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Effect of Systemic Therapies on Outcomes following
Vertebroplasty among Patients with Multiple Myeloma

X R.J. McDonald, X J.S. McDonald, X D.F. Kallmes, X V.T. Lehman, X F.E. Diehn, X J.T. Wald, X K.R. Thielen, X A. Dispenzieri,
and X P.H. Luetmer

ABSTRACT

BACKGROUND AND PURPOSE: The role of vertebroplasty in patients with myeloma remains relatively undefined. Accordingly, we
sought to better define the efficacy of vertebroplasty for myeloma-associated fractures and determine the effect of procedure timing
relative to the initiation of systemic therapy on outcomes and complication rates.

MATERIALS AND METHODS: Clinical, laboratory, and medication data were retrieved for 172 patients with multiple myeloma treated
with vertebroplasty since October 2000. Quantitative outcome data (Roland-Morris Disability Questionnaire [scale, 0 –24] and the
Numeric Rating Scale [0 –10] for pain at rest and with activity) were collected immediately pre- and postoperatively and at 1 week, 1 month,
6 months, and 1 year following vertebroplasty. Patients with �50% improvement on the Numeric Rating Scale and �40% improvement on
the Roland-Morris Disability Questionnaire were classified as “responders.” Peri- and postoperative complications were also collected.

RESULTS: Significant median improvement in the Roland-Morris Disability and rest and activity Numeric Rating Scale scores (15, 2, and 6
points, respectively; P � .0001) persisted at 1 year without significant change from the immediate postoperative scores (P � .36). Patients
on systemic therapy at the time of vertebroplasty were more likely to achieve “responder status,” compared with patients not on systemic
therapy, for the Numeric Rating Scale pain at rest score (P � .01) and the Roland-Morris Disability Questionnaire score (P � .003), with no
difference in complication rates (�2 � 0.17, P � .68).

CONCLUSIONS: Vertebroplasty is an effective therapy for patients with myeloma with symptomatic compression fractures. Favorable
outcomes are more likely to be achieved when spinal augmentation is performed after systemic therapy is initiated. Complication rates
were not affected by the timing of systemic therapy.

ABBREVIATIONS: IQR � interquartile range; NRS � Numeric Rating Scale; RDQ � Roland-Morris Disability Questionnaire

For the past 20 years, vertebroplasty has been shown to be an

effective treatment for symptomatic vertebral compression

fractures refractory to medical therapy.1,2 Although recent evi-

dence suggests that the pain reduction derived from this proce-

dure may not be attributable to the injection of the cement itself,

the data are clear that vertebroplasty recipients experience dura-

ble improvement in mobility and reduced narcotic use that persist

for months to years following therapy.3 Although patients with

osteoporosis comprise most vertebroplasty recipients in the

United States, traumatic and pathologic fractures have also

been treated with percutaneous spinal augmentation.4-6

Among pathologic fracture etiologies, multiple myeloma is one of

the more common indications for intervention. Patients with my-

eloma are particularly prone to pathologic vertebral compression

fractures due to systemic osteoporosis from cytokine-mediated

imbalance of osteoclast and osteoblast function and systemic cor-

ticosteroid therapy.6

Although a large body of evidence exists demonstrating the

efficacy of vertebroplasty among patients with benign osteopo-

rotic vertebral compression fractures, the data in support of its use

in the treatment of pathologic fractures among patients with mul-

tiple myeloma remain limited. In part, data from patients with

myeloma are limited due to their reduced survival time, clinical

uncertainty with respect to improvement in pain in the setting of

diffuse disease, uncertainty as to when to treat, and a higher

threshold of treatment criteria for patients with diffuse disease. In

contradistinction to patients with benign compression fractures,

patients with myeloma are often on multidrug systemic therapy
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and may have hematologic derangements related to their disease

and/or treatment. These factors may confound outcomes and po-

tentially render patients with myeloma more predisposed to ad-

verse events.

The purpose of this study was to better define the efficacy of

vertebroplasty for myeloma-associated fractures and determine

the effect of procedure timing relative to the initiation of systemic

chemotherapy and the extent of disease on outcomes and compli-

cation rates.

MATERIALS AND METHODS
Study Design and Population
Design and execution of this single-center retrospective study

were approved by our institutional review board and complied

with Health Insurance Portability and Accountability Act privacy

guidelines. Patients were included in this study if they met the

following 3 criteria: 1) They had an established diagnosis of mul-

tiple myeloma or myeloma-related disease (plasmacytoma or

plasma cell proliferative disease) within 30 days of spine augmen-

tation, 2) demonstrated MR imaging evidence of a vertebral com-

pression fracture, and 3) were evaluated and subsequently under-

went percutaneous vertebroplasty at our medical center. Patients

who underwent ablation during their augmentation, lacked ra-

diographic evidence of compression fracture, experienced im-

provement in clinical pain syndrome with conservative manage-

ment, had technical contraindications to vertebroplasty, or had

noncorrelating pain were excluded from enrollment in our longi-

tudinal vertebroplasty patient data base Although rarely treated in

our practice, large symptomatic lytic lesions without radiographic

evidence of vertebral body fracture were not included in this study

cohort. Among patients who underwent multiple vertebroplasty

procedures across time, data were limited to the first vertebro-

plasty procedure to mitigate potential confounding effects of re-

current fractures on treatment outcomes. Approximately 40% of

patients in this study were included in a previous publication that

did not specifically examine the effects of systemic therapy timing

on outcomes.6

Clinical Evaluation
Multiple myeloma or myeloma-related disease was diagnosed by

using standard clinical, laboratory, and imaging criteria.7 In pa-

tients with multiple fractures, clinical assessment of painful spinal

levels included collection of clinical history, physical examina-

tion, and imaging. Clinical findings of pain on palpation or im-

aging evidence of intervertebral marrow edema with MR imaging

or both were used to guide treatment-level selection.

Radiologic Evaluation
Radiographic evaluation of myeloma-related fractures consisted

primarily of MR imaging supplemented with CT and/or bone

radiographs. MR imaging examinations of patients meeting all

inclusion and exclusion criteria were re-evaluated by 5 neurora-

diologists (V.T.L., F.E.D., J.T.W., K.R.T., P.H.L.) with 3, 6, 19, 19,

and 24 years of respective experience who were blinded to clinical

data and patient outcomes. MR imaging studies included appro-

priate spin-echo enhancement and inversion recovery suppres-

sion techniques to increase the conspicuity of malignant fractures

and ascertain the extent of spinal disease.

MR Imaging Classification of Spinal Lesions and
Involvement
In an effort to characterize vertebroplasty-treated compression

fractures in the myeloma population, preoperative MR images of

treated fractures were grouped into 3 categories, as previously

described6: Type 1 compression fractures had no MR imaging

evidence of myeloma involvement and were classified by using the

following morphologies: normal-appearing fatty marrow in some

portion of the vertebral body with no evidence of pedicle involve-

ment or epidural or paraspinal disease; and/or absence of focal or

diffusely abnormal marrow signal intensity within the treated ver-

tebral body. Type 2 compression fractures were considered inde-

terminate for underlying myelomatous disease and were classified

by diffusely low T1 marrow signal intensity of the treated vertebral

body and absence of paraspinal disease. Type 3 compression frac-

tures had definitive MR imaging evidence of myelomatous disease

within the vertebral body with additional involvement of the

pedicles, paraspinal tissue, and/or epidural tissue. The appearance

of adjacent marrow remote from the treated vertebrae had no

impact on fracture characterization.

The extent of myelomatous disease in the untreated thoracic

and lumbar vertebral bodies was characterized independently

from the treated vertebra as previously described6: grade I, nor-

mal appearance of the remainder of the visualized spine; grade II,

1 or several focal vertebral lesions consistent with myeloma (�10

lesions involving the thoracic and lumbar spine or �6 lesions

involving either the thoracic or lumbar spine); or grade III, diffuse

vertebral bone marrow involvement (�10 lesions involving the

thoracic and lumbar spine or �6 lesions involving either thoracic

or lumbar spine).

Vertebroplasty Procedure
Vertebroplasties were performed by 9 experienced staff radiolo-

gists as previously described.1,7,8 Periprocedural pain manage-

ment included a combination of intravenous conscious sedation

and local anesthesia of the soft tissues superficial to the targeted

spinous pedicles. Biplanar fluoroscopy was used to monitor

needle position, trajectory, and intraosseous injection of polym-

ethylmethacrylate. After needle position was confirmed, polym-

ethylmethacrylate was freshly prepared by mixing barium sulfate–

doped solid copolymer (methylmethacrylate) with a small

amount of liquid initiator (N,N-dimethyl para-toluidine) and

subsequently injected into the compressed vertebral body. Ce-

ment injection was terminated when there was adequate filling of

the vertebral body (typically 1– 4 mL of polymethylmethacrylate)

or fluoroscopic evidence of epidural, venous, or transendplate

extravasation or extrusion of cement into the posterior quarter of

the vertebral body. Following vertebroplasty, patients were dis-

charged after 2 hours of strict bed rest and a postprocedural visit

from the performing radiologist.

Data Sources
Vertebroplasty data (dates of diagnosis, treatment, approximate

onset of symptoms, procedural data and notes, and radiologic
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studies), laboratory data, and pharmacy data were obtained from

archived institutional electronic medical records. Vertebroplasty

outcome data were retrieved from our institutional electronic

data base used to monitor safety and efficacy; this data base con-

tains data from approximately 2350 patients treated with verte-

broplasty at our medical center since 1999.

Outcome Measures
Patient outcome scores were collected by trained nursing staff

in person immediately before and after vertebroplasty and via

telephone 1 week, 1 month, 6 months, and 1 year following ver-

tebroplasty. Quantitative patient outcomes included the Numeric

Rating Scale (NRS) of pain at rest and pain with activity scored on

a 0 –10 scale and the Deyo-modified Roland-Morris Disability

Questionnaire (RDQ) scored on a 0- to 24-point scale.9 Out-

comes were calculated as median values with interquartile ranges

and percentage changes for each time point and patient group.

Percentage changes from the preoperative baseline were calcu-

lated for the NRS and RDQ scores for each patient at each time

point; patients who attained �50% improvement in NRS and

�40% improvement in RDQ scores were classified as “respond-

ers,” patients with �50% improvement in NRS and �40% im-

provement in RDQ scores were classified as “suboptimal re-

sponders,” and patients with no change or worsening of scores

were classified as “nonresponders” based on standard defini-

tions.10 After 3 failed attempts, patients who could not be reached

by phone were designated as “nonreporter status” for that specific

time point; nonreporter status did not preclude telephone contact

at a later time unless the patient formally withdrew from further

study participation.

Statistical Analysis
All statistical analyses were performed by using R statistical and

computing software (http://www.r-project.org/) and JMP, Ver-

sion 10 (SAS Institute, Cary, North Carolina). Continuous data

were displayed as median scores with interquartile ranges due to

non-normal distributions and were compared by using the Wil-

coxon signed rank test. Categoric data were displayed as relative

frequencies (percentages) and were compared by using �2 tests of

significance. Comparisons of means of continuous datasets be-

tween �2 categoric groups were performed by using analysis of

variance. Nonparametric pair-wise correlations between contin-

uous data were performed by using the Wilcoxon rank sum test.

Significance was assigned to differences of P � .05.

RESULTS
Patient Population
Among 2350 patients treated with vertebroplasty between Octo-

ber 2000 and December 2014, 181 (8%) had a diagnosis of my-

eloma or myeloma-related disease. One hundred seventy-two of

the 181 patients had undergone preprocedural MR imaging (cer-

vical spine MR imaging examinations, n � 21; thoracic spine MR

imaging examinations, n � 108; lumbar spine MR imaging exam-

inations, n � 82) and were included for further study. Sixty-seven

(39%) of these patients with myeloma were included in a previous

publication detailing our initial vertebroplasty experience in this

patient subpopulation that did not address the timing of systemic

therapy on clinical outcomes or adverse events.6 Among the

treated patients with myeloma, 134 (76%) were on systemic drug

therapy at the time of vertebroplasty, while the remaining 38

(24%) either were recently diagnosed or initially presented with

vertebral compression fracture as the first symptomatic manifes-

tation of multiple myeloma. The clinical and demographic char-

acteristics of these groups are shown in the Table.

Treated and Affected Levels
Vertebroplasty was performed on 287 vertebral levels in the 172

patients in our study group. The distribution of spinal levels

treated and affected by multiple myeloma is shown in Fig 1A, -B,

respectively. In our study population, the prevalence of fractures

followed a bimodal distribution, being most common at T7/T8

and T12/L1. More diffuse cases of spine involvement were noted

in 18 patients, representing 10% of all patients included in this

study. Ten patients included in this study had concomitant cervi-

cal spinal fractures; vertebroplasty was never performed on these

cervical fractures due to technical reasons and the presence of

concomitant symptomatic fractures at lower load-bearing verte-

bral levels. Within this study cohort, the median number of frac-

tured vertebrae (4; interquartile range [IQR], 2–5) was signifi-

cantly greater than the median number of treated vertebrae (2;

IQR, 1–3) per patient (P � .001). The median number of un-

treated, presumably asymptomatic, vertebral compression frac-

tures was 2.5 (IQR, 1– 4) per patient. No significant differences in

the number of affected or treated levels per patient were identified

between male and female patients (affected level: �2 � 0.48, P �

.49; treated level: �2 � 0.17, P � .68).

Among the patients in the study population, 64 (37%) had

diffuse (grade III) disease at the time of vertebroplasty, while the

remaining 108 patients (63%) had more localized (grade I or

II) disease limited to �10 thoracic and lumbar vertebral bod-

ies. Of the 287 treated vertebral fractures, 138 (48%) had no

MR imaging evidence of myelomatous involvement (type 1),

71 (25%) had indeterminate myelomatous involvement (type

2), and 78 (27%) had definite MR imaging evidence of patho-

logic vertebral compression fracture (type 3). Representative

examples of each compression fracture type are shown in Fig 2.

Time to Treatment
Among the 172 patients with myeloma, 38 (22%) presented with

a painful compression fracture as the first evidence of multiple

myeloma, while the remaining 134 (78%) had a diagnosis of my-

eloma before the discovery of a fracture. Within the subset of

patients who initially presented with vertebral fracture, systemic

Comparison of demographics of patients with myeloma on
systemic therapy at the time of vertebroplasty (treated group)
with patients not on systemic therapy (untreated group)a

Variable
Treated Group

(n = 134)
Untreated Group

(n = 38)
Male sex (No.) (%) 74 (55%) 23 (61%)
Deceased at 1 yr 19 (14%) 4 (11%)
Duration of pain (mo) 3 (1–7) 2 (1–3)
Delay in diagnosis (mo) 9.5 (2.5–45) NA
No. of affected levels 5 (3–10) 5 (2–12)
No. of treated levels 2 (1–3) 2 (1–3)

Note:—NA indicates not applicable.
a Data are median (IQR) unless otherwise indicated.
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drug therapy was initiated in 2 (5%) patients before vertebro-

plasty, and these systemic therapies began within several days of

vertebroplasty. Among the remaining 134 patients with a diagno-

sis of myeloma at the time of vertebroplasty, 111 (82%) were on

systemic therapy before vertebroplasty, while the remaining 23

(18%) were treated for myeloma after vertebroplasty. The median

time between the diagnosis of myeloma and the initiation of sys-

temic drug therapy was 10 months, with a range of 1–279 months

(IQR � 3– 45 months) (Fig 3A). Seventy-one (53%) of these pa-

tients underwent vertebroplasty within 12 months of the initial

diagnosis. The median time between the onset of symptoms (back

pain with subsequent radiologic evidence of compression frac-

ture) to systemic treatment was 3 months, with a range of 0 – 84

months (IQR � 1–7 months) (Fig 3B).

Clinical Outcomes
Quantitative pain and disability data were collected postopera-

tively on all 172 patients. To date, 148 (86%) patients had quan-

titative (NRS pain at rest/activity and RDQ) outcome data col-

lected at the 1-month end point; 135 (78%), at the 6-month end

point; and 111 (65%), at the 1-year end point. Of the 61 patients

missing follow-up data at the 1-year end point following ver-

tebroplasty, 26 (43%) had an intervening vertebroplasty pro-

cedure (�1 year ago), 12 (20%) were lost to follow-up for

unspecified reasons, and 23 (38%) died. The relatively high

mortality rate in our cohort can be attributed to the more

enriched pool of patients with advanced and refractory disease

that seek care at our quaternary care center; on review of the

medical records, none of these deaths were directly attribut-

able to vertebroplasty therapy.

Clinical Outcome Analysis
For the entire study population, median preoperative quantitative

outcome scores (NRS pain at rest, NRS pain with activity, RDQ

score) were 4 (IQR � 2– 6), 9 (IQR � 7–10), and 20 (IQR �

17–22), respectively (Fig 4A). All 3 quantitative outcome mea-

sures of pain and disability demonstrated significant decreases in

the postprocedural setting (P � .0001). NRS data for pain at rest

significantly improved in the postprocedural period following

vertebroplasty (P � .0001), with a median improvement of 2

points at 1 week, with no significant intervening change in scores

at 1 month, 6 months, and 1 year (P � .36 –.99). The NRS data for

pain with activity significantly improved in the postprocedural

period following vertebroplasty (P � .0001), with a median im-

provement of 6 points at 1 week with no significant intervening

change in scores at 1 month, 6 months, and 1 year (P � .41–.99).

RDQ scores demonstrated a significant median improvement

of 15 points 1 week after vertebroplasty, with additional non-

significant improvement at 6 months and 1 year following spi-

nal augmentation (P � .61–.99). There was no significant dif-

ference in the magnitude of response among the cohort of

patients with loss to follow-up due to subsequent vertebro-

plasty and those patients who were followed for the entire

study duration (NRS pain at rest, P � .57; NRS pain with

activity, P � .32; RDQ score, P � .49).

For NRS pain outcomes, at least 47% and 44% of patients met

the criteria for responder status (�50% improvement in pain) for

pain at rest and pain with activity in the immediate postoperative

setting, respectively (Fig 4B). In general, the total fraction of pa-

tients meeting responder and/or suboptimal responder status in-

creased with time (NRS pain with rest, 67%– 81%; NRS pain with

activity, 78%–100%). Likewise, for RDQ outcomes, at least 40%

of patients met the criteria for responder status (�40% improve-

ment in the RDQ score), with a large fraction of total favorable

cases meeting suboptimal responder status (0%– 67%). The rela-

tive fraction of responders also increased with time. Furthermore,

there was no significant difference in outcomes between patients

who had more acute back pain (�6 months of pain) and those

with more chronic back pain (�6 months of pain) for pain at rest

(P � .28 –.74), pain with activity (P � .06 –.90), and the RDQ

score (P � .22–.93) at any postoperative time point.
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FIG 1. Treated and affected levels. Vertebral level frequency histo-
grams of 287 treated vertebral levels (A) and 493 affected vertebral
levels (B) in the 172 patients comprising the study population of pa-
tients with myeloma.
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Effects of Systemic Treatment on Outcomes
In an effort to determine whether systemic drug therapy affected

clinical outcomes, we compared clinical outcomes and complica-

tion rates between untreated and treated patient groups. Com-

pared with the group not treated with systemic drug therapy at the

time of vertebroplasty, a significant favorable treatment effect was

observed for the treated group having pain with activity (F � 8.97,

P � .030) but not with RDQ (F � 0.02,

P � .89) or pain at rest (F � 1.01, P �

.22) scores. Furthermore, there were sig-

nificant differences in the response

across time between the untreated and

treated groups having pain with activity

(F � 10.14, P � .025) and RDQ (F �

6.16, P � .029) scores, but again not

with pain at rest (F � 1.92, P � .78).

Among categoric outcomes, there

was no significant difference between

the treated and untreated groups at any

time point for NRS pain at rest (P � .22–

.96) (Fig 4B). Among the NRS pain-

with-activity categoric outcomes, a sig-

nificantly higher fraction of favorable

responders were present in the systemic

treatment group at 1 and 6 months fol-

lowing vertebroplasty (P � .01); a bor-

derline significant finding was also observed for NRS pain-with-

activity scores in the immediate postoperative setting (P � .059).

For RDQ outcomes, the systemic treatment group also had signif-

icantly higher numbers of favorable outcomes at 1 week, 1 month,

and 1 year following vertebroplasty compared with the untreated

group (P � .003).

Complications
Forty-one (24%) patients experienced some form of clinically

asymptomatic periprocedural complication; these complications

included 15 cases of inadvertent disc-space extravasation, 14 cases

of inadvertent paravertebral-space extravasation, and 12 cases of

cement extravasation into the epidural space without clinical se-

quelae. No symptomatic complications were observed in this pa-

tient cohort, and the complications did not confound further as-

sessment of clinical status. The median white blood cell count was

4.3 � 109 cells/L (IQR � 3.4 –5.6 � 109 cells/L), while the platelet

count was 154 � 109/L (IQR � 76 –215 � 109/L). The lowest

white blood cell count and platelet count at the time of vertebro-

plasty were 1.5 � 109 cells/L and 41 � 109/L, respectively. Com-

plications were not significantly affected by the presence of ongo-

ing systemic therapy (�2 � 0.17, P � .68) or derangement in

laboratory values at the time of vertebroplasty (P � .79).

DISCUSSION
The findings from this single-center, retrospective study provide

robust evidence that vertebroplasty confers significant and dura-

ble improvement in pain and disability among patients with my-

eloma with symptomatic vertebral compression fractures. Our

findings suggest that vertebroplasty may be more efficacious

among patients with multiple myeloma already on systemic ther-

apy compared with those who undergo vertebroplasty before or at

the initiation of therapy. Improvement in pain and disability was

similar between patients with more acute and chronic durations

of fracture-related pain. Furthermore, complications, when pres-

ent, were clinically asymptomatic, with no known long-term se-

quelae and were not correlated with the timing of systemic ther-

apy or derangement in blood chemistries; this result suggests that

FIG 2. Sagittal T1 MR images demonstrating fracture types. Stars indicate treated fractures. A,
Type 1 fracture, considered likely osteoporotic. Areas of preserved, high T1 signal within the
fractured vertebral body, without a focal intravertebral lesion and no evidence of pedicle in-
volvement or epidural or paraspinal disease (not shown). B, Type 2 fracture, indeterminate for
underlying lesions. Diffusely low-signal marrow throughout the spine. No focal lesion or epidural
or paraspinal lesion within the treated vertebral body. C, Type 3 fracture, with clear evidence of
a myelomatous lesion within the treated vertebral body.
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the safety of vertebroplasty in the patient population with my-

eloma mirrors that observed in patients with osteoporotic verte-

bral compression fractures.

These findings complement a 2008 investigation of vertebro-

plasty in the population with the myeloma by demonstrating the

beneficial effects on a much larger patient population and expand

these findings by demonstrating that vertebroplasty may confer

more favorable outcomes on patients who have already initiated

systemic therapy.6 Such findings can provide guidance to clini-

cians and radiologists with respect to the timing of their vertebro-

plasty therapy and provide additional evidence of the efficacy of

spinal augmentation in the palliation of pain and disability as

demonstrated in multiple recent studies.11,12 The observation

that patients on systemic drug therapy have better postoperative

pain and disability scores compared with patients not on systemic

therapy was unexpected and may suggest that vertebroplasty can

be delayed in patients with early disease to optimize the therapeu-

tic response. Indeed, ongoing systemic drug therapy (corticoste-

roids, chemotherapy, targeted therapy, or biologic therapy) may

be advantageous to vertebroplasty by reducing the amount of

bone turnover and mitigating the
amount of bone pain from aberrant os-
teoblast and osteoclast function. How-
ever, it is also possible that the differ-
ences in outcomes may be unrelated to
systemic therapy and could be a mani-
festation of an unmeasured confounder
or differences in reporting pain among
patients with more long-standing bone
pain from myeloma. For example, the
excess pain reported in the untreated
group could reflect additional occult
pathologic fractures that are not as com-
mon following the initiation of systemic
therapy. Furthermore, it is difficult, if
not impossible, to extricate myeloma
bone pain from mechanical pain in
patients not on systemic therapy at the
time of vertebroplasty. The origins of
this finding merit additional investiga-
tion because patients on systemic ther-
apy do experience better outcomes.

The lack of a significant association
between the duration of pain and the
clinical response to intervention has
been previously reported in the verte-
broplasty literature but differs some-
what from reports on other spinal pro-
cedures (eg, epidural steroid injections)
in which patients with longer duration
pain have more attenuated benefits to
intervention.13-15 The discrepancies in
these findings may be due to several fac-
tors. First, the origin of pain from verte-
bral compression fractures differs from
that of radicular-type pain associated
with degenerative disease. Second, pa-
tients with radicular-type pain are more

likely to have long-standing pain that has failed conservative man-
agement, while fracture-related pain is more likely rapidly treated
after diagnosis. As such, it is more likely that patients with long-
term radicular pain have undergone the physiologic changes
associated with chronic pain, with central sensitization and psy-
chological adaptation.16 Because the phenomenon of central sen-
sitization has been shown to be related to inflammatory changes
in the dorsal root ganglion, such causative mechanisms are not
expected to be present in most vertebral compression fracture
deformities.

This study has several limitations. First, retrospective studies
of chronic pain are subject to reporting bias because patients’
long-term tolerance to chronic pain can overestimate the signifi-
cance of a treatment effect, even among newer methods of quan-
tifying chronic pain. While such concerns are valid among long-
term pain scores, the observed immediate and short-term
improvements in pain and disability are unlikely to be affected by
such bias and strongly argue for a favorable treatment effect. Sec-
ond, our study had substantial loss to follow-up, eliminating 35%
of respondents at the 1-year time point. Such loss to follow-up is
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FIG 4. Clinical outcomes. Change in median (A) and categoric (B) clinical outcome scores of pain
at rest, pain with activity, and RDQ scores. Median scores are shown at preoperative baseline
(preop); postoperatively (postop); and 1 week, 1 month, 6 months, and 1 year following vertebro-
plasty for the entire study cohort (all patients), patients not on systemic therapy at the time of
vertebroplasty (untreated group) and patients on systemic therapy at the time of vertebroplasty
(treated group). Median RDQ scores are shown in red; NRS pain with activity, in blue; and NRS pain
at rest, in green. Categoric clinical outcomes are represented as changes in pain with rest; pain
with activity; RDQ scores relative to the preoperative baseline in the immediate postoperative
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of patients meeting criteria for responder status are shown in green; suboptimal responder status,
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common among longitudinal studies and can confound results if
this loss is a result of unfavorable clinical outcomes following
treatment. However, in the case of this study, loss to follow-up
was largely due to repeat vertebroplasty treatment or mortality
from multiple myeloma. This outcome would argue against the
possibility that the lost cohort represented clinical nonre-
sponders. Third, while we observed better outcomes in the patient
group already undergoing systemic therapy, the retrospective na-
ture of this study makes it impossible to identify the origins of this
observation or ascribe causality. Furthermore, while the observed
significant differences between those on systemic therapy and the
untreated group suggest that this study is sufficiently powered for
these outcomes, sample size limitations prohibit analysis of out-
comes for specific systemic therapies. Fourth, selection bias is also
likely a confounder in this study because patients who were not
referred and/or offered vertebroplasty were not included in this
study. It is unknown whether inclusion of these patients, had they
undergone vertebroplasty, would have resulted in a similar degree
of pain relief.

CONCLUSIONS
Vertebroplasty provides a safe and effective means of achieving

durable pain relief among patients with myeloma with vertebral

compression fractures. Outcomes appear to be more favorable

among patients who have previously been initiated on systemic

drug therapy, yet the reasons for these differences in outcomes

remain unclear and should continue to be investigated.
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