma (MM) involving spine, the treatment of choice
between reconstructive surgery with RT and RT alone for pathologic vertebral fractures (PVFs) associated with structural instability
or neurologic compromises remains controversial. The purpose of this study was to evaluate the clinical efficacies of reconstructive
surgery with adjuvant RT for treatment of MM with PVFs by comparing with matched cohorts treated with RT alone.

Methods : Twenty-eight patients underwent reconstructive surgery followed by RT between 2008 and 2015 in a single institution,
for management of PVFs associated with structural instability of the spine and/or neurologic compromises (group ). Twenty-
eight patients were treated with RT alone (group Il) after propensity score matching in a 1-to-1 format based on instability of the
spine, as well as age and performance. Clinical outcomes including the overall survival rates, duration of independent ambulation,
neurological status, and numeric rating scale (NRS) for back pain were compared.

Results : Clinical and radiological features before treatment were similar in both groups. The median survival period was similar
between the two groups. However, the mean duration of independent ambulation was significantly longer in group | (88.8 months;
95% confidence interval [Cl], 66.0-111.5) than in group Il (39.4 months; 95% Cl, 25.2-53.6) (log rank test; p=0.022). Deterioration of
Frankel grade (21.4% vs. 60.7%, p=0.024) and NRS for back pain (2.7£2.2 vs. 5.0+2.7, p=0.000) at the last follow-up were higher in
the group Il. Treatment-related complications were similar in both groups.

Conclusion : In patients with unstable PVFs due to MM, reconstructive surgery may vyield superior clinical outcomes compared
with RT alone in maintaining independent ambulation and neurological status, as well as pain control despite similar median
survival and complications.
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INTRODUCTION

Multiple myeloma (MM) is a hematological malignancy in
which malignant plasma cells accumulate in the bone marrow
and secrete monoclonal immunoglobulin”. MM is unique
among hematological malignancies involving musculoskeletal
system at the time of initial diagnosis™. Spine is the most af-
flicted skeletal lesion and pathologic vertebral fractures
(PVFEs) were diagnosed radiologically in 48% of 1027 patients
with MM,

Although chemotherapy is the mainstay of treatment for
MM, radiotherapy (RT) or surgery may play an important role
in cases of intractable back pain or spinal cord compression re-
sulting from spine involvement>*"*'****Y First, RT rather
than surgical treatment is recommended because of acceptable
radiosensitivity, especially for patients with MM in poor health

3,12,16,18,20,22,27,31,32,34) EVen

condition such as renal failure or anemia
in PVFs, cement augmentation is considered as minimally in-
vasive and effective treatment, because reconstructive surgery is
associated with a higher rate of complications™*'"*'****#*,
Reconstructive surgical interventions are needed in a few
cases with structural instability or neurologic compromis-
es”"™. However, few studies have investigated the role of re-
constructive surgery due to the rarity of disease™”*"*". There-
fore, the purpose of this study is to assess the clinical efficacy
of reconstructive surgery with adjuvant RT for PVFs associat-
ed with significant structural instability or neurologic com-
promises in patients with MM, by comparing with matched

cohorts treated with RT alone.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board
of Seoul St. Mary’s Hospital, College of Medicine, The Catholic
University of Korea (approval No. KC17DDDEO0117). A clinical
and radiological database (2008 to 2015) was retrospectively re-

viewed at a single tertiary institution.

Study population

Twenty-eight patients who underwent reconstructive surgery
followed by RT for PVFs with structural instability or neuro-
logic compromises were included as group I (surgery+RT

group). Vertebral fractures with significant structural instabili-
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ty and/or progressive deterioration of neurologic deficits were
indicated for reconstructive surgery. Structural instability of
the spine was assessed with radiologic findings such as location
and spinal alignment, collapse and osteolysis of vertebral body
or spine instability neoplastic score (SINS). SINS value higher
than 7 could be considered as significant instability. In the
same period (2008 to 2015), a total of 257 patients were treated
with RT for MM involving spine. PVFs were found in 119 pa-
tients (46.3%) and 28 patients were manually matched 1 to 1
using propensity score and included as group II (RT alone
group). For propensity score matching, age, Eastern Coopera-
tive Oncology Group-performance status (ECOG-PS) and
SINS to evaluate spinal instability were used after multivariate
regression analysis (Fig. 1). Patients without PVFs and patients
with concurrent pelvis or hip joint involvement affecting inde-

pendent ambulation were excluded.

Evaluation and treatment

All patients were diagnosed with MM via bone marrow bi-
opsy histologically and or treated with standard chemothera-
pies. Spine involvement was confirmed clinically based on
symptoms including back pain and neurologic deficit, and ra-
diologically via plain radiography, computed tomography
(CT), magnetic resonance imaging (MRI) or positron-emit-
ting tomography-computed tomography.

Medical treatments including chemotherapy regimens and
peripheral blood stem cell transplantation (PBSCT) were de-
termined based on same criteria in both groups. RT was ad-
ministered to all patients using the TomoTherapy” Hi-ART"
Treatment System (Accuray”, Sunnyvale, CA, USA) based on
CT simulation before the treatment. The median 20 Gy
(range, 15—45) was delivered in 10 fractions during 2 weeks,
and the total dose was set according to patient’s functional
status.

The surgical indications included spinal instability con-
firmed with definite radiologic findings or SINS greater than
6, and/or neurologic impairment due to cord compres-
sion”"™". However, decision for reconstructive surgeries was
determined via a multidisciplinary approach by a team of or-
thopedic surgeons, hemato-oncologists, and radiation oncolo-
gists. Above all, permissible patients’ conditions without re-
quiring urgent or essential medical treatments to sustain life
were mandatory for reconstructive surgery. As the objective of

reconstructive surgery was to maintain the structure of the
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Patients treated with radiotherapy (RT)
for spine involvement of multiple myeloma (MM)
(n=257)

* Spine involvement without pathologic fractures
* Dependent ambulation due to pelvis and hip joint
involvement among spinal MM patients
(n=138)

Pathologic vertebral fractures
(n=119)

Reconstructive surgery with adjuvant RT

RT alone

(group 1, n=28)

(n=91)

*Age

Propensity score matched cohort (group Il, n=28)

* Performance status (ECOG-PS)
* Spinal instability neoplastic score (SINS)

Fig. 1. Flow chart of patients included in the propensity score-matched cohort study. ECOG : Eastern Cooperative Oncology Group.

spinal column and neurological status, the basic strategy en-
tailed posterior instrumented fusion with decompression and
an additional anterior support was used in patients with se-

vere vertebral body collapse.

Radiological, neurological and clinical param-
eters

Clinical features of MM including the time from diagnosis
to treatment, the International Staging System for MM (ISS),
and PBSCT at the time of treatment of PVFs were recorded””.
Overall survival and independent risk factors for survival were
evaluated. Symptoms correlating with the radiological mea-
surements were pooled and analyzed in cases involving multi-
ple vertebral segments. PVFs were confirmed radiologically by
both radiologists and orthopedic surgeons'”. Radiological
measurements included elements of instability on plain radio-
graphs and CT, and paravertebral mass formation, epidural
spinal cord compression (ESCC) on MRI™".

Neurological status including Frankel grade at baseline and
last follow-up, and duration of independence ambulation, was
assessed. Patients who were able to walk two or more steps

with or without the use of an assistive device and less than

grade 3 in ECOG-PS were considered independent ambulato-
ry*”. Bowel dysfunction was associated with constipation, loss
of sphincter control, whereas urinary retention was recorded
as bladder dysfunction. Clinical outcomes included perfor-
mance status such as ECOG-PS and Karnofsky performance
score (KPS), and numeric rating scale (NRS) for back pain at
baseline and last follow-up. Treatment-related complications
were also assessed along with surgical intervention and RT.
Radiological and clinical parameters were assessed before and
after the treatment. Patients had regular follow-up assess-

ments every 2—3 months until the end of the study or death.

Statistical analyses

Continuous variables, presented as the means and standard
deviations, were compared using the Student’s t-test or the
Wilcoxon rank sum test. Categorical variables were compared
using Fisher’s exact test or Pearson’s chi-square test, depend-
ing on the sample size. The variable with p<0.10 in the uni-
variate analysis was included in multivariate analysis using lo-
gistic regression test. Cumulative survival rate and median
survival of independent ambulation were analyzed using Ka-

plan-Meier survivorship analysis with log-rank test. Statistical
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analyses were carried out using the SPSS software (IBM SPSS
Statistics for Windows, version 24.0; IBM Corp., Armonk, NY,
USA) with a statistical significance of 0.05.

RESULTS

Patient demographics

Clinical presentations and radiological findings of a total of
56 study patients at the time of treatment of PVFs are summa-
rized in Table 1. Although multiple level involvement was sig-
nificantly lower in group I than in group II (46.4% vs. 78.6%,
p=0.013), other parameters were similar in both groups. Limit
of motion (76.8%) was the most common clinical presentation
followed by axial pain (55.3%) and neurologic deficit (53.6%).
Multiple level involvement, paravertebral mass, and ESCC
grade >1 were found in more than 60% of patients.

Patient demographics and clinical features of the two study
groups are shown in Table 2. Before the treatment, baseline
disease characteristics including ISS stage, and rate of PBSCT,
chemotherapy and mean radiation dose were similar. Thoracic

and thoracolumbar junctions were most frequently involved

in both groups. Mean SINS was not significantly different be-
tween the two groups (group I, 11.0£1.8; group II, 10.1£1.9),
suggesting potential instability of the spinal column in both
groups because total SINS scores of 7 to 12 are considered po-
tentially unstable". Twenty patients underwent decompres-
sion with posterior instrumentation. Two patients underwent
reconstruction with plate fixation after anterior corpectomy
and six patients underwent combined anterior and posterior
interventions via anterior corpectomy with mesh-type cages
and posterior decompression with instrumentation (Fig. 2).
Seven patients treated with percutaneous vertebroplasty in

group II were excluded after propensity score matching.

Neurological and clinical outcomes

The median survival time of all patients was 46.1 months.
Patients in group I survived 69.0 months compared with 32.7
months in group II without statistical significance (p=0.146).
In multivariate analysis, the only independent factor affecting
survival was ECOG-PS (>3) at the last follow-up (odds ratio
[OR], 9.8; 95% confidence interval [CI], 4.1-23.6; p<0.01).
Mean duration of independent ambulation was also longer in
group I (88.8 months; 95% CI, 66.0—111.5) than in group II

Table 1. Clinical presentations and radiologic findings of multiple myeloma at the time of treatment for pathologic vertebral fracture (n=56)

Group |

Group Il

Variable (surgery-+RT, n=28) (RT alone, n=28) p-value Total patients
Clinical presentation
Limit of motion 23 (82.1) 20 (71.4) 0.342 43 (76.8)
Axial pain 16 (57.1) 15 (53.6) 0.788 31(55.3)
Neurologic deficit 18 (64.3) 12 (42.9) 0.108 30 (53.6)
Radiculopathy 9(32.1) 6(214) 0.365 15 (26.8)
Radiologic finding
Multiple level involvement 13 (46.4) 22 (78.6) 0.013 35(62.5)
Paravertebral mass 19 (67.9) 15 (53.6) 0.274 34 (60.7)
De novo deformity (kyphosis) 18 (64.3) 12 (42.9) 0.108 30 (53.6)
Epidural spinal cord compression 0.758
0 4(14.3) 4(14.3) 8(14.3)
la 1(3.6) 3(10.7) 4(7.2)
b 3(10.7) 3(10.7) 6 (10.7)
ile 3(10.7) 2(7.1) 5(89)
2 11(39.3) 9(32.1) 20 (35.7)
3 6(21.4) 7 (25.0) 13(23.2)

Values are presented as number (%). RT : radiotherapy
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Table 2. Patient demographics and clinical features of multiple myeloma with pathologic vertebral fractures

Variable Group | (surgery+RT, n=28) Group Il (RT alone, n=28) p-value
Age 60.2+7.2 61.2+10.1 0.682
Gender, M : F 16:12 19:09 0.584
Time from diagnosis to treatment 1044177 1844280 0.206
Newly diagnosed MM 20 (71.4) 15 (53.6) 0.168
Relapsed MM 8(28.6) 13 (46.4) 0.168
ISS stages 0.379

1 10 (35.7) 7 (25.0)

2 10 (35.7) 8 (28.6)

3 8(28.6) 13 (46.4)
PBSCT 11(39.3) 12 (42.9) 0.786
CTX before diagnosis of PVF 11 (39.3) 16 (57.1) 0.285
CTX after diagnosis of PVF 24.(85.7) 26 (92.9) 0.699
Radiation dose (Gy) 21.7£7.5 244+7.3 0.183
Involved level 1.000

Cervical 2(7.0) 2(7.0)

CT junction 3(10.7) 3(10.7)

Thoracic 11 (39.3) 14 (50.0)

T-L junction 11(39.3) 5(179)

Lumbar 1(3.6) 4(14.3)
SINS 11.0£1.8 10.1£19 0.143
Type of surgery -

Posterior only 20 (71.4)

Anterior only 2(77)

Anterior-posterior combined 6(21.5)

Vertebroplasty 0(0.0)

Values are presented as mean+standard deviation or number (%) unless otherwise indicated. RT : radiotherapy, M : male, F : female, MM : multiple
myeloma, ISS : The International Staging System for multiple myeloma, PBSCT : peripheral blood stem cell transplantation, CTX : chemotherapy, PVF :
pathologic vertebral fracture, GT : cervico-thoracic, T-L : thoracolumbar, SINS : spine instability neoplastic score

5

Fig. 2. A 72-year-old female patient undergoing reconstructive surgery for pathologic vertebral fracture due to multiple myeloma. A : Preoperative
radiograph and (B) magnetic resonance imaging reveal a C4 pathologic fracture (de novo kyphosis) with epidural extension. C : Postoperative
radiograph revealing anterior corpectomy with plate fixation and laminectomy with posterior screw fixation.
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(39.4 months; 95% CI, 25.2-53.6) (log rank test; p=0.022) (Fig.
3). Similar neurological status was found in 15 patients be-
longing to group I and 14 patients in group II remained. Al-
though both group manifested similar improvement of Fran-
kel grade, the rate of deterioration in Frankel grade was
significantly lower in group I than in group II (8.1% vs. 28.6%,
P=0.036). Moreover, bowel/bladder dysfunction at the last fol-
low-up was significantly lower in group I than in group II
(17.9% vs. 46.4%, p=0.022) (Table 3).

Independent ambulatory periods
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Months after treatment for pathologic vertebral fracture

Fig. 3. Cumulative rates of independent ambulation in the two groups.
RT : radiotherapy.

Table 3. Changes of neurologic status between the two groups

Although initial ECOG-PS and KPS values were similar in
both groups, KPS at last follow-up was significantly greater in
group I than in group II (74.3%%16.4% vs. 60.0%124.0%,
p=0.028). In addition, NRS for back pain at last follow-up was
lower in group I than in group II (2.7£2.1 vs. 5.0+2.2,
p=0.0001) despite similar initial NRS. The rate of treatment-
related complications was similar in both groups. In group I,
four patients suffered from surgery-related wound complica-
tions (including wound infection in two cases and wound de-
hiscence and seroma in one case). In group 11, three patients
had RT-related complications including pleural effusion in

two patients and tumor lysis syndrome in one patient (Table 4).

DISCUSSION

MM cells stimulate osteoclastogenesis and inhibit osteo-
blastogenesis in areas adjacent to tumor leading to osteolytic
bone resorption”******. With increasing survival of MM pa-
tients due to advances in medical treatments, the prevalence
of morbidity and mortality due to musculoskeletal injury will
be critical in the treatment of MM™****”. Especially, it is es-
sential to effectively manage MM with spinal involvement in
order to prevent permanent disability and improve quality of
life (QOL) during treatment™".

Because of its radio-sensitivity, RT also plays an important

Group | (surgery+RT, n=28)

Group Il (RT alone, n=28)

Parameter Frankel grade (last) Frankel grade (last) p-value
A B C D E A B C D E

Frankel grade (Initial)

A 1 1 1

B 1 1 1

C 2 1

D 6 6 2 2 5

E 2 8 2 4 10
Mﬁgﬂfﬁstio” of independent ambulation 88.8 (66.0-1115) 304 (25.2-536) 0022
Improvement of Frankel grade 11 (39.3) 6214 0.146
Deterioration of Frankel grade 2(8.1) 8(28.6) 0.036
Bowel/bladder dysfunction 5(17.9) 13 (46.4) 0.022

Values are presented as mean (95% confidence interval) or number (%). RT : radiotherapy
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role in palliation of symptoms and prophylaxis against local

20-22,
), However,

recurrence during the treatment of spinal MM
surgical intervention is recommended for patients with spinal
instability and neurological deficits due to compressive le-
sion®**". Clinical efficacies of reconstructive surgery com-
bined with RT for spinal MM have yet to be established. The
aim of this study was to compare the clinical efficacies of re-
constructive surgery with RT and RT alone, focusing on PVFs
and in similar cohorts based on propensity score matching
despite retrospective comparative study.

The most common clinical presentation was attributed to
mechanical instability such as limitation of motion (76.8%)
and axial pain (55.3%) during treatment for PVFs. Combined
neurologic deficits and radiculopathy were found in 53.6%
and 26.8% of patients, respectively. Radiological findings re-
vealed both spinal deformity such as kyphosis (53.6%) and
cord compression including ESCC grade 2 or 3 (58.9%). The
PVFs in spinal MM was characterized by both mechanical in-
stability and neural compression.

In this study, patients in group I survived longer than 36.3

months compared with those in group II, but the difference

Surgery for Unstable PVFs in MM | Park HY, et al.

was not statistically significant (69.0 vs. 32.7 months, p=0.146)
The only independent factor affecting survival was good per-
formance status at the last follow-up. Several studies have re-
ported that surgical intervention played an adjunct role in pre-
venting gross spinal deformity or neurologic deficits, without
improving survival rate in the treatment of MM>*"*"¥, Howev-
er, recent studies emphasized the effect of surgical interventions
on functional status and disease prognosis as well as survival,
although the effect on improved survival has yet to be estab-
lished™”""*". Therefore, further studies are needed to evaluate
the effect of surgery on survival, considering the small number
of included cohorts and the low value of p-value in this study.
The mean duration of independent ambulation was also
longer in group I than in group II (88.8 vs. 39.4 months,
p=0.022). Further, the deterioration of Frankel grade and
bowel/bladder dysfunction were significantly lower in group I
than in group II (8.1% vs. 28.6% for deterioration; 17.9% vs.
46.4% for dysfunction). Direct decompression in surgical in-
tervention might be related to better neurological function
compared with RT alone. In the case of epidural mass causing

neurologic deficit, it is difficult to administer high levels of RT

Table 4. Clinical outcomes including treatment-related complications between the two groups

Variable Group | (surgery+RT, n=28) Group Il (RT alone, n=28) p-value
Initial ECOG-PS

0-2 22 (78.6) 24 (85.7) 0485

3-4 6(214) 4(14.3)
Last ECOG-PS

0-2 23 (82.1) 18 (64.3) 0.131

3-4 5(179) 10 (35.7)
Initial KPS 73.2+170 79.6+16.9 0.162
Last KPS 74.3£16.4 60.0+24.0 0.028
Initial NRS (back) 6.4+1.3 6.0£2.3 0.556
Last NRS (back) 2.7%2.1] 50+£2.2 0.0001
Treatment-related complications 1.000

Pleural effusion 0(0.0) 2(71)

Tumor lysis syndrome 0(0.0) 1(3.6)

Wound infection 2(70) 0(0.0)

Wound dehiscence 1(3.6) 0(0.0)

Wound seroma 1(3.6) 0(0.0)

Total 4(14.3) 3(10.7)

Values are presented as mean+standard deviation or number (%). RT : radiotherapy, ECOG-PS : Eastern Cooperative Oncology Group-performance sta-

tus, KPS : Karnofsky performance score, NRS : numeric rating scale
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because of the spinal cord nearby. In this regard, local recur-
rence and nerve compression have been reported to be not
easily controlled by RT alone™.

Unstable spine due to PVFs might also be associated with
long-term outcomes'™**. SINS in both groups suggested po-
tentially unstable spine, and all patients in group I and
matched cohorts in group II manifested potentially unstable
or unstable lesions'". Several studies have recommended the
use of vertebroplasty or kyphoplasty for osteolytic lesion™*"**"
However, in case of obvious mechanical instability, recon-
structive surgery should be considered to preserve long-term

"9 In our

mechanical stability and neural decompression
study, seven patients treated with vertebroplasty in group II
were not included after propensity score matching based on
SINS. Therefore, the stability of the spinal column prevents
the development of kyphosis with subsequent cord compres-
sion, and result in superior outcomes in patients who under-
went reconstructive surgery. Furthermore, adjuvant RT is also
important to eradicate the residual MM cells and reduce the
local recurrence after the surgery”’.

Although initial NRS values for back pain were similar in
both groups, NRS at last follow-up was significantly lower in
group I than in group II (2.7 vs. 5.0 points), which was consis-
tent with a previous report suggesting that RT might not be
useful in controlling pain, because MM is usually related to
structural damage during the majority of the time'”. Similarly,
treatment of spine with could negatively impact bone marrow
function, and does not prevent progressive osteolytic collapse
or alleviate concurrent back pain®. Treatment-related compli-
cations were similar in both groups. Interestingly, four patients
in group I reported surgery-related wound complications and
three patients in group II had RT-related complications. Sur-
gery-related complications were resolved with wound care un-
der local anesthesia and intravenous antibiotics. RT-related
complications were also resolved via medical treatments, in-
cluding diuretics and pigtail catheter insertion for pleural effu-
sion and hydration for tumor lysis syndrome.

This study has some limitations. First, the multidisciplinary
approach based on surgical treatment via reconstructive sur-
gery for PVFs in MM was not based on validated and uniform
surgical indication. Therefore, we designed the propensity
score matched study to ensure similar baseline characteristics
such as age and ECOG-PS, and spinal instability as SINS to

minimize the selection bias. Moreover, medical treatments in-
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cluding chemotherapy regimens and RT protocols were com-
pletely same in both groups. Second, this is a retrospective
study with relatively small number of cohorts due to the rarity
of reconstructive surgery for spinal MM. The heterogeneity of
spine levels and surgical approaches used is also a limitation.
Third, a longitudinal evaluation of radiological findings was
not conducted in this study. Because progressive mechanical
instability and neural compression is a key pathological mech-
anism for PVFs in MM, a prospective study with longitudinal
evaluation would have been helpful in delineating the mecha-
nism. Finally, spine stereotactic radiosurgery has been report-
ed to deliver highly conformal radiation effectively to MM
while minimizing the dose to the spinal cord compared to
conventional RT*”. However, the impact of radiosurgery on
spinal MM was not evaluated in this study. In the near future,
multi-center, prospective studies with an adequate number of
cohorts are needed to elucidate the appropriate treatment op-
tions depending on the type of surgery, including radiosur-
gery with minimally invasive surgery such as percutaneous
fixation or vertebroplasty”.

Despite these limitations, to the best of our knowledge, this
study is the first matched cohort study comparing reconstruc-
tive surgery with RT and RT alone for PVFs from spinal MM.
The primary treatment goal for metastatic spine tumors is
maintenance or improvement of QOL". Therefore, this study
demonstrated clear advantages in maintaining spinal stability
and neurologic function in reconstructive surgery compared
with RT alone for unstable PVFs. These findings could facili-
tate decision-making by physicians and surgeons considering

reconstructive surgery for patients with spinal MM.

CONCLUSION

This study revealed that survival rates of MM patients with
PVFEs were similar between the reconstructive surgery with
adjunctive RT and RT alone. However, reconstructive surgery
ensured maintenance of independent ambulation and neuro-
logical status, and pain control compared with RT alone with
similar complications. Therefore, reconstructive surgery with
RT for unstable PVFs due to spinal MM is a considerable op-
tion for patients with better performance status and longer life
expectancy in order to maintain QOL, namely “walking and

living their life”.
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