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developed to treat symptomatic cervical

degenerative disc disease (DDD). while -
preserving motion. For single-level degenerative
disc disease (DDD), noninferiority arid cost-
effectiveness (CE) of ¢I'DR compared with-
anterior cervical discectomy and fusion (ACDF)
have been demonstrated for several devices in
numerous studies.”® For 2:level sympromatic
DDD, ACDF had been thie standard of care
until a recent randomized controlled trial (RCT)

: Cervica.l otal disc replaceaent (€TDR) was

" exhibited superiority for TDR, resulting in us

Food and Drug = Adminisiration (FDA)
approval.” Similarly, the CE of 2-level ¢cTDR.

was previously established lookmg at 2-year
follow-up data from this wial'® From the
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societal perspective, 2-level cTDR dominated ACDF at 2 years in
this analysis, meaning thar it was more effective at less cost.’
Although the original model allowed for extrapolation, chis is less
than ideal for determining long-term sustainability. Therefore,
the current article reevaluates our previous conclusion by
analyzing the same cohort with updated 5-year trial data.

To bricfly review, 2 approaches are commonly used to conduct
a cost-effectiveness analysis (CEA) for ‘a clinical triak: simple
incrementa! calculation vs decision analytical modeling, The simple
calculation method is straightforward and uses quality-of-life data
collected during the trial to calculate the aggregate for each arm to
make comparisons berween arms. Decision analytical modeling
involves transforming the quality-of-life data into input parameters
that dare used to inform a decision model about the likelihood of
clinical events oceurring to trial subjects. The advantage of the lacter
is its flexibility. Decision analysis atlows for time-frame extrapolation,
subgroup analysis, and mote robust sensitivity analyscs o test
generalizability. Obvious disadvantages include the time required to

derive input parameters from the otiginal trial data and the need for .

assumptions required to generate the model.™

This study models a cost-utility analysis (CUA), a type of CEA,
because it allows for the estimation of the ratio between the cost of
a health-related intervention and the benefit experienced by the
patient. Therefore, the purpose was to use the best estimates of cost
and utility to assemble a model that compares the 5-year CE of
<TDR with ACDF for thé treatment of 2-level cervical DDD. A
secondary goal was to identify the value of indirect cost to society

(productivity loss) with a more comprehensive return-to-work

(RTW) analysis than previously evaluated.

METHODS

Data Source

Data were derived from a published RCT® comparing ¢ TDR (US FDA
Investigational Device Exemption {IDE] trial for Mobi-C) with ACDF
for 2-level DDD. Patients included in the trial (n = 330) had w0 be
diagnosed with radiculopathy or myeloradiculopathy at 2 contiguous
levels from C3 1o C7 that was unresponsive to consevative treatment for
at least 6 weeks or demonstrated progressive symptoms. The specific
methodology from the RCT is not included here for the sake of brevity.
Al statistical analysis was conducted by using SAS version 9.3 (SAS
Institute, Inc, Cary, North Carolina). All modeling was performed using
a common decision-analysis software package (TreeAge Pro 2013;
TreeAge Software, Williamstown, Massachuseuts). '

Study Desigh

The study examined the cost and utility of cTDR vs ACDF during the 5
years after surgery, The analysis was conducted in accordance with the
Panel on Cost-Effectiveness Health and Medicine convened by the US
Public Health Service.? We assessed both societal and health system
perspectives, The societal perspective accounts for both direct and
inditect costs, whereas the health system perspective accounts for direct
costs alone. Direct medical costs included operating room time, hospital
stay, postoperative medications, follow-up visits (scheduled and
unscheduled), and surgery-related complications (details in the “Direct
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Medical Cost” section). Productivity loss was defined as lost workdays
andfor the inability to continue working afier having returned. Health-
related utility outcome was expressed in quality-adjusted life years
(QALYs). Both cost and QALY outcomes were discounted at a yeatly -
rate of 3% to reflect their present value.'* The cost-utility outcome was
calculated as the ibcremental cost-effectiveness ratio (ICER) for ¢<TDR.
By definition, an ICER is the difference in cost divided by the difference
in QALY for 2 interventions. A value under the commonly accepted
United Staces-based willingness-to-pay (WTP) threshold of $50 000 per
QALY was considered to favor ¢cTDR in comparison with ACDF in
terms -of comparative CE. :

A Markov model (shown in Figure 1) was constructed to analyze
postsutgical costs and health-related utility outcomes. The model
iniitially assured a target population of patients aged 44 years (based
on the mean age from the RCT %). Bach Markov state depicted both
a patient’s healh and work status at any given time point evaluated.
Overall quality of life was represented by 5 distinct health states, each
having an assigned differential utility score {described further in the
“Heqleh States” section). According to the published RCT ,? preoperative
demographics and health status (neck disability index [NDI], visual
analog scale [VAS], and the 12-Item Short Form Health Survey {SF-12])
were not statistically different between the surgical cohorts, Remurn-to-,
work (RTW) status was dichotomized as either yes ot so. In addition, if
RTW was established, it was further stratified by persistence of work at
cich follow-up visit. Details pertaining to RTW status are described
further in the “Productivity Loss” section. The modél used varying time
intervals per cyele to account for. the fypical clinical course: patients with
DDD often cxperienced rapid initial symptomatic improvement that
tapered over time. The model begins with 6-week cycles from the initial
surgety up to 6 months, followed by 6-month cycles thereafter. All
model input patametess included in the model are provided in Table 1.

Health States :

The development of health states was described in detail in the 2-yeat
article.’® In brief, they include niild, moderate, severe, crippled, and
bedbound; they were created by stratifying the NDI and VAS for neck
and atm pain, which are 2 principle quantitative measurements used: in
the RCT.? The model then assessed transition probability between
health states (s¢c Tables, Supplemental Digital Content 1 and 2,
htep://links.lww.com/NEU/A841, huep:/ flinks.lww.com/NEU/A842).

Each health stare was assigned a hicalth-related atility score measured in
QALYs. The QALYs were evaluated by using SF-12 dara collected
preoperatively and at 6 weeks, and at 3, 6, 12, 24, 36, 48, and 60 months.
Asin the previous 2-year CEA,*® we opted td use SF-61) for converting SF-
12 data inro ntilities.'” This SAS-based mapping afgorithm was obtained
from the University of Shefficld, Mean wiility and standard deviations were
computed for cach of the 5 health stites and were found to direcdy
correlate. ' Preoperative and postoperative health states with assoctated

urility values werc then deresmined for each of the surgical cohorts:

Productivity Loss

Per the original RCT, data for productivity loss were limited to 3 years of
follow-up for both surgical coliorts because no additional change in RTW
was observed between the 2- and 3-year postoperative time points.
Preoperatively, 204 (61.6%) patients wotked; 74 (22.4%) were unable to
wotk secondary to their disease; and 53 {16.0%) did not work for teasons:
other than the disease (ie, retired). We only included patients from the former-
2 groups (n = 278) in our analysis. The proportion of patdents working
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FIGURE 1. Markow madel schematic. ACDF, anterior cervical discectonsy and fusion; cTDR, cervical total disc replavement,

preopetatively did not significantly differ between surgical cohores (58.4%
in the ACDF group compared with 61.4% in the cTDR group; P = 313,
2.-tailed z test). We considered 2 aspects when defining productiviey loss:
workdays missed (ic, RT'W) and wotk persistence once returped.

For RTW, we cafculated both the associared health state-specific and
time-specific probabilities to inform the model {shown in Tables 2 and 3).
With respect to work status persistence, we derived the health state-
specific probabilities for continuing to work full-time, pare-time, and
complete cessation. We assumed part-time work to be 50% of full-time
work houss. A monetary value for productivity loss was calculated by
ultiplying the 2013 national average wage'? (2014 average wage is not
avaitable as of this analysis) with the corresponding proportion of time
away from work postoperatively.

Direct Medical Cost

The costrelated trial data contain the following elements: operative
time, hospital stay, medication use, adverse event rates, and follow-up
office visits, Operating room time and hospital stay could not be direcdy
transfated into dollar amounts because the unit cost {eg, operating room

NEUROSURGERY

per hour cost) was unknown. Instead, we used 2014 national average
Medicare reimbursement rates for the associated diagnosis-related group
(DRG) and Current Procediral Terminology (CPT) codes, assuming that
operational differences were reflected by the difference in the Medicare:
reimbutsemene rates (Table 1), The model alsé considered costs
associated with adverse cvents, but only those requiring subsequent
surgeries, such as revision, fication, or reoperation: and removal. The:
analysis of medication use and unscheduled office visits were believed to

* capture. other adverse events, such as pain, dysphagia (not requiring

surgery), and adjacent segment disease (not requiring surgery). Revisions
occurring within 30 days of the initial surgery were excluded because
they are bundled with the initial DRG. S

‘With respect to medicationt costs, we hypothesized that the type and

. number of medications taken immediztely postoperatively should differ from

later follow-up periods. In addition, this difference (particularly with
anialgesics, antdspasmodics, and neuroleptics) was associated with thie patient’s
health status. For medicarions missing a start datc, the middle of the month
(ie, the 15th) was imputed. The number of miedications prescrbed by
postoperative follow-up period and health status is illustrated in Supple-
mental Digital Content 3 (see Table, hetp://links.lww.com/NEU/A843).
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TABLE 1. Model Input Parameters

- Parameters Value, % (+5D) . Source
1. Distribution of health state prior to initial surgery o

Mild 0.0 (0.0) RCT

Maoderate 6.0 (1.3)

Severe 22.8(23)

Crippled 52.8(2.7)

Bedbound 184 (2.1}

2. Time=specific transition probabifities between health states o : :
After ACDF surgery See Table, Suppiemental Digital Content 2 _ RCT
After ¢TDR surgery See Table, Suppiemental Digital Content 3
3. Probability of unscheduled office visit, per 6 wk
Mild 09 (04 RCT
Moderate 0.8 (0.4
" Severe 1.6 {0.5)
Crippled 45 (0.9}
Bedbound 3.6 (08}
_ Value, % (5D}
Parameters ACDF <TDR Source
. 4, Risk of complfcation per Markov transition® ‘

Revision, fixation, or reoperation o
0-6 mo 0.0 (0.0) 0.1 {0.3} RCT
6-12 mo 1.2 (1.0) 0.4 (06)
12y 1.4 (0.9) 02{04): -

After 2y 0.0 (0.0) 0.0 {0.0}
Removal o
g-6 mo 0.0 (0.0} 0.4 (0.6)
‘612 mo 38 (14 0.1-(0.3)
12y 3814 0.4 (0.6) -
After 2y 0.1 {0.1) 0.6{0.7) . B
5. Age-specific mortality 2013 national statistics NVSR™®
Value, % (£5D)
Parameters DRGACPT Cost {$) Source -
6. Medical cost, 2014 dollars _ : S

cTDR ‘ 2014 Medicare reimbursement rate
2015 DRG 518 . 17965 Pl T :
Discectomy with end plate preparation {single) 22856 - 1676
Discectomy with endplate preparation {additional) 22858 ' C 872 L
Autograft 20937 175

. ACDF = .
DRG 473 13025
Device (2 levels). 22851 - 842 . ¢
Discectomy & decompression (single) 63075 1404

" Discectomy & decompréssion {additional) 63076 } .. 256
Arthrodesis 22554 _ 1302
Structural allografts 20931 ' 116

Revision, fixation, or reoperation of cTDR
DRG . " 518 17 965
Removal of disc (single) 22864 2035
Removal of disc {additional} 00957” 472
Revision of disc 22861 2262
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TABLE 1, Continued = -

Value, % {+SD)

Paramaéters ' ‘

DRG/CPT

Cost () 5““!."_-"'! .

“Revision, fixation; or reoperation of ACDF

Removal of pseudarthrosis
Discectomy & decompression (single)
Discectomy & decompression (additional}
Arthrodesis ‘
Structural alfografts -

Offfice visit

Office visit {severe condition)

7. Productivity Loss

Average full-tice wage index, 2013

Return-to-work, time-specific ‘

Wo'rk- Persistence, after return-to-work °

DRG : 473
' 22855

63075

63076

22554

20931

99213

99214

13025 .
1147
1404
256
1302
116
72
106

CRCT

$44 888
See Table 2
See Table 2

Vatue, % (=SD}

Parameteérs

=6 wk, $ {£SD)

>6 wh; § (=5D) Source |

8. Medication cost, per 6 wk’
Mild
Moderate . .
Severe
Crippled
Bedbound

63.6(47.2)
1007 (54.3)
116.6 (87.9)

1749 (894)

1484 (93.4)

37.1 (30:4)
583147.2)
742 (49.3)
68.3.(424) .
84.8 (59.6}

Parameters

Vaiue, % (£SD)

" ‘Source

9, Quality-of-life values
Mild
Maoderate
Severe
Crippled
Bedbound

- 0689 (0.17)

0.849 (0.117) RCT
0602 (0.111) -

0548 (0099) -

0.478 (0.100}

3ACDE, anterior discectomy and fusion; CPT, Current Proceduiral Tenninoiogy; CTDR, cervical total disc replacement; DRG, diagnosis-related group; NVSR, Nét_lonal vital -

Statlstics. Report; RCT, randomized controlled trial; SD, standard deviation; S5A, Social Security Administration. -

bprobabilities are in “per transition” term. The time-specific cumulative probability in a period approximately equals the probabiiities per transition x number of transitions in
the petiod: For example; the probability of having 2 revision per transition during “0 to.6 month” equals 0.17 and there are 4 transitions during “0 to 6 months” (6-week cycle
per transition), which means that during “0 to 6 months” the cumilative probability of having a revision is about 0.11 x 4 = 0.44. '

Supplemantal digital content 1, 2, and 3 can be accessed here: http:/Ainksww.com/NEU/AB4Y, http;ii!lnks.!ww.commEU)’AEAZ, and http:lllihks.!ww.comfNEUMM3;'

We cross-referenced our data with the 2011 Redbook MarketScan'” o
calcularé medication costs. The Redbook file contains the average wholesale
ptice (AWP) for all drugs assigned a nationat drug code. Cost was estimated
using AWP times 85% (seen in Table 4). This multiplier was based on
Medicare’s 2010 reimbussement rate for medications. Afer 2010, Medicare
changed.to an average sales price reimbursément method that is not publicly
available, The estimated AW was inflated to doltars in 2014 by using the
medical Consumer Price Index.'®

Finally, costs associated with follow-up office visits (both scheduled and
unscheduled) were included in the model. Scheduled office visits were

those occarring at 6 weeks, and at 3, 6, 12, 24, 36, 48, and 60 months .

postoperatively. An analysis of the trial data revealed that the likelihood of
having an unscheduled office visit is associated with worsening health state

(P = .002). Therefote, we looked at health state-specific likelihood of -

NEUROSURGERY

office visits per 6 weeks (Markov cycle). As a result, for cach scheduled or
unscheduled office visit, the model assigned a CPT code based on the
health-state. For example, a normal office visit (CPT 99213) was used for-
mmild ‘and mioderate disability states, whereas a higher-level visit (CPT
99214) was used for the severe and crippled health states. v

Sensitivity Analysis _ . _

To: examine the uncertainty in our CUA, we conducted scenario,
probabilistic, and threshold sensitivity analyses. First, we modified model
inputs {such as age and time horizon} to examine costs and urilities under.
alternative scenarios {see Table 5). The target population was: varied t6
include 30-, 55-, and 70-year age groups to- assess how. lifespan (and
productivity) affect the model. Age-specific mortality rates were based on

VOLUME 0 | NUMBER 0 | MONTH 2016 | 5
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TABLE 2. Probabllity of Return to Work by Time and Disabllity
- Status, and Work Persistence After Return to Work by Disability
Status ; o '
o Mild Moderate Severe Crippled Bedbound
‘Return to work
(RTW)
<6 wk : _
Total 94 90 62 30 2
RTW 72 50 17 7 0
%. 766 556 274 - 233 0.0
6 wk-3 mo
Total = 52 34 23 15
rRIW 38 17 7 4 1
% 731 50.0 304 267 - 167
3-6 mo
Total - 20 15 15 10 -2
RTW 1 4 3 3 0
% 550 267 200 300 00
612 mo
Total 6 1 16 -7 .2
RTW 3 2 3 2 o
% 50.0 200 . - 188 286 00
=15y
Total -2 8 12 6 3
RTW 1 2 2 0 o
T % © 500 258 167 06 . 00
152y )
Total c1 4 2 B
RTW 0 1 0 o o
% 0.0 25.0 00 00" - 00
>3y
Total R 3 1 1 1
RTW 0 0 o ¢ 0
% 00 . 00 00 0.0 . 0.0
Work persistence
Full ime (%) = 696 . 696 723 - 635 404
Part time (%} 18.2 18.2 203 226 322
None (%) 122 122 74 139 274

the 2013 National Vital Statistics Report,’® with a maximum age set at
100 yeas. Standard retirement age was assumed to be 265, after which
no postopetative productivity loss occurred. The model time hotizon was
also varied from the basc case of 5 years to include both 2- and 8-year
scenarios. Second, a probabilistic analysis was used to address parameter
uncertainty, The uncertainty tegarding the model input parameters wete
characterized by probability distributions.” B distributions (best fit for
bitromial data) were assigned to all probability parameters based on their
point estimates and 95% confidence intervals derived from the trial data,
+ distributions were used for cost items with the standard deviation, by
convention, assumed to be 25% of the national reimbursement raee.® y
distributions were also assigned to decrements in QALYs, with lower and
upper bounds of 0 and 1, respectively. With distribusions assighed, we
ran a Monte Carle simulation with 3000 iterations, and the parameter
values were simultaneously sarapled based on their specified distribu-
tlons. Simulation findings are presented in a CE acceptability curve
(Figure 2). Finally, a threshold analysis was used to determine the values
of key clinical parameters required to cause an absolute change in CE

6 | VOLUME G [ NUMBER 0 { MONTH 2016

" TABLE 3. Return to Work, by Surgery Type” o .
Fusion, n (%) ¢TDR, n (%) P Value”
<6 wk 38 (36.5) 108, {47.6) . 059
6-3 mo 20 (19.2) 47 (20.7) 749
3-6 mo 6 (5.8) 15 (6.6) 779
612 mo 1{1.0) 9 {4.0) 145
- 115y 2(1.9) L3(1.3) . 875
152y 10.0 1.(0.4 .509
23y 0 (0:0) 0 (0.0) N/A
No returh to worl 36 (34.6) 44 (19.4) 003
Total ' 104 (100.0} 227 (100.0}

9¢TDR, cervical total disc replacement; N/A, not available.
bRased on 2-tailed ¢ test. :

between the 2 surgical arms (Table 6). Absolute chmge-m defined as
the amount of parameter manipulation required for the ICER to fal
below or exceed the WTP threshold of $50 000 per QALY.

| TABLE 4. Cost and Utitity of a Patient With 2-level Symiptomatic .
DDD Undergolng <TDR vs ACDF in 5 Years After Surgery” - 1
' ACDF. = ¢TDR A
Cost. . B
Diract medical cost, $ (%) _ _
initial surgery 16945 (78) 20488 (87) 3543 .
Adverse events 2292 (11) - 689 (3) . ~1603
Medication C1944109) 173647 . —209
Office visit 591.(3) 546 {2) —45
Total medical cost 21772 (100) - 23459 (100y - 1687 -
Productivity loss, § 91824 54 447 —34777
 Medical cost + ‘ 113596 80906 - 32690
productivity loss, $ T ’ '
Health state and utility
Months in a health state,
. nfosy _ o o
Minimal disability 25.1 {42) 35.5 (59) 104
Moderate disabifity . 13.0(22) . 11920 - . -1
Severe disability 11.6{19). 6912 —47
Crippled 66(11) . . 4818 -18 .
Bedbound 3.7{6) 0.9 (2) —28
Total " 600 (100) 60.0 (100) 0
Health-relatad utility, 3.376 3.574 0.19
QALYs
Cost-utility EERI |
ICER, societal —$165103
pefspecti'veb _ :
ICER, health system $8518
perspective® . S

TACDF, anterior cervical discectomy and fusfon: cTDR, cervical total disc
replacement; ICER, incremantal cost-effactiveness ratios; QALY, quality—adjuSted
life year, ' : -
bCost from a societal perspective Includes direct medical cost and productivity
loss, . o

“Cost from a health system perspective includes diract medical cost, but no
productivity-loss.

www.neurasurgery-enline.com
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_'TABLE 5. Scenaﬂo Sens:tivlty Analysls . T s _
Direct Medzcal Cost + Divect Medical  Utility, in $CER, Societal ~'ICER, Health System
o Productivity Loss Cost QALY Perspective® Perspective”
Base case. scenario
5-y horizon, mean
age 44
cTOR $80906 823459 3.574 —165103 8518 -
ACDF $113596 $21772 3.376
Alternative scenarios :
5-y horizon, mean
age 30 .
cTDR 81166 . 23986 3619 —~167029 - 9815
ACDF 114739 22013 3.418 s
5=y horizon, mean . : ‘
age 55 ‘ . ‘ . -
<TDR 72352 23011 3.574 —165148 8724
ACDF 104722 21301 3.378 o o .
5-y horizon, mean
age 70
cTDR 22870 22 870 3.406 . 9551 - 9581 T
ACDF 21083 21093 3.220 ‘ '
2-y horizon, all age
groups : : e I
cTOR 47 473 21938 1.576 —70340 22071
" ACDF 53381 20084 1492 - S
8-y horizon, all age
groups . B N ‘ S
¢TDR © 109 488 25313 5.353 2225816 . .6148 -
ACDF 176 781 23481 5.055 . . o

bCost from a sociatal perspective includes direct medical cost and praductivity foss.

INCDF, anterior‘ cervical discectomy and fusion; cTOR, cervi'cai total 'di'sc're'piacément; JCER, incremental cost—eﬁécti\)ehess ratios; QAEY, quallty-adj_pst'ed life y'a'a'r.

“Cost from a health system perspective includes direct medical cost, but no productivity loss.

RESULTS

The baseline analysis examined the cost and utility (in QALYs)
of cTDR vs ACDF for a patient with 2-level symptomatic cervical
DDD during 2 5-year postoperative time hotizon. The results are
summarized in Table 4. :

With respect to direct medical cost, cTDR was projected to have
ahigher initial surgical cost ($20 488) than ACDF ($16 945), but
lower costs associated with adverse events ($689), medications
($1736), and office visits ($546) compared with ACDF ($2292,
$1944, and $591, respectively). Taken together, cTDR costs
$1687 more than ACDF over 5 years. In contrast, cTDR had
substantially less productivity loss than ACDF, $57 447 vs $91
824 over 3 years, respectively. This is likely secondary to
significant differences in RTW rates between the 2 surgical
cohorts (Table 3), a total of 80.6% compared with 65.4% for
¢TDR and ACDF, respectively. Looking specifically at the 6-
week postoperative period, cTDR also demonstrated a statistical
trend toward higher RTW rates compared with ACDF 47.6% vs
36.5%, respectively (P = .059).

In terms of quality of life, on average, the model projected that
a patient undergoing cI'DR enjoyed 35.5 of 60 months in the

NEUROSURGERY

health state of mild disability, a total of 10.4 months greater than.
the ACDF cohort. The ACDF cohort spent longer, on average, in
all health states worse than mild disability. Consequently, cTDR
patients had 3.574 QALYs compared with the ACDF patient
with 3.376 QALYs at 5 years.

Therefore, from z societal perspective, thercby incorporating
productivity loss, the ICER for cTDR was —$165 103 per QALY
at 5 years, indicating that cIDR dominated” ACDF. From
a health system perspective, and only considering direct medical
cost, the ICER for cTDR was $8518 per. QALY at 5 years.

When target age and time horizon were varied (Table 5), the:
ICER for ¢TDR compared with ACDF remainéd below the US
WTP threshold of $50 000 per QALY in all scenarios (—$225 816
per QALY to $22071 per QALY). Results were similar with
multivariate probabilistic sensitivity analysis (Figure 2): ¢cTDR was
cost-effective in mote than 95% of simulation iterations when the,
WP threshold was >$20 000 per QALY, regardléss of perspec-
tive. In the final test of generahzabxhty, extreme. thresholds were
required for. ACDF 1o be cost-effective compared with ¢cTDR
(Table 6). Similarly, only when the cI'DR DRG was reimbursed at
$26 217 or $62 637 for the health system and societal pcrspcctwcs,
respectively, the ICER exceeded the WIT’ threshold.
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Acceptibitity curvie of ¢TDR, societal
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FIGURE 2. Probubilistic sensitivity analysis: mst—gﬁ'@?civénm acceptability curve of cervical toval disc rep!acement (eTDR) in comparison with anterior cervical -
diicectomny and fision (ACDF) from & societal perspective and a health systeric pérspective. Thhe curve shows she probability that ¢cTDR & cost-effective in
“comperison with ACDE for a range of meiimum: willingness 10 pay per quality-adjusted life year {QALY) gained: Thi probability was derived from 3000
" rounds of simudarion that vandomiy sample parameter values from the parameter distributions asiigned. Societal perspective includes both direct medical cost and-
productivity loss. Healeh system perspectiv incheder only direct médical cost, Color version available onbine only. . T o

DISCUSSION

In this study, we derived the ICER: of ¢<I'DR compared with
ACDF by using 5-year trial data and conducred a robust sensitivity
analysis to assess generalizability. Similar to the previous 2-year
review, CE was again established based on the commonly accepted

WTP threshold of $50 000 per QALY. This remains true while
varying input parameters in multiple sensitivity analyses,
reaffirming the stability of the model, and establishing the
sustainability of the result. From a societal perspective, cTDR
imparts greater quality of life at less cost than ACDF, suggesting
that it is the dominant intervention. For the base case analysis, the

. TABLE 6. Threshold Analysis® ‘ _ ‘ S
<TDR Cost-Ineffective,” <TDR Ct_i_steinéﬂectlve," Haalth

Parameter Base Case Value Sacietal Perspective . System Perspective
CTDR DRG $17965 >462 637 o >526217
ACDF DRG '$13025 Nonexistent® <55079
QALY for mild disability - 0.849 Nonexistent® - " <0.635 -
QALY for moderate disability 0.689 Nonexistent’ Nonexistent” ]
cTDR adverse events‘f 100% of baseline rates >6281% of baseline rates . 51192% of baseline rates.
ACDF adverse events? 100% of baseline rates Nonexistent* Nonexistent®

TACDE, anterior cervical discectomy and fusion; cTDR, cervical total disc replacement; DRG, diagnosis-refated group; QALY, quality-adjusted life year.

BCTDR Is no fonger considerad as being cost-effective when the ICER for cTDR > $50000 per QALY. T

Nonexistent = the value beyond which ¢TDR is no foriger effective does not exist within any possible range. For probability parameters, the possible range Is 0% to 100%; for
cost parameters, the possible range s $0 to positive infinite; for multiplier, the possible range is O to pesitive infinite, . )
“Bacause the complication rates for revision, fixation, or reoperation and for removal are time specific. For the purpase of threshold analysis, we varied all complication rates

by a certain percentage of the baseline rate at the same time.
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ICER for ¢TDR at 5 years (—$165 103 per QALY) far exceeded
the previous 2-year result ($24594 per QALY). This is not
surprising because the QALY improvement between cTDR and
ACDF increased from 0.087 at 2 years to 0.198 at 5 years,
respectively. Similarly, cTDR was $2139 morte costly than ACDF
at 2 years compared with a cost savings of $32 690 at 5 years.
Again, this highlights how cTDR appears to provide patiencs with
better quality of life at a savings over time. Qur results also appear
consistent with recent publications. In an article by McAnany et
al,? authors analyzed the CE of ¢cTDR vs ACDF for single-level
DDD using the ProDisc-C trial data. They found that cTDR also
dominates ACDEF at 5 years for single-level discase (—$557 849
per QALY). :

"The dramatic difference in the 2- and 5-year data was believed to
be secondary to-a more compsehensive RTW analysis than was
previously conducted. Unlike the 2-year analysis, RI'W data were
available and not assumed. Furthermore, we calculated both the
associated health state-specific and time-specific probabilities to
inform the model and work status persistence, When comparing
surgical cohorts, the overall difference in RTW rates was found to be
significantly different. At 6 months, the cTDR and ACDF RTW
rates were 47.6% and 36.5%, respectively. At 3 years, the RIW
rates were 80.6% compared with 65.4%, respectively. Health
status-specific RTW probabilities suggested that patients with less
postoperative disability were more likely to return to and sustain
work. However, the results cannot be explained by the enhanced
RTW analysis alone. This is because the majority (68.1%) of
paticnts who worked before surgery was ablé to return to work
within 6 weeks postopetatively. More importantly, 50% of patients
whose condition prevented them from working before surgery were
able to return to work within 6 months postoperatively, Further-
more, because the RTW analysis was limited to 3 years, other costs,
complications, and/or quality-of-life differences appear to be
contributing to sustained CE past this time point. It is unclear
how complete 5-year RTW data would affect our resules; however,
the authors assume the effect to be negligible because the rate of late
«complications (that could affect productivity) was markedly lowand
there was no documented change in RTW status between the 2 and
3 years of follow-up periods. '

Limitations

This study should be interpreted in the context of several
limitations. It was conducted using decision analyrical modeling
and, as a result, has several inherent limitations. By definition, the
Markov model is supposed to be conditional on the present state
alone; fiiture and past events are assumed independent, With discase
processes, it is rarely plausible to assume thata patient’s transition to
another health state was not in some way dependent on their
previous health state. The model also assumed that surgical cohorts
began in similar health states. The authors believed that this was
acceptable because the initial patient selection was randomized.
Despite the stringent criteria used in the RCT,” however, it is
rarely possible to blind patients or surgeons in a surgical trial.
Therefore, it is perceivable that patients receiving the novel CTDR

NEUROSURGERY

intervention may have experienced more subjective improvement
compared with the ACDF group. Similarly, surgeons may be
biased toward 1 approach and make different intraoperative and
postoperative decisions as a result. Although difficult to- control,
this was addressed by combining multiple outcome measures, such
as NDI, VAS, and SF-12, all of which demonstrated reliability and -
consistency. C L
We also recognize that some cost data were not ascertainable. For

example, because it is problematic to: use hospital charge data to
conduct aCEA, we used Medicare rates for diagnosis-related groups.
As a resul, differences in parametets (such as opérating room time
and length of stay) were not captured. However, it is likely that the
marginal increases in operating room time associated with cIDR,
and the resultant increased cost, is obviated by the shorter length of
stay observed in this same group in comparison with ACDE. To be
able to calculate the medication-related costs, we created estimates
from AWP (x0.85) because updated Medicare average sales prices
were not publicly available. Although this estimate was considered
apptopriate, it is impossible to: determine if this actually over-
estimated or underestimated costs for both groups. Preductivity
loss also significantly contributed to cost. Altheugh comiprehen- -
sive, this analysis did not include aspects such as transportation
costs, caregiver time/responsibilities, and educational ‘days missed.
Furthermore, in monetary: terms, productivity loss was calculated
by using the 2014 national average wage. It is unclear how these
estimates may bias our cenclusion. However, we contend that
when the direction of the bias was unclear, at least both groups
were treated similarly based on sound and collaborative clinical
judgment. _ S R

- Despite numerous limitadions, univariate and - multivariate -
sensitivity analyses were conducted inan atternpt to tescthe strength
and generalizability of the model. Despite multiple alierations of
input parameters and multivariate “analysis” of thousands. of
petmutations the ICER for cTDR compared with ACDF temained
below the US WTP threshold of $50 000 per QALY This finding

- remained true from both health system and societal perspectives. -

We also reiterate the significance of our threshold analysis. Not
only would ¢TDR need to cost markedly more than its current
reimbursement rate, bu critical input parameters would have to

substantially deviate from their baseline valués for a scenario to

exist in which ACDF was CE compared with ¢TDR. For example,
thie cTDR complication rate would need: to increase by >6281%
of the base case value. In several instarices, such as with ACDF
complication rates or altering QALY values for disability health
states, despite maximal modificarion and/or ranges, (ic, 0 infinity),

it was not feasible to create 2 CE scenario for ACDF vs cTDR. The

authors contend that this comprehensive sensitivity analysis

 provides adequate reassurance regarding the generalizability of

our model and conclusion.

CONCLUSION

"I'his study is the first to report the comparative CE of cTDR and

ACDF for 2-level DDD at 5 years. It is also the first surgical CUA
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to include work persistence as part of an extensive RTW analysis
for measuring societal impact.. The results appear generalizable
after an extensive scnsitivigy analysts demonstrates consistency
with similar investigations.*?® Therefore, the authors conclude
that for patients with 2-level DDD, ¢TDR is not only a highly
cost-effective surgical modality compared with ACDF, but, at 5
years, it is the dominant modality. In a rapidly changing medical
climate with emerging practice paradigms such as pay for
performance and. value-based purchasing, surgeons and payers will
naturally gravitate toward these analyses. In addidon, as the
health care system becomes mote informed in an established
setting of scarce resources and increasing expenses, sustainable
surgical technologies that improve quality of life while saving
costs require serious attention.

Disclosures

LDR Spine provided a consulting honorarium o analyze their RCT data for the
purposes of health care economics and cost-effective analysis and tnstitutional research
support for this work. Dr Ament is a consultant for LDR Spine and received funding
to support data arialysis and preparation of the manuscript. Dr Storie has teceived
instirutional funding from LDR for cost data collection for this project and
institutional funding for the randomized controfled trial {RCT) and ather Mobi-C
related research. Dr Nunley received institutional funding from LDR for cost data
collection for this manuscripe and is a paid consultint for training sirgeons in the use
of the Mobi-C disc, and is a patent holder for K2M and LDR Spine {specifically for the
ROI-A anterior lumbar interbody fusion cage). Dr Kiin teceives royalries for LDR
Spine. The other authors have no personal, financial, or institutional interest in any of
the drugs, materials, or devices described in this article.

REFERENCES

1. Hisey MS, Bae HW, Davis R, et al. Multl-center, prospective, randomized,
controlled investigational device exemption clinical trial comparing Mobi-C
Cervical Armificial Disc to anterior discectomy and fusion in the treatment of

symptomatic degenerative disc disease in the cervical spine. [nt J Spine Surg. 2014;
8: doi: 10.14444/1007. eCoilection 2014,

2. Heller JG, Sasso RC, Papadopoulos SM, ct al. Comparison of BRYAN cervical disc
arthroplasty with anverior cetvical decompression -and fusion: clinical - and
tadiographic results of a randomized, controlled, clinical tehal, Spine (Philz Pa
1976), 2009;34(2):101-167.

3. McAfee PC, Reah C, Gilder K, et al. A meta-analysis of comparative outcomes
following. cervical arthroplasty or anterior cervical fusion; Resulss from 4
Prospective Muiticenter Randomized Clinical Trials and Up to 1226 padents.
Spine (Phila Pa 1976). 2012;37(11):943-952.

4. Mummaneni PV, Burkus JK, Haid RW, et al. Clinical and radiographic analysis of
cervical disc arthroplasty compared with allograft fusion: & rmndomized controlled
clinical trial. J Newrosurg Spine. 2007;6(3):198-209. )

10 { VOLUME 0 | NUMBER O | MONTH 2016

5. Zigler JE, Delamarter R, Murtey D, et al. ProDisc-C and anterior cervical
discectomy and fusion as surgical treatment for single-level cervical sympromatic
degenerative disc discise; five-year results of a Food and Drug Administration
study. Spine (Philz Pa 1976). 2013;38(3):203-209,

6. Fallah A, Akf EA, Bbrahim 5, et al. Anterior cervical discectomy with arthroplasty
vetsus arthrodesis for single-level cervical spondylosis: a systematic review and
meta-analysis, PLaS One, 2012;7(8):e43407.

7. Pimenta L, McAfee PC, Cappuiccino A, ex al, Clinical expencnrz with thc new
artificial cervical PCM (Cervitech) disc. Spine /. 2004:4(6 suppl): 3155-3218.

8. McAnany 5], Overley S, Baird EO, et al. Thic 5-year cost-effectiveness of anterior
cervical discectomy and fusion and cervical dise replacement: a Markov analysis.
Spine (Phila Pa 1976). 2014;39(23):1924-1933.

9. Davis Rf, Nunley PD, Kim KD, et al, Two-level total disc replacement with Mobi-
C cervical artificiat disc versus anterios discectomy and. fusion: a prospective,
randomized, controlled multicenter clinteal trial with d:year follow-up rcsults J
Newrosurg Spine. 2015;22(13:15-25.

18. Ament JD, Yang Z, Nunley P, Stone MB, Kim KD, Cost-effectiveness of cervical
toral disc replacement vs fusion for the ucatment of 2-level sympromatic
degenerative disc discase. JAMA Surg. 2014;149(12):1231-1239.

11, Sarich M, Prinz JH, Schiitte C. Matkov mode! theory. Ade Exp Med Biol 2014;
797:23-44.

12, Weinstein MG, Siegel JE, Gold MR, et al. Recommendations of the Panel on
Cost-effzctiveness in Health and Medicine, JAMA. 1996;276{15):1253-1258.

13, National Vital Seatistics Report (NVSR) *Deaths: Final Data for 2013.” The
Complese Version of this Repore (NVSR Volume 64, Number.2). Available ar:
heeps/ fwrww.cde. govlnchs!datalnvst!nvsr64lnvsr64 02 pdf Accessed _]anuary
2%, 2015.

14. Nasionial Average Wage Index. Social Security Administtation, Avaxlab[c at: hups:
Hrwrwrw.ssa.govioact/colaf AW T kitm], Accessed December 21, 2014,

15. SF-GD. Healih Econsmics and Decision Science. The University of Sheffield.
Available ar:  heep:/fwww.shefac.ukfschart/sections/hieds/mvh/sF6d.  Accessed
Seprember. 21, 2015.

16. Ament JD, Yang Z, Chen Y, Green RS, Kim KD, A novel qua]:ty of life ucilicy
index in patients with multllevel cervical degencrative disc disease: comparison oft

anterior cervical discectomy and fusion with total disc replacement: Spine (Phils Pa
1976}, 20155 40(14) 1072-1078. . )

17. Mark ® C igl Claims and Ei v and Medicare Suppl {
Databases. Available at: hesp:/fredbook.com/redbookfawp//.. Aocessed J:muary 6,
2015,

18. Medical Consumer Price Index. Bureaw af Labor Stasisiics. Washingron, DC:
United States Deparement of Labor; 2014. Available av: hetp:/fwww.bls.
gov/cpi/cpifactd.hem. Accessed May 14, 2014,

19. Claxton K. Exploting uncertainty in cost-effectiveness ana]ys:s Pbdmm‘am:mmm
2008;26(9):781-798.

20, Qureshi SA, McAnany S, Goz V, Kochler SM, Hecht AC. Cost-eﬂ'ecnvcness
analysis: comparing single level cervical disc replacement and single-level antetior
cervical discectomy and fusion: clinical amcle J Neurdsurg Spme 2013;19(5):
546-554.

Supplemental digital content is avaslabic for this anicle. Direct URL citavions
appear in the printed text and are provided in the HTML and PDF versions of this
asticle on the journal’s Web site (wwonewrasrgery-online.com).

www.neurésurgery-online.com

f:



