ClinicoEconomics and Outcomes Research

Dovepress
open access to scientific and medical research

ClinicoEconomics and Outcomes Research downloaded from https://www.dovepress.com/ on 10-Jan-2023
For personal use only.

Open Access Full Text Article

ORIGINAL RESEARCH

Cost-Effectiveness of Peptide Enhanced Bone
Graft i-Factor versus Use of Local Autologous
Bone in Anterior Cervical Discectomy and Fusion
Surgery

Bart Thaci 1
Randy Yee 2
Kee Kim 1
Amir Vokshoor 2–4
J Patrick Johnson 5
Jared Ament 2–5
1
University of California, Davis,
Sacramento, CA, USA; 2Neuronomics
LLC, Los Angeles, CA, USA;
3
Neurosurgery & Spine Group, Los
Angeles, CA, USA; 4Institute of Neuro
Innovation, Santa Monica, CA, USA;
5
Cedars Sinai Medical Center, Los
Angeles, CA, USA

Study Design: We conducted decision analytical modeling using a Markov model to
determine the ICER of i-factor compared to autograft in ACDF surgery.
Objective: The efficacy and safety of traditional anterior cervical discectomy and fusion
(ACDF) surgery has improved with the introduction of new implants and compounds. Costeffectiveness of these innovations remains an often-overlooked aspect of this effort. To
evaluate the cost-effectiveness of i-FACTOR compared to autograft for patients undergoing
ACDF surgery.
Methods: The patient cohort was extracted from a prospective, multicenter randomized
control trial (RCT) from twenty-two North American centers. Patients randomly received
either autograft (N = 154) or i-Factor (N = 165). We analyzed various real-world scenarios,
including inpatient and outpatient surgical settings as well as private versus public insur
ances. Two primary outcome measures were assessed: cost and utility. In the base-case
analysis, both health and societal system costs were evaluated. Health-related utility outcome
was expressed in quality-adjusted life years (QALYs). Cost-effectiveness was expressed as
an incremental cost-effectiveness ratio (ICER).
Results: In all scenarios, i-FACTOR reduced costs within the first year by 1.4% to 2.1%.
The savings proved to be incremental over time, increasing to 3.7% over an extrapolated 10
years. The ICER at 90 days was $13,333 per QALY and became negative (“dominated”)
relative to the control group within one year and onwards. In a threshold sensitivity analysis,
the cost of i-FACTOR could theoretically be increased 70-fold and still remain cost-effective.
Conclusion: The novel i-FACTOR is not only cost-effective compared to autograft in
ACDF surgery but is the dominant economic strategy.
Keywords: cost-effectiveness, i-factor, spine fusion, spine allograft, cervical spondylosis,
anterior cervical discectomy and fusion, cost analysis, decision analysis
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Cervical spondylosis is the most common cause of myelopathy and upper extremity
radiculopathy. Anterior cervical discectomy and fusion (ACDF) interventions have
doubled over the previous decades and this trend is likely to continue as the
population ages.1 Current technological advances in biomaterials are shaping the
future of surgical techniques. The ACDF procedure was first described by Cloward2
and Smith & Robinson3 six decades ago using autologous iliac crest bone graft
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(ICBG) and a lot has changed since. In the last two
decades there has been increasing interest in biological
grafts, the properties of natural and synthetic substitutes,
and how alternatives to the traditional iliac crest autolo
gous graft harvest can be safely used to accelerate healing
and fusion. The debate comparing autologous bone, allo
grafts, stem cells, and the highly cited and now debarred
bone morphogenetic proteins (BMPs) for cervical spinal
fusion4,5 is prevalent in the medical literature and omni
present at national and international academic conferences.
Efficacy and cost-effectiveness are the pillars on which we
need to make our choices.
Recently, i-FACTOR® Peptide Enhanced Bone Graft,
a novel anorganic bone matrix (ABM) containing
a synthetic 15 amino acid cell-binding peptide (P-15 pep
tide) has been proposed as an alternative. Originally, this
technology was approved by the FDA to promote bone
formation in periodontal defects due to its properties to
enhance
cell
proliferation,
differentiation
and
6–8
Notably, i-FACTOR, unlike bone mor
osteogenesis.
phogenetic protein, does not induce ossification in soft
tissues. In a study, Arnold et al,9 demonstrated
i-FACTOR to be comparable to local autologous bone
for fusion rates and statistically superior in overall clinical
success in patients undergoing ACDF surgery. Despite
promising results, our healthcare system is constantly
being taxed by a growing number of aging individuals
and it remains critical that innovation be appropriately
assessed for cost and sustainability.
Two approaches are commonly used to conduct a costeffective analysis (CEA) in healthcare: simple incremental
calculation or decision analytical modeling.10 A major draw
back of the cost-accounting approach is its inability to
describe relationships between clinical events, which
impedes the prediction of how parameters change relative
to one another. The purpose of this study was to perform
a CEA via decision analytical modeling using a Markov
method to evaluate the cost-effectiveness of i-FACTOR
compared to autograft for patients receiving ACDF surgery.

Methods
Model Design
Patient informed consent and Institutional Review Board
authorization was not required for this study since the
patient cohort was extracted from a published prospective,
multicenter randomized control trial (RCT).9,11 Included
patients were randomized preoperatively to receive the
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ACDF structural graft either packed with local autologous
bone (n=154) or with i-FACTOR (n=165). The additional
device cost of i-FACTOR is assumed to be $750 compared
to the $0 direct cost for autograft control. The primary
time horizon used to estimate cost and health utility was
two years. Additional post-operative periods examined in
this analysis included 90 days, one year, six years, and 10
years.
The analysis was conducted to assess two principal
outcome measures: cost and utility, in accordance with
the Second Panel on Cost-Effectiveness Health and
Medicine convened by the United States Public Health
Service.12 For the former, we adopted two commonly
employed perspectives - societal and health system - as
our base case cost assessment. The health system perspec
tive accounts for direct medical costs alone, whereas the
societal perspective accounts for both direct and indirect
costs. Indirect costs are often referred to as productivity
loss. Direct medical costs included operating room time,
hospital stay, post-operative medications, follow-up visits
(scheduled and unscheduled), surgery-related complica
tions, device-related complications, and subsequent sur
geries following such complications. Productivity loss
was defined as lost workdays. Productivity loss was not
computed for retired patients. All cost items were adjusted
for inflation to 2019 dollars per the US medical care
Consumer Price Index (CPI) (https://www.bls.gov/news.
release/pdf/wkyeng.pdf).
Health related utility outcome was expressed in qual
ity-adjusted life years (QALYs). The base case analysis
utilized SF-36 data from the RCT, transforming this into
weighted utilities based on SF6D. Both cost and QALY
outcomes were discounted at a yearly rate of 3% to reflect
their present value. The cost-effectiveness outcome mea
sure was calculated as the incremental cost-effectiveness
ratio (ICER) for i-FACTOR compared to autograft. By
definition, an ICER is the difference in cost divided by
the difference in QALY for two interventions. A value
under the commonly accepted US-based willingness-topay (WTP) threshold of $100,000 per QALY was consid
ered cost-effective for i-FACTOR compared to autograft.
Secondary thresholds, such as $50,000 per QALY and
$150,000 per QALY were also examined.

Health States
To determine overall functional status of the RCT9,11
cohorts, five health states were constructed by regressing
visual analog scale (VAS) on Neck disability index (NDI).
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Multiple VAS measurements were obtained in the original
trial (ie shoulder, arm, neck). We used a mean VAS score
for the analysis. The combined VAS score was found to
have strong correlation (Pearson’s product-moment corre
lation: 0.797; p < 0.001) with NDI. The creation of health
states is depicted in Supplementary Figure 1.

Markov Model Development
A cohort Markov model (Figure 1) was constructed to
analyze peri-operative and post-operative costs and
QALYs for both i-FACTOR and autologous bone
cohorts. Each health state was associated with different
costs and utilities. A sixth health state was created to
represent “death”, accounting for US age-specific allcause mortality (ie, an absorbing Markov state).
Patients were redistributed across the six Markov states
in each Markov cycle, attempting to parallel the postoperative course on a population level. The process of
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redistribution was controlled by two factors: (1) the
preoperative distribution of health states; and, (2) the
transition probabilities between the health states
(Supplementary Tables 1 and 2).

Transition Probability Parameters
To better capture postoperative recovery, which is usually
more dramatic and exponential in nature during the initial
6-weeks of follow-up compared to later periods, the model
was designed with different cycle lengths. It began with
1.5-month cycles increasing to 3-month cycles after the
3-month follow-up visit; and then 6-month cycles from the
12-month follow-up visit onwards.
Work status was extracted from the RCT. Work status
was categorized into “work with no restriction”, “work
with few restrictions”, “work with many restrictions”,
“unable to work”, and “not working for unrelated reasons”
(ie unemployed, student, or retired).

Figure 1 Markov model depicts patient’s health and work status at each follow-up period. Each node represents transition to health states associated with different costs
and utility scores.
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Lastly, we considered four postoperative clinically perti
nent events: 1) reoperations related to index surgery; 2)
reoperations related to i-FACTOR failure; 3) reoperations
related to subsequent surgery; and, (4) other types of com
plications. All complications have associated time-specific
probabilities associated with level of severity (Table 1).

Direct Costs
Direct surgical costs were taken from Medicare and pri
vate payer data. The base case model utilized a 50:50 split
of Medicare and private payer rates to better reflect
a realistic patient population. Supplemental procedures
(office visits, physical therapy, etc.) were also considered
in the model (Table 2).
Descriptive statistics for i-FACTOR found that amount
of graft used per procedure was 1cc or less for 88.9%; 2cc
for 8.6%; and 5cc for 2.5%. The base case model therefore
assumed the 1cc price of $750. However, alternative sce
narios were presented in the sensitivity analysis.
Medication use were extracted from RCT data. We calcu
lated average monthly medication costs for each health
state (Supplementary Table 3). Prices were found for
each medication using Micromedex’s RED BOOK.

Indirect Costs
Productivity loss is based on work status reported in the
trial and was determined for each postoperative time point.
In the Markov model, we translated work status into
percentage of work time. The states: “work with no restric
tion”, “work with few restrictions”, “work with many
restrictions”, and “unable to work” were associated with
100%, 70%, 30%, and 0% work time, respectively. We
applied 2019 US national average annual wages to calcu
late productivity loss associated with health state transi
tions over time. Productivity loss is included in the
scenarios analyzed from a societal perspective
(Supplementary Table 4).

Base Case Scenario and Sensitivity
Analysis
Quality of life estimates were converted from SF36 scores
using Sheffield University’s SF-36/SF-6D scoring algo
rithm (Supplementary Table 5). We constructed the base
case scenarios with a set of assumptions: 1) index surgery
performed as inpatient with i-FACTOR cost was $750.00
greater than control (weighted with RCT distribution); 2)
direct costs were calculated using a 50:50 mix of inpatient
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Medicare rates and private rates; and 3) horizon in which
costs and benefits accrued was two years. Since the above
assumptions can affect outcome, we also performed vary
ing scenarios sensitivity analyses, assuming an entire inpa
tient or outpatient setting and complete Medicare versus
private payer cohorts. One-way sensitivity analysis
(OWSA) was used to identify the parameters associated
with the greatest uncertainty and influence on our conclu
sions. Each parameter was varied by ±20% of its base case
value. The OWSA was performed by varying each of the
52 input parameters individually (including initial surgery/
complication/medication costs, complication probabilities,
and utility values).
In the probabilistic sensitivity analysis (PSA), all input
parameters (including 52 parameters tested in OWSA and
350 health state transition probabilities) were varied simul
taneously to assess cost-effectiveness outcomes in
response to collective parameter uncertainty. Probability
and utility variables were randomly sampled based on 1)
the statistics derived from the data; and, 2) cost variables,
those variables that were not derived from the trials are
sampled from Gamma distributions with standard devia
tions being 15.3% (~30%/1.96) of their base case values.
Cost-effectiveness outcomes were calculated for each
iteration of random sampling. The results presented were
based on A 5,000 iteration Monte Carlo simulation.

Results
The majority of patients (92%) began with high NDI and
VAS scores, thereby classifying them into the two worst
health states (Table 1). There was a non-significant advan
tage in complication rates for the i-FACTOR group and
also lower rates of return surgeries.
The direct health system costs perspective demon
strates that at 90 days, the i-FACTOR group costs were
only marginally increased by $80 (0.25%) compared to the
control group (Table 3). In contrast, within a year, the cost
difference favored the i-FACTOR by $968 (2.1%).
Notably, in the base case analysis, the ICER at 90 days
was $13,333 per QALY and became negative (“domi
nated”) relative to the control group at one year and
onwards.
In the societal perspective, i-FACTOR reduced costs
by $49 in 90 days, suggesting economic dominance. The
savings were incremental over time, reducing costs from
1.4% within the first year to 3.7% at an extrapolated 10year interval (Table 3). Differences in work status between
groups were minimal. At 2-years, 84.9% of patients in the
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Table 1 Probability of Complications Depending on Preoperative Health Care Status
Parameters

Period

Value

1. Health state before index operation

All

Mild
Moderate

< 0 (Initial State)
< 0 (Initial State)

1%
7%

Severe

< 0 (Initial State)

24%

Crippled
Bedbound

< 0 (Initial State)
< 0 (Initial State)

40%
29%

Source

RCT

2. Probability of Complication (related Surgical or Device)

None

All Time

Control
0.834

i-Factor
0.844

Minor

All Time

0.145

0.137

Major

All Time

0.021

0.019

RCT

3. Probability of Action Following Complication

Minor to Conservative Care

>1 (Postop +)

Control
0.920

i-Factor
0.942

Major to Conservative Care
Minor to Surgery

>1 (Postop +)
>1 (Postop +)

0.198
0.080

0.269
0.058

Major to Surgery

>1 (Postop +)

0.802

0.731

Control
0.016
0.007
0.016

i-Factor
0.010

2YR - 2YR +

0.009

0.010

9M - 1YR
1YR - 18M
18M - 2YR

0.007
-

-

2YR - 2YR +

0.014

0.020

-

0.010

0.007

-

-

0.010
-

18M - 2YR
2YR - 2YR +

0.014

0.020
0.010

9M - 1YR
1YR - 18M

0.008
-

0.010
-

18M - 2YR

0.031

0.020

2YR - 2YR +

0.012

0.020

RCT & recommended action for each recorded complication

3. Probability of Subsequent Surgeries

Revision

Removal

Reoperation

9M - 1YR
1YR - 18M
18M - 2YR

9M - 1YR
1YR - 18M
18M - 2YR
2YR - 2YR +

Supplemental Fixation

Other

9M - 1YR
1YR - 18M

i-FACTOR group had few or no limitation at work as
compared to 83.5% in the control group (Supplementary
Table 4). In all scenarios, the ICER for i-FACTOR was
significantly lower than the US WTP threshold of
$100,000 per QALY.
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Net monetary benefit was also analyzed based on will
ingness-to-pay thresholds per unit of benefit (ie, QALY).
At one year and a WTP threshold of $100,000/QALY,
i-FACTOR saved $3,018 of direct cost and $2,899 of
indirect cost (Supplementary Table 6). Complication rates
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Table 2 Direct Surgical Costs
1 Ancillary Procedure

DRG/CPT

Medicare

Private

MRI Cervical Spine
CT Cervical Spine

72,141
72,125

$224.16
$188.68

$1,101.00
$191.00

Epidural steroid injection

62,320

$102.71

$117.00

Physical therapy
Office Visit

97,110
99,214

$81.01
$51.90

$227.00
$109.00

DRG 473
APC 5115

$13,102.90
$9,912.69

$21,350.00
$16,151.84

2 Index Operation
Facility fee
Outpatient Fee
Neck spine fusion below c2

22,551

$1,789.70

$1,951.00

Device
Insert spine fixation device

22,854
22,845

$352.46
$768.71

$546.00
$2,760.00

Structural allografts

20,931

$117.49

$125.00

77,003
1cc; 2.5cc; 5cc

$99.83

$204.00
$575; $1226; $2090

DRG 472

$18,263.96

$29,759.48

471
22,830

$34,294.86
$851.24

$55,880.39
$433.00

Fluoroscopy
i-Factor

3 Revision, removal, fixation, or reoperation of ACDF
Facility fee
Exploration of Spinal Fusion
Removal Spine Fixation Device

22,855

$1,160.10

$1,890.28

Neck spine fusion below c2
Device

22,551
22,854

$1,789.70
$352.46

$1,951.00
$546.00

Insert spine fixation device

22,845

$768.71

$2,760.00

Structural allografts
Fluoroscopy

20,931
77,003

$117.49
$99.83

$125.00
$204.00

based on the RCT data indicated a trend toward fewer
complications in the i-FACTOR group as compared to
control, 15.2% vs 16.2% respectively, at two years
(Supplementary Table 7). As a result, there was

a statistically non-significant greater requirement for sub
sequent surgical intervention in the control group at 90
days (2.81% versus 2.16%; Supplementary Table 8). This
led to overall superior health states in the i-FACTOR

Table 3 Base Case Results with Medicare and Private Rates (Both Perspectives)
Time Horizon

i-Factor

b

∆QALYc

ICER d, $ per QALY

QALY

Cost

QALY

90 Day
1 Year

$32,283.00
$46,029.00

0.1999
0.7789

$32,203.00
$46,997.00

0.1939
0.7584

$80.00
-$968.00

0.006
0.0205

$13,333.33
Dominant

2 Year (Base Case)

$55,706.00

1.424

$57,389.00

1.3856

-$1,683.00

0.0384

Dominant

$74,678.00
$128,475.00

2.6458
5.7838

$77,805.00
$135,861.00

2.5641
5.5599

-$3,127.00
-$7,386.00

0.0817
0.2239

Dominant
Dominant

$35,374.00
$57,970.00

0.1999
0.7789

$35,423.00
$58,819.00

0.1939
0.7584

-$49.00
-$849.00

0.006
0.0205

Dominant
Dominant

6 Year (Extrapolated)
10 Year (Extrapolated)
Societal

∆Cost

a

Cost
Health systems

Control

90 Day
1 Year
2 Year (Base Case)
6 Year (Extrapolated)
10 Year (Extrapolated)

$78,646.00

1.424

$80,307.00

1.3856

-$1,661.00

0.0384

Dominant

$117,494.00
$222,178.00

2.6458
5.7838

$120,959.00
$230,822.00

2.5641
5.5599

-$3,465.00
-$8,644.00

0.0817
0.2239

Dominant
Dominant

Notes: aIncludes P-15 cost in the initial surgery. b∆Cost = P-15 cost - Control cost. c∆QALY = P-15 QALY - Control QALY. dICER = ∆Cost/∆QALY; “Dominant” indicates
that i-Factor costs less while yielding a higher QALY.
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Table 4 Scenario Sensitivity Analyses: Cost-Effectiveness of P-15 vs Control in Alternative Scenarios

Alternative Surgical
Settings

Alternative Payment
Compositions

Cost, per Patient

QALY, per

(i-Factor)

Patient

∆Costa

∆QALYb

ICERc

NMBd

1 50% Medicare, 50% Privately Insured
100% Inpatient
(Base Case)

$55,706.00

1.424

-$1,683.00

0.0384

-$43,828.13

$3,603.00

50/50 Inpat/
Outpat

$51,567.00

1.424

-$1,683.00

0.0384

-$43,828.13

$3,603.00

100% Outpatient

$47,428.00

1.424

-$1,683.00

0.0384

-$43,828.13

$3,603.00

2 All at Medicare Rates
100% Inpatient

$42,644.00

1.424

-$1,128.00

0.0384

-$29,375.00

$3,048.00

50/50 Inpat/

$39,594.00

1.424

-$1,128.00

0.0384

-$29,375.00

$3,048.00

$36,543.00

1.424

-$1,128.00

0.0384

-$29,375.00

$3,048.00

Outpat
100% Outpatient

3 All at Private Insurer Rates
100% Inpatient

$68,767.00

1.424

-$2,239.00

0.0384

-$58,307.29

$4,159.00

50/50 Inpat/

$63,540.00

1.424

-$2,239.00

0.0384

-$58,307.29

$4,159.00

$58,312.00

1.424

-$2,239.00

0.0384

-$58,307.29

$4,159.00

Outpat
100% Outpatient

Notes: a∆Cost = i-Factor cost - Control Cost. b∆QALY = i-Factor QALY - Control QALY. cICER = ∆Cost/∆QALY; “Dominant” indicates that i-Factor costs less while
yielding a higher QALY. dNMB = ∆QALY *WTP threshold ($100,000) - ∆Cost. Same value as top line values in the section.

group (Supplementary Table 9). A total of 63% of patients
in the i-FACTOR group had “minimal deficits” at two
years compared to 51.55% of the control cohort.

Sensitivity Analysis
The base case scenario assumed all procedures to be
inpatient with a 50:50 distribution between Medicare and
private insurance. This resulted in a $1,683 cost advantage
for the i-FACTOR group (Table 4). Having a 50:50 dis
tribution between inpatient and outpatient procedures did
not alter the cost advantage for i-FACTOR (Panel 1,
Table 4). This advantage remained even if all initial sur
geries were outpatient. The i-FACTOR strategy dominated
over the control in all the above scenarios, yielding an
ICER of negative $43,828 per QALY.
Payer type scenarios were also examined (Panel 2,
Table 4). In pure Medicare or private payer scenarios,
i-FACTOR remained the dominant cost-effective strategy
with ICERs of -$29,375 and -$58,307 per QALY,
respectively.
Due to inherent uncertainties in the base case analysis,
the OWSA results were presented in descending order of

ClinicoEconomics and Outcomes Research 2021:13

impact on cost-effectiveness (Supplementary Figure 2).
The ICER consistently fell below the $100,000 WTP
mark for most parameters. The greatest impact on the
ICER and NMB were the “non-serious complication prob
abilities”. The PSA demonstrated i-FACTOR to be costeffective in greater than two-thirds of the 5000 iterations
(Figure 2A). As WTP increased from 50,000 to 100,000,
favorable simulations increased from 66% to 75%
(Figure 2B). Similarly, in the threshold analysis, the most
conservative estimate limited the i-FACTOR price to
$1,877 (in the “all privately insured; all hospital inpatient”
scenario) at a WTP threshold of $50,000 per QALY. This
represents a 250% increase in the current price. At a WTP
threshold of $100,000 per QALY, assuming all procedures
to be inpatient with a 50:50 distribution between Medicare
and private insurance, the cost of i-FACTOR could theo
retically be increased 70-fold while maintaining cost effec
tiveness (Supplementary Table 10).

Discussion
In this landmark study, i-FACTOR was clearly costeffective compared to local autograft in ACDF surgery.
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Figure 2 (A) Cost-effectiveness scatter plot representing 5,000 simulated iteration of input parameter variations. The resultant difference in increments of cost vs
effectiveness is illustrated. Simulation points below the WTP line indicate cost-effectiveness. (B) Cost-effectiveness acceptability curves created based on the sensitivity
analysis scatter plot. Percentages of iterations achieving cost-effectiveness are plotted for either group based on willingness-to-pay thresholds.
Abbreviation: WTP, willingness-to-pay.
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Arguably, the choice of bone graft plays a critical role in
ACDF surgery. This decision takes into consideration
numerous variables, such as patient age, bone quality,
smoking status, comorbidities, and number of levels.
Understandably, local autograft has been the gold standard
for decades. This sentiment, however, is largely based on
expert opinion, a cursory understanding of pecuniary
implications, short follow-up, and anecdotal data.
Furthermore, there is frequently insufficient local bone to
adequately fill an interbody cage, meaning a substitute or
extender is often used. Randomized controlled trials have
increasingly assisted surgeons, patients, and payers in
deciding safety, efficacy, and cost-effectiveness.10
Despite this, highly detailed CEAs comparing novel tech
nologies to presumed standards are limited. i-FACTOR
has already demonstrated safety and improved outcomes
compared to local autograft.11,13–15 This comprehensive
cost-effective analysis was the critical next and necessary
step, providing clear support for a better alternative to
autograft.
The evolution of ACDF has been remarkable. Use of
autologous iliac crest bone graft fell out of favor due to
local pain and complications, but also due to increasing
availability of alternative grafts believed to provide similar
efficacy while reducing operative times. Prior research
demonstrated that ACDF with allograft yielded a costutility benefit of $496 per QALYs over ACDF with
autograft.16 In our model, i-FACTOR proved superior to
autograft with an ICER of $13,333 per QALY at 90-days,
well below the commonly accepted $100,000 per QALY
WTP ceiling. The ICER became negative thereafter, sug
gesting economic dominance, a notion that greater benefit
is afforded at less cost.
Despite numerous bone graft products available on the
market today, until i-FACTOR, only bone morphogenetic
protein (rhBMP2) had been supported by Level 1 clinical
data.17–19 The benefits of rhBMP2 as a biologically super
ior conduit for new bone formation and fusion highlighted
the potential in this space. In early studies, it was felt that
the significant upfront cost of rhBMP2 were offset by
lower rates of recurrent surgery.19 Unfortunately, over
time, the increased risk of local hematoma, ectopic bone
formation, seroma, and swelling, led to a decrease and
virtual cessation of its use in cervical spine surgery.5 In
contrast, the latest RCT data11 complemented by this CEA,
suggests that i-FACTOR offers an optimal solution. As
shown previously, both i-FACTOR and autograft groups
were anticipated to have fusion rates of greater than 90%
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at two years.11 Similarly, the risks of minor complications
were not significantly different despite the autograft group
having more re-interventions (Supplementary Table 8).
The averaged weighting of this complication difference
is best illustrated in the ICER tornado diagram
(Supplementary Figure 2). To ensure the robustness of
the model, it was rigorously tested in different clinical
and payer settings and all demonstrated costeffectiveness and NMB gains, even at unrealistically low
WTP-thresholds of $50,000 per QALY (Table 4 and
Supplementary Table 6). To further support this conclu
sion, a threshold analysis suggested that i-FACTOR fell
well below current pricing and societal tolerances
(Supplementary Table 10). At its current price,
i-FACTOR remains less than half the average cost for
rhBMP2 while achieving similar fusion rates with fewer
complications.19
It is critical that this analysis be considered in the
context of its limitations. As with other complex statis
tical approaches, the Markov model is conditional on the
present state alone; future and past events are indepen
dent. With disease processes, it is rarely plausible to
assume that a patient’s transition to another health state
was entirely independent of a previous health state. The
model also assumed that surgical cohorts began in similar
health states, which is likely acceptable because of the
trial randomization and nonsignificant differences in
baseline characteristics. We also recognize that some
cost data were not ascertainable. As it is problematic to
use hospital charge data to conduct a cost-effective ana
lysis, we used Medicare and Humana DRG/APC rates as
representations of public and private payers. As a result,
differences in parameters (such as operating room time
and length of stay) were not captured. Medication-related
costs were estimated from the average wholesale price
(0.85), as updated Medicare average sales prices are not
publicly available. Although this estimate is considered
appropriate, it is impossible to determine if it overesti
mated or underestimated costs for both groups.
Productivity loss was also a significant contributor to
cost, but this analysis was unable to include factors such
as transportation costs, caregiver time/responsibilities,
and educational days missed. Lastly, the authors have
disclosed a conflict of interest since the analysis of the
IDE RCT data that contributed to this study was funded
by industry. The authors feel confident, however, that
their analysis, interpretation of the data, and creation of
this manuscript was independent of industry and that this
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ultimately mitigates bias and provides appropriate
equipoise.
Despite these limitations, the data supporting
i-FACTOR’s use in ACDF surgery appears compelling.
This novel drug-device combination product (P-15 peptide
and ABM) achieves fusion rates similar to autograft with
a statistically significant increase in overall clinical suc
cess, thereby mitigating direct and indirect costs.
A dominant economic strategy is a rarity in healthcare.
The novel i-FACTOR is highly cost-effective early and
quickly achieves economic dominance in almost all sce
narios tested. In the emerging and rapidly expanding field
of value-based medicine there will be an increased demand
for these analyses, ensuring surgeons are empowered to
make the best, most sustainable, solutions for their patients
and for society.
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