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Abstract

Objective: Few studies have evaluated the cost effectiveness associated with lumbar microdiscectomy. The
outcome data used in this analysis was from a prior randomized controlled trial (RCT) demonstrating that the use of a
cryopreserved amniotic membrane (cAM) reduced the incidence of repeat procedures and improved outcomes vs. the
standard of care (SOC). The purpose of this analysis was to cost out the procedural data associated with the outcomes
from this RCT for cAM and then to evaluate the cost effectiveness of this alternative compared to every day practice.

Methods: The direct costs of care for patients undergoing lumbar microdiscectomy were modeled using Medicare
2017 national average reimbursement. TreeAge Pro 2018 software was used for the decision tree analysis over a 2
year period. The assumed cost of cAM was $500 US. The probabilities of events were derived from the published
literature, including repeat surgery from recurrent disc herniation. The effectiveness outcome evaluated was the
Ostwestry Disability Index, as evaluated in the RCT and from published literature. One-way sensitivity analysis was
conducted along with Monte Carlo simulation.

Results: The use of cAM was the least costly alternative over 2 years by $343 vs. SOC ($12,417 vs. $12,760).
One-way sensitivity analyses found the following variables had the greatest effect on the decision to use SOC vs.
cAM (based on costs alone): incidence of revision surgery due to recurrent disc herniation for cAM (>6.8%) and SOC
(<7.5%); cost of cAM (>$843); cost of an inpatient repeat procedure of <$8,408. In Monte Carlo simulation, cAM
dominated 53% of the time.

Conclusion: Based on a lower incidence of repeat procedures and an improved ODI, cAM can be a cost effective
alternative when compared to SOC. In today’s environment of US value based reimbursement, the use of cAM may

hold promise.

Keywords: Cost effectiveness; Lumbar micro discectomy; Cryopreserved
amniotic membrane

Abbreviations: APC: Ambulatory Payment Classification; C: Cost;
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Introduction

Lumbar micro discectomy (LMD) is a treatment alternative for
lumbar disc herniation (LDH). However, complications such as lumbar
radiculopathy and recurrent disc herniation can occur in up to 25%
of patients [1] with reoperation rates reported in the 7% - 25% range
[2-6] commonly over a 2 year period. Residual back pain and lumbar
radiculopathy have been reported more frequently for patients requiring
revision surgery [3]. Additionally, revision LMD’s have been associated
with a higher rate of adverse events and complications compared to
initial surgery [7]. Thus, recurrent disc herniation following LMD
continues to remain an issue.

Cryopreserved amniotic membrane (cAM) is derived from
placental tissue from healthy caesarian births post-delivery. The tissue
origin of cAM is isolated from the amniotic membrane layer of the
placenta which surrounds the fetus during fetal development [8]. cAM
has anti-inflammatory properties which have made it useful in wound
healing [9,10], ophthalmology [11], and in burn treatment [12]. cAM’s

application to burns and radiation therapy (radiation burns) has also
demonstrated reductions in pain [12-14].

Recently, a randomized controlled trial (RCT) reported the use of
cAM in LMD [15]. In this study, cAM tissue was placed into the annular
defect at the conclusion of LMD surgery for patients randomized to
this treatment group. This study demonstrated that cAM-treated patient
had improved outcomes vs. control patients treated with standard of
care (SOC) as measured by various instruments which included: the
Oswestry Disability Index (ODI) [a specific instrument measuring a
patient’s functional disability [16], the Short Form-12 (SF-12) health
survey questionnaire, and the 10 cm Visual Analog Pain Scale (VAS)
at various time points over a 24 month time period [15]. At the 2-year
follow up time point, none of the patients treated with cAM had
sustained a recurrent disc herniation at the same level; whereas 7.5%
of those in the SOC group had required revision surgery for recurrent
herniation at the level of initial treatment [15].
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It is the intention of this analysis to examine the cost effectiveness
over 2 years between SOC and cAM treatment following LMD using
data derived from this RCT and from published systematic reviews and
meta-analyses (for SOC). A two year timeframe was chosen, as the
recurrent operation rates for LMD have been the most widely reported
in Dohrmann and Mansour study [17] and; from which the RCT was
evaluated.

Materials and Methods

A Markov model analysis (using TreeAge Pro 2018) was
undertaken comparing the direct treatment costs over time, outcomes
(using the ODI) and probabilities of recurrent herniation using cAM vs.
control for patients requiring LMD (Figure 1). The ODI was used as an
outcome measure as it is condition specific to the lower back, has been
well validated, is reliable, a responsive measure to functional score
and is used frequently in the management and assessment of spinal
disorders [16,18]. Patient outcomes were assessed over a 24-month
follow up period [15]. Direct costs for revision surgery were estimated
using Medicare 2017 national average reimbursement rates and were
discounted at 3%/year [19]. ODI scores were also discounted similarly
[19]. The probabilities of events such as surgical complications and
recurrent disc herniation requiring surgery were derived from published
systematic reviews and meta-analyses [20-23] and were used even
though the RCT demonstrated no recurrent herniation with the cAM
group [15]. The estimate/probability for recurrent surgery at 2 years
in the cAM group was assumed to have a low end of 0% (based on
the previously mentioned RCT demonstrating no recurrent surgeries
[15]) and the average rate for recurrent surgery at 2 years as identified
in the literature. For the non-cAM group (SOC), the low end was
assumed to be 7.5% (as demonstrated in the RCT [15]) and the average
rate for recurrent surgery at 2 years as identified in the literature. For
both cAM and SOC the average rate of recurrent surgery, based on
a systematic review, was assumed to be 10.5% [23]. Therefore the
recurrent surgery ranges for cAM and SOC were: 0%-10.5% and 7.5%
- 10.5% respectively over the 2 year period. The systematic reviews
and meta-analyses were identified using the following search terms:
Lumbar AND Microdiscec* AND Outcome* AND Systematic AND
meta-analysis. Search engines/digital repositories were searched on
June 10, 2018 and included: Pubmed and Google (first 4 pages of hits
for Google).

Probabilities, direct costs, and outcomes are found in Appendix
1. These variables include: cost for acute care (i.e., micro discectomy
procedure), rehabilitation/physical therapy, surgical complications
(a weighted cost of complications based on the incidence of the
complication; costs for treating pain; costs for treating recurrent disc
herniation surgery); and ODI scores at baseline, 1 year and 2 years.

Data sources for the model are identified in Appendix 1 for each
variable and distribution used in the model. The direct costs for treatment
were based upon 2017 Medicare national average reimbursement rates.
The cost of revision surgery for recurrent disc herniation was based
on 2017 Medicare costs and included a blended mix from outpatient
(Ambulatory Payment Classification [APC] 5114 with a reimbursement
of $6,132) and lumbar fusion (Diagnostic Related Group [DRG] 440
with a reimbursement of $28,971) which were reflective of current
practice related to site of service [24]. The perspective of this study was
from a direct healthcare cost perspective. Lastly the CHEERS check
list [25] was followed and appears as Appendix 2.

Running the model and outcomes derived

The assumed health states used in the model for both cAM and for

SOC were as follows:
» Patient well post initial procedure and for 2 years.

» Patient has complications with initial procedure (approximating
one year) and then well thereafter;

« Patient well post initial procedure but reoperation (recurrent
herniation) required within 2 years of initial surgery and patient
well post reoperation.

* Patient well post initial procedure but reoperation (recurrent
herniation) required within 2 years of initial surgery and patient
has complications with 2nd procedure for recurrent herniation.

The main outcomes of interest were the aggregate direct costs
of treating patients undergoing LMD with and without cAM over a
24-month period and; the difference in the ODI score for each arm over
2 years between baseline ODI score and score at 2 years. Further the net
monetary benefit (NMB) of each alternative was calculated as follows:
NMB=E *WTP-C where E equals the effectiveness as measured under
ODI; WTP equals a person’s willingness to pay for the alternative; and
C equals the cost. Since, WTP equaled zero (“0”) for each alternative;
the NMB was calculated as the total cost (i.e., a negative value) of
each alternative over the 2 year period. Thus, the least costly alternative
had a lower negative value (or total cost). Lastly each alternative was
evaluated for dominance; with dominance referring to an improved
ODI score (outcome) and a lower cost.

A stochastic element to the analysis using the Monte Carlo
technique was also introduced where the model was run numerous
times, each time varying the unit value of a particular variable. The
ranges of values used in the Monte Carlo simulation can be found in
Appendix 1.

One-way sensitivity analysis was evaluated on those variables
which had the greatest effect on the model (i.e., value at which one
therapy would be used over another based on lower costs) using Tree
Age Pro 2018.

Results

The base scenario using the variables and distributions found in
Appendix 1, demonstrated that the use of cAM resulted in lower overall
costs of care by $343 vs. SOC ($12,417 vs. $12,419) as well as improved
outcomes as measured via ODI (Figure 1). Using sensitivity analysis,
it was determined that the following variables had the greatest effect
on the use of cAM vs. SOC (Table 1 and Figure 2 [Tornado sensitivity
analysis]): cost inpatient reoperation with lumbar fusion (evaluated
over a range of $0 - $17,500); rate of recurrent disc herniation requiring
surgery cAM (0 — 205%); rates of recurrent disc herniation requiring
surgery SOC (0 -20%); list price of cAM (0-$1,000)

In one way sensitivity, and at a price of $500 for cAM, in order
for cAM to be the more expensive alternative its price would need to
be >$843 in treating disc herniation (Figure 3). Additionally, in order
for cAM to be the more expensive alternative in treating recurrent disc
herniation, the incidence of repeat surgery using cAM would need to
occur >6.8% of the time (Figure 4). As well, in order for SOC to be the
lower cost alternative, revision surgeries for recurrent disc herniation
using SOC would need to occur <7.5% of the time (Figure 5). Figure
6 shows that the cost (reimbursement) for an inpatient lumbar fusion
procedure would need to be <$8,408 in order for SOC to be the less
costly alternative. Using Monte Carlo simulation (run 10,000 times),
cAM was the dominant therapy (least costly/improved ODI [change
from baseline to 2 years out]) in patients undergoing LMD the majority
of time (53%; Quadrant IV; Figure 7). Additionally, 30% of the time,
cAM was more costly but ODI improved (Quadrant I).
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Figure 1: Decision tree model — compares overall costs and effectiveness of cAM vs. SOC.

Tornado Analysis (Expected cost cAM over 2 years)

EV: 5-12.417
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Figure 2: Tornado analysis — identifies which variables had the greatest effect on the model.
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Discussion

Based on the above analysis which modeled out assumed
complication rates and repeat LMDs, cAM was more cost effective
compared to the SOC over a 2-year time horizon. This finding was
primarily driven based on an assumption of a lower rate of revision
surgery (and its associated costs) following LMD surgery.

The model found that in order for SOC to be the lower cost
alternative, revision surgery would need to occur less than 7.5% of the
time, a rate that seems unlikely given the published literature which
demonstrates in meta-analyses a recurrent herniation rate at 2 years to
be in excess of 10% [20,23,26]. Additionally, longitudinal analyses of
large series of patients showed a mean rate of reoperation at 4 years at
13.2% (95% CI: 11.3% to 15.5%) [27]. At 8 years, reoperation rates

for recurrent disc herniation were found to be 15% [28]. If one were
to assume correspondingly higher rates of reoperation over time (up
through 8 years) with both cAM and SOC, then reoperation with cAM
would need to be >9% and <9.7% for SOC at year in order for SOC
to be the least costly alternative (analysis not shown). Thus, a product
that can prevent revision surgery should be a welcome addition to the
clinical armamentarium.

Further, the model found that the cost of inpatient revision surgery
would need to be <$8,408 in order for SOC to be the less expensive
alternative. This amount of <$8,408 is unlikely to occur in everyday
practice considering a recent analysis of a national insurance database
also showed the average insurance reimbursement for recurrent disc
herniation to be $49,192 [23].
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Figure 6: Sensitivity analysis — cost surgery recurrent herniation — identifies cost for recurrent surgery below which SOC becomes the less expensive alternative.

Other investigators such as Sherman and coauthors have
performed economic analyses similar to the current study [29]. In
their investigation, longitudinal insurance claims were analyzed for
patients up to 18 months after LMD surgery. It was found that 137
patients (28%) had additional lower back claims with 52 patients
(11%) requiring additional surgery and 85 (17%) requiring medical
management. The costs for surgical treatment found in the Sherman
study were substantially higher than costs used in the current model
(adjusted for inflation; revision microdiscectomy cost was $11,360 vs.
$6,130; fusion cost was $43,320 vs. $28,970). The main reason for
this cost difference is the use of the commercial/private payment data
in the Sherman study vs. the use of 2017 Medicare national average
reimbursement data in the current analysis. In addition, the cost of
medical therapies for patients having recurrent disc herniation was
substantial in the Sherman study with an average medical treatment

costs of $3,365 in 2006; ($4,770; 2016 $). The cost of medical
therapies for patients with recurrent disc herniation was not captured
by the current model and thus the findings herein may under-estimate
the true costs of sustaining a recurrent disc herniation.

As mentioned, an important finding in the recent RCT [15] is the
statistically significantly lower ODI and improved SF-12 physical
composite scores at 2 years with cAM. Although the exact mechanism
of'action of cAM in achieving these findings has not been demonstrated,
it may be related to either the anti-inflammatory effects [30,31], anti-
scarring properties [32-35] or perhaps a regenerative response within
the intervertebral disc that is responsible for the observed benefits.

Reimbursement policy has begun to shift towards a value-driven
model, where better outcomes with more durable results are financially
incentivized in the reimbursement algorithms. A good example of this
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Figure 7: Incremental cost effectiveness scatter plot — identifies percentage of time in using Monte Carlo simulation when cAM would be the superior (53% of the
time) and inferior (6% of the time) alternative (superior meaning cAM costs less overall and improves effectiveness; inferior meaning cAM costs more overall and
is less effective than SOC.
. e Value above (if >) or below (if<) which resulted in
Variables Sensitivity range evaluated SOC being least costly
Price cAM (Figure 3) $0 - $2,000 >$843
Incidence recurrent disc herniation surgery w/cAM (Figure 4) 0% — 15% >6.8%
Incidence recurrent disc herniation surgery w/SOC (Figure 5) 0% - 25% <7.5%
Cost recurrent disc herniation surgery (Figure 6) $0 - $17,550 <$8,408

Table 1: Variables affecting decision tree model and ranges evaluated.

is Medicare’s bundled payment program for hip and knee implants. The
bundled payment compensates a provider (commonly clinician plus
facility) for 30-60 days of care post procedure [36]. Under bundled
payments, if a patient requires readmission to a facility during this
timeframe, the facility is not paid additionally for the readmission but
out of the existing bundled payment. This form of payment encourages
providers to ensure a good overall and durable outcome for the patient.
A product such as cAM, which may be able to reduce the risk of future
medical care and; improve outcomes is likely to be viewed favorably
in the era of value-based healthcare.

Limitations

Because costs in the current study were modeled rather than
prospectively captured, certain direct costs for care were likely missed.
However, the effects of this limitation would likely be to increase the
value of cAM, given the likelihood that the actual costs were higher for
patients requiring medical care for recurrent disc herniation compared
to that used in the current model.

Also, it is possible that the cost effectiveness was underestimated
by the 2-year follow up time of the Anderson study [15]. As others have
shown, the rate of recurrent disc herniation increases over time (~10%
at 2 years [20,23,26], 12%+ at 4 years [27,37], 14% at 5 years [38],
and 15% at 8 years [28]. Therefore, it is important that this recurrent
surgery rate for both cAM and SOC be followed up on over time in a
high quality study design (e.g. RCT). One of the authors of this study
(DGA) continues to follow the patients reported on [15] over time.

Another limitation is that costs in the current model were estimated
using 2017 Medicare reimbursements. Medicare reimbursements have
been noted to be approximately 93% of the actual costs [39].

A two hear time horizon was used in the analysis. Over time the
costs and effects could differ between the two groups (cAM vs. SOC).
Further, the incidence of recurrent disc herniation surgery with cAM
has only been followed out 2 years. The observe 0% recurrent surgery
rate in the RCT with cAM may change over time.

ODI was used in this analysis versus the short form health form
health survey questionnaire, even though both outcomes were
evaluated in the analysis from which much of the outcome data was
derived from [15].

Conclusion

As mentioned above, ODI is specific to lower back functionality
(i.e., disability) and it was felt the analysis should be from this
condition specific perspective, considering the evaluation of the
treatments and costs were also from this specific perspective. Finally,
the costs for medications and other medical therapies were not captured
in this analysis. These likely would have made the SOC costs higher
in treating the higher rate of recurrent herniation and associated pain.
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