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Abstract
Study Design: Longitudinal Comparative Cohort

Objective: The purpose of this study is to report on the cost-effectiveness of surgical versus
nonsurgical treatment for Adult Symptomatic Lumbar Scoliosis (ASLS) using the as-treated data
and provide a comparison to previously reported intent-to-treat (ITT) analysis.

Summary of Background Data: Adult spinal deformity is a relatively prevalent condition for
which surgical treatment has become increasingly common but concerns surrounding
complications, revision rates and cost-effectiveness remain unresolved. Of these issues, cost-
effectiveness is perhaps the most difficult to quantify as the requisite data is difficult to obtain. The
purpose of this study is to report on the cost-effectiveness of surgical versus nonsurgical treatment
for Adult Symptomatic Lumbar Scoliosis (ASLS) using the as-treated data and provide a
comparison to previously reported intent-to-treat (ITT) analysis.

Methods: Patients with at least five-year follow-up data within the same treatment arm were
included. Data collected every three months included use of nonoperative modalities, medications
and employment status. Costs for surgeries and non-operative modalities were determined using
Medicare Allowable rates. Medication costs were determined using the RedBook and indirect
costs were calculated based on reported employment status and income. Quality Adjusted Life
Years (QALY) was determined using the SF-6D.

Results: Of 226 patients, 195 patients (73 Non-op, 122 Op) met inclusion criteria. At five years,
29 (24%) patients in the Op group had a revision surgery of whom two had two revisions and one
had three revisions. The cumulative cost for the Op group was $111,451 with a cumulative QALY
gain of 2.3. The cumulative cost for the Non-Op group was $29,124 with a cumulative QALY gain
of 0.4. This results in an ICER of $44,033 in favor of Op treatment.

Conclusion: This as-treated cost effectiveness analysis demonstrates that surgical treatment for
adult lumbar scoliosis becomes favorable at year-three, one year earlier than suggested by a
previous intent-to-treat analysis.

Level of Evidence: Il

Keywords
Lumbar Scoliosis; Operative vs Non-Operative; Cost-effectiveness; As treated Analysis

Introduction

Adult spinal deformity is a relatively prevalent condition for which surgical treatment has
become increasingly common [1]. Multiple studies have shown the potential for favorable
outcomes in well-selected patients [2,3], but concerns surrounding complications, revision
rates and cost-effectiveness remain unresolved [4-6]. Of these issues, cost-effectiveness is
perhaps the most difficult to quantify as the requisite data is difficult to obtain [7,8].

Cost-effectiveness analysis (CEA) requires long-term data on well-matched patients
undergoing both surgical and nonsurgical treatment [9-11]. In particular, comprehensive
data on nonsurgical treatment, whether as an alternative to surgery or as an adjunct after
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surgery, is rarely available. Efforts to circumvent the difficulty and expense of long-term
data collection using modeled data have often proven inaccurate [5, 8, 12, 13]. Cost-
effectiveness is most often reported as cost/QALY gained (Quality Adjusted Life Years), a
valuable but simplified metric that can be generated from high-quality datasets [14]. As the
equation implies, achieving a threshold of cost-effectiveness becomes progressively difficult
as the cost of the procedure increases. A more complete assessment of cost-effectiveness is
the Incremental Cost Effectiveness Ratio (ICER), which reflects the comparative cost-
effectiveness of an intervention versus the most likely alternative treatment [15]. ICER
evaluation relies upon comparable surgical and nonsurgical cohorts, best generated in a
randomized controlled trial (RCT). However, previous RCTs evaluating surgical versus
nonsurgical treatments for spine pathologies have had high rates of cross-over. This analysis
better reflects relative value, as opposed to cost/QALY for one intervention in isolation.

The purpose of this study is to report on the cost-effectiveness of surgical versus nonsurgical
treatment for adult symptomatic lumbar scoliosis. The assessment is based upon an ICER
evaluation from the NIH supported Adult Symptomatic Lumbar Scoliosis (ASLS) trial. This
study analyzes the as-treated data and also provides a comparison to previously reported
intent-to-treat (ITT) analysis [16].

This is a secondary analysis of prospective data collected from subjects enrolled in nine
centers in North America. The primary study evaluated operative and nonoperative
treatments in patients with ASLS and included randomized and observational arms [3]. The
current study included patients between 40 and 80 years old with lumbar scoliosis with
coronal Cobb > 30°, and either an Oswestry Disability Index (ODI) [17] score of 20 or
greater, or a Scoliosis Research Society-22 (SRS-22) [18] Pain, Function or Appearance
score less than 4.0, and no prior fusion surgery. Exclusion criteria were the presence of
medical comorbidities that precluded surgery, high-grade (=3) spondylolisthesis, prior
thoracic or lumbar fusion, prior multilevel (=3) thoracolumbar decompression, severe
osteoporosis (femoral neck t-score =-3.0), neuromuscular scoliosis and presence of
congenital lumbar spine anomalies. Subjects were enrolled from 2010 to 2014. Funding was
provided by the National Institutes of Health through an RO1 grant: A Multi-Center
Prospective Study of Quality of Life in Adult Scoliosis (RO1AR055176-01A2). Institutional
review board approval was obtained at each participating center prior to subject enrollment.
Institutional review board approval was also obtained for this secondary analysis.

The study database was queried for patients undergoing Operative (Op) or nonoperative
(NonOp) treatment. Surgical approach, technique and levels fused in the Op cohort were
under the discretion of the treating surgeon. Data collected every three months included
frequency of use of nonoperative modalities (physical therapy, chiropractor, pain
management visits and epidural steroid injections), medication use (NSAIDs, opioids,
muscle relaxants) and employment status. Health-related quality-of-life scores (HRQOLS)
collected included the ODI [17], the SRS-22R [18] and the SF-12 [19].

Spine Deform. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Glassman et al.

Results

Page 4

The cumulative incremental cost-effectiveness ratio (ICER) at each year of follow-up was
determined. ICER is the difference in cost between two possible interventions, in this case
Non-operative versus Operative treatment for ASLS, divided by the difference in their effect.
Total costs included all surgical and nonsurgical costs in both cohorts. Surgical costs for the
index and revision surgeries within five years and direct costs for non-operative care were
determined using Medicare Allowable rates [20]. Medication costs were determined using
the lowest price quoted [21] and indirect costs were determined based on reported
employment status and income. Treatment effectiveness in terms of Quality Adjusted Life
Years (QALY) was determined using the Short Form — 6 Dimensions (SF6D) [22] derived
from the SF-12. Although determination of a specific dollar value threshold for appropriate
medical treatment is controversial, interventions with a cost per QALY gained (cost/QALY)
between $50,000 and $100,000, or less, are generally considered cost effective [23-26]. A
treatment is dominant if it costs less and is more effective compared to the alternative
treatment [15].

As part of the primary RCT study design, patients in the randomized and observational
group were allowed to cross over six months after enrollment [3]. For this secondary, as-
treated analysis, only patients who had five-year follow-up data while remaining in the same
treatment arm were included. For a patient who crossed over, all costs and benefits prior to
the cross-over were censored and not included in the analysis.

Baseline characteristics of the Op and NonOp cohorts were compared using unpaired
independent t-tests for continuous variables and Fisher’s exact test for categorical variables.
A p-value threshold of 0.05 was used in order for the difference to be statistically significant.

TreeAge Pro was used to perform the cost-effectiveness analysis to take into account the
incidence of index and revision surgeries in both groups, as patients were allowed to cross-
over to either arm during the study. A decision tree was used instead of using mean costs and
mean QALY gains for each cohort. Using group means does not take into account the
difference in the number of patients undergoing primary as well as revision surgeries in each
cohort. Subjects undergoing revision surgery would incur higher costs with less QALY gain.
This higher cost and less QALY gain cannot be applied equally to each subject in the cohort.
The decision tree model allows for apportioning of these higher costs and lower QALY gains
only to the subjects that have revision surgery [14, 27].

Funding was received from the National Institutes of Health, the Scoliosis Research Society
and International Spine Study Group Foundation.

286 were enrolled in the overall study, 195 met inclusion criteria with five year follow-up
data within the same treatment arm at the time of analysis. Twenty-two subjects withdrew
from the study and 69 subjects had not completed five year follow-up in the same treatment
arm. There were 73 patients who remained in the NonOp group and 122 patients in the Op
group for five years with available data. The proportion of patients from the Observational
arm was similar between the Op (60, 82%) and NonOp groups (100, 82%, p=0.968). Four
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(31%) of the 13 subjects in the Randomized NonOp group had crossed-over from the Op
group and 8 (36%) of the 22 subjects in the Randomized Op group had crossed-over from
the Non-Op group. The Op and NonOp groups were similar in age, sex distribution and
body mass index (Table 1). There were 3 (4%) smokers in the NonOp group and 2(1%) in
the Op group (p=0.567). The baseline HRQOL scores including the ODI (=0.001), SF-6D
(p=0.007), SRS-22R for Function (p<0.000), Self-Image (p<0.000) and Subscore (p<0.000),
were worse in patients in the Op group compared to NonOp group. The major Cobb angle
was significantly smaller in the NonOp group (50.2°), compared to the Op group (55.5°,
p=0.007).All patients in the Op group had a posterior decompression and instrumented
fusion, 3 patients had an additional anterior fusion, 52 (42%) had a transforaminal interbody
fusion, one patient had a Vertebral Column Resection, 3 had a Pedicle Subtraction
Osteotomy and 82 had fixation to the pelvis (67%).

Of the 122 patients in the Op group, 9 patients had a revision within the first year after the
index surgery. In addition to these revision surgeries, one patient had a removal of a spinous
process, one had a screw repositioning and one had an iliac screw removal. The cumulative
cost for the Op group was $74,050 with a QALY gain of 0.1. The cumulative cost in the first
year for the Non-Op group was $6,353 with a QALY gain of 0.0. The ICER was $ 704,897
per QALY gained (Figure 1) in favor of Non-Op treatment but did not reach the Willingness-
to-Pay (WTP) threshold of $100,000.

By the second year, 16 (13%) of patients in the Op group had a revision surgery. The
cumulative cost over two years for the Non-Op group was $15,101 with a QALY gain of 0.1.
The cumulative cost over two years for the Op group was $79,325 with a QALY gain of 0.4.
The ICER was $196,721 per QALY gained (Figure 2) in favor of Non-Op treatment but still
not reaching the WTP threshold of $100,000.

By the third year, 22 patients (18%) in the Op group had a revision surgery with one patient
having had two revisions, with a cumulative cost of $85,299 and QALY gain of 0.9. In the
Non-Op group, the cumulative cost of $19,195 and QALY gain of 0.2. This results in an
ICER of $93,405 per QALY gained (Figure 3) in favor of Op treatment, reaching the WTP
threshold of $100,000.

By the fourth year, 25 (22%) patients had one revision and two patients had two revisions,
with a cumulative cost of $95,572 and QALY gain of 1.5. The cumulative cost for the
NonOp group was $22,953 with a QALY gain of 0.3. This results in an ICER of $57,309 per
QALY gained in favor of Op treatment (Figure 4).

At five years, 29 (24%) of patients in the Op group had a revision surgery of whom two had
two revisions and one had three revisions. The cumulative cost, including direct and indirect
costs for the Op group at five years was $111,451 with a cumulative QALY gain of 2.3. The
cumulative cost for the Non-Op group was $29,124 with a cumulative QALY gain of 0.4.
This results in an ICER of $44,033 per QALY gained (Figure 5) in favor of Op treatment.
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Discussion

Surgical treatment of adult scoliosis is complex and may utilize substantial resources [28]. It
is therefore important to determine whether surgical treatment of adult scoliosis can be both
efficacious and cost-effective. Prior studies have shown that single-level lumbar fusion may
be cost-effective, but only over a 4-5 year time horizon [11, 29], raising questions as to the
economic viability of more costly adult deformity procedures. This analysis of as-treated
data from the NIH supported Adult Symptomatic Lumbar Scoliosis (ASLS) trial suggests
cost-effectiveness favoring surgical versus nonsurgical treatment in well-selected patients
beginning at year-3 after surgery. This timeline is more favorable than was reported in a
previous intent-to-treat analysis [16] study. The intent-to treat analysis favored surgical over
nonsurgical treatment four years after patient enrollment and had smaller ICERs. While
there is no uniformly accepted willingness-to-pay threshold , previously published
parameters range from $50,000 [24-26] - $150,000 ICER/QALY gained. ICERs generated
in this study fell within that range (ICER/QALY gain = $93,000; Year-3/$57,000
Year-4/$44,000 Year-5).

As opposed to previous cost-effectiveness studies for adult scoliosis [5,8,12], the ASLS trial
did demonstrate some QALY improvement with nonsurgical treatment [3, 16]. However, the
benefits of nonsurgical treatment were not sufficient to generate a favorable ICER, even at
the substantially lower associated cost. Revision procedures were, as expected, a key
determinant of cost-effectiveness. Perhaps surprisingly, even patients undergoing one
revision surgery remained cost-effective as compared to nonsurgical treatment, although
surgical patients requiring revision only became favorable at year-4 post-op, and the relative
benefit was smaller. Four patients required more than one revision surgery and their cost/
QALY was prohibitive in the year following the revision procedure.

Prior cost-effectiveness studies for adult spinal deformity have focused on deriving cost/
QALY estimates in surgically treated patients [5, 7, 8]. Terran et.al. based their analysis on
541 patients with 2-year surgical and clinical outcomes data [8]. Cost data was derived from
Medicare reimbursement rates and cost/QALY was then modeled to year-five based on the
2-year data. They calculated that at five years post-op 40.7% of patients would fall within a
willingness to pay threshold of $100,000/QALY gained. McCarthy et.al. report on a single-
center experience in 120 patients with 3-year follow-up [5]. The strength of this study was
the availability of actual hospital costs, as well as HRQOL measures in the surgical cohort.
The authors then modeled HRQOL outcomes for nonsurgical patients and estimated ICERs
to a 10-year horizon. This analysis projected an ICER of $80,387/QALY gained at ten years
post-op, which they compare favorably to a $140,000 per QALY gained World Health
Organization proposed cost-effectiveness threshold [30]. McCarthy’s analysis also assumes
deterioration in HRQOL for non-surgically treated adult deformity patients, which is
contrary to the findings of the ASLS trial.

Given the particular concern with revision rate after adult deformity surgery, Raman et.al.
compared cost/QALY gained for surgical treatment in primary versus revision adult spinal
deformity cases [7]. The authors report on 2-year cost and clinical outcome data for 56
primary cases and 63 revision cases. They document a Cost/QALY gained of $197,809 for
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primary surgery and $129,950 for revision surgery cases. They conclude that revision adult
deformity surgery, while technically challenging, was cost effective based on a threshold of
three times the U.S. gross domestic product per capita ($154,458/QALY gained).

The present cost-effectiveness analysis is based upon high quality prospectively collected
data, which is beneficial because the data is very complete for both the surgical and
nonsurgical patients. While these benefits might accrue in the nonsurgical arm as well, the
relative cost-effectiveness demonstrated in this study must be reproduced in standard clinical
practice in order to demonstrate widespread applicability.

An additional consideration with regard to the ASLS trial is that the high crossover rate may
confound the methodology of an intent-to-treat (ITT) analysis. This has been a consistent
problem with RCT studies for spinal surgery, where crossover rates are often high and bi-
directional [11]. Carreon et.al. performed an ITT based cost-effectiveness analysis for the
ASLS trial, demonstrating cumulative cost for the surgical cohort of $96,000 with a QALY
gain of 2.4 versus cumulative cost of $49,546 with a QALY gain of 0.75 for the non-surgical
cohort at five-year follow-up [16]. The surgical cohort became more cost-effective than then
non-surgical cohort at year-four with an ICER of $40,595, which was maintained with an
ICER of $27,480 per QALY gained at year-five.

In contrast, the present as-treated analysis demonstrates that the surgically treated cohort
becomes more cost-effective in year-three with an ICER of $93,000 /QALY gained,
maintained at year-four with an ICER of $57,000/QALY gained and year-5 with and ICER
of $44,000/QALY gained. Given the advantage of better HRQOL improvement, but the
disadvantage of higher cost in surgically treated patients, it should not be surprising that the
as-treated surgical cohort becomes cost-effective earlier, but at a higher overall cost, as
compared to the ITT analysis.

The most significant limitations of this study result from the difficulty with enrollment, and
substantial crossover in the randomized arm. Although there were patients who were
randomized to the surgical and nonsurgical arms, most of the patients were followed in the
observational cohort, and operative patients were worse at baseline as compared to
nonoperative patients. Also, due to the variable interval at which crossovers occurred, a
significant minority of the cases (91/286) did not have sufficient follow-up for inclusion in
this analysis. Despite these limitations, the underlying dataset was much more complete than
most of the adult spinal deformity literature [31].

Additionally, assessment of cost-effectiveness is limited by the lack of a consensus threshold
for willingness-to pay. We report a range from $50,000 to $140,000, and generally use the
$100,000 value most frequently cited in the spine literature, but cost-effectiveness as defined
by this threshold is obviously impacted by the specific threshold selected. Finally, there may
be limitations on the generalizability of the results, especially in the surgical cohort, as the
enrolling physicians are experienced spine surgeons operating in specialized centers.

In summary, this study confirms the prior ITT analysis demonstrating cost-effectiveness for
adult scoliosis surgery in the ASLS trial [16]. The as-treated analysis demonstrates that
surgical treatment becomes favorable at year-three, one year earlier than suggested by the
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ITT analysis. As compared to most of the prior literature, this study is based upon
prospective data with complete follow-up for both surgical and nonsurgical patients. This
should elevate the level of confidence that well-selected and executed surgical treatment for
symptomatic adult scoliosis can be cost-effective.
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ADULT SYMPTOMATIC

NO REVISION
N =113

SCOLIOSIS
| SURGICAL
N =122

Figure 1.

Cost/QALY: 558,952
Cost: 70,037
QALY Gain: 0.13

REVISION (1)
N=9

Cost/QALY: 675,439

Cost: 124,439
QALY Gain: 0.18

NO SURGERY
N=73

Cost/QALY: 189,088
Cost: 6,353
QALY Gain: 0.03

Flowchart of subjects in the first year of follow-up. Of the 122 subjects in the Op group, 9
(7%) subjects had a revision surgery within the first year after their index surgery. The
cumulative cost for the Op group was $74,050 with a QALY gain of 0.1. The cumulative
cost in the first year for the Non-Op group was $6,353 with a QALY gain of 0.0. The ICER

was $704,897 per QALY gained.
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ADULT SYMPTOMATIC

NO REVISION
N =103

SCOLIOSIS
| SURGICAL
N =122

Figure 2.

Cost/QALY: 170,990
Cost: 71,696
QALY Gain: 0.42

REVISION (1)
N =19

Cost/QALY: 242,913

Cost: 120,679
QALY Gain: 0.50

NO SURGERY
N =73

Cost/QALY: 143,959
Cost: 15,101
QALY Gain: 0.10

Flowchart of subjects in the second year of follow-up. Sixteen patients (13%) patients in the
Op group had a revision surgery. The cumulative cost over two years for the Op group was
$79,325 with a QALY gain of 0.4. The cumulative cost over two years for the Non-Op group
was $15,101 with a QALY gain of 0.1. The ICER was $196,721 per QALY gained
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Figure 3.

SURGICAL
N =122

NO REVISION
N =96

Cost/QALY: 77,608
Cost: 73,130
QALY Gain: 0.94

REVISION (1)
N =26

N=73
Cost/QALY: 113,448

Cost: 19,196
QALY Gain: 0.17

NO ADDITIONAL REVISION
N =24

Cost/QALY: 190,867
Cost: 125,016
QALY Gain: 0.66

REVISION (2)

N=2
Cost/QALY: 48,717
Cost: 192,768

QALY Gain: 0.40

Page 12

Flowchart of subjects in the third year of follow-up. 22 patients (18%) in the Op group had a

revision surgery with one patient having had two revisions, with a cumulative cost of

$85,299 and QALY gain of 0.9. In the Non-Op group, the cumulative cost was $19,195 and
QALY gain of 0.2. This results in an ICER of $93,405 per QALY gained
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L~
=

ADULT SYMPTOMATIC
SCOLIOSIS

SURGICAL
N =122

Figure 4.

NO REVISION
N = 86

Cost/QALY: 47,329
Cost: 73,335
QALY Gain: 1.55

REVISION (1)
N =36

NO SURGERY
N=73

Cost/QALY: 83,343
Cost: 22,953
QALY Gain: 0.28

NO ADDITIONAL REVISION
N =32

Cost/QALY: 82,128
Cost: 131,700
QALY Gain: 1.60

REVISION (2)
N=4
Cost/QALY: -275,158

Cost: 192,691
QALY Gain: -0.70

Flowchart of subjects in the fourth year of follow-up, 25 (22%) patients had one revision and
two patients had two revisions, with a cumulative cost of $95,572 and QALY gain of 1.5.
The cumulative cost for the NonOp group was $22,953 with a QALY gain of 0.3. This
results in an ICER of $57,309 per QALY gained.
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NO SURGERY
N=73

A Cost/QALY: 83,343
= Cost: 29,124

QALY Gain: 0.41
ADULT SYMPTOMATIC
SCOLIOSIS

SURGICAL
N =122

NO REVISION
N = 84
Cost/QALY: 38,430

Cost: 93,266
QALY Gain: 2.43

NO ADDITIONAL REVISION
N =34

Cost/QALY: 69,636
Cost: 144,452 ] NO ADDITIONAL REVISION
QALY Gain: 2.07 N=3

REVISION (1)
N =38

Cost/QALY: 81,758
Cost: 184,880
QALY Gain: 2.26

REVISION (3)
N=1

Cost/QALY: -147,439

REVISION (2)
N=4

Cost: 247,697
QALY Gain: -1.68

Figure 5.
Flowchart of subjects in the fifth year of follow-up, 29 (24%) of patients in the Op group

had a revision surgery of whom two had two revisions and one had three revisions. The
cumulative cost for the Op group at five years was $111,451 with a cumulative QALY gain
of 2.3. The cumulative cost for the Non-Op group was $29,124 with a cumulative QALY
gain of 0.4. This results in an ICER of $44,033 per QALY gained.
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Table 1.

Summary of Baseline Characteristics of Subjects in the NonOperative and Operative Cohorts

NonOperative Operative

N 73 122
Arm, N (%) 0.968
Observational 60 (82%) 100 (82%)
Randomized 13 (18%) 22 (18%)
Crossed-over 4 (31%) 8 (36%)
Age, Mean (SD) 59.5 (9.80) 58.7(8.5) | 0567
Females, N (%) 67 (92%) 111 (91%) | 0.160
Smoking Status, N (%) 0.049
Never Smoker 46 (63%) 80 (66%)
Former Smoker 24 (33%) 40 (33%)
Smoker 3 (4%) 2 (1%)
Short Form-6D, Mean (SD) 0.5 (0.2) 0.4 (0.2) 0.007
Oswestry Disability Index 28.5(14.1) 36.1 (14.9) 0.001

Scoliosis Research Society 22R

Pain 3.0 (0.6) 2.85(0.8) | 0.078
Function 3.5 (0.6) 3.17(0.7) | <0.000
Appearance 3.3(0.7) 2.75(0.7) <0.000
Mental Health 3.8(0.7) 3.72(0.8) | 0333
Subscore 3.4(0.5) 3.13(0.5) <0.000

Coronal Cobb Magnitude, °, Mean (SD) 50.2 (11.6) 55.48 (15.1) | 0.007

Coronal Balance, mm, Mean (SD) 16.3 (10.4) 22.26 (19.8) 0.006

Sagittal Balance, mm, Mean (SD) 18.55 (36.8) 26.00 (35.5) | 0.167

p-value threshold of 0.05 considered statistically significant
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