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Abstract

Treatment and management of sacroiliac joint pain is often non-surgical, involving packages of care that can include
analgesics, physiotherapy, corticosteroid injections and radiofrequency ablation. Surgical intervention is considered when
patients no longer respond to conservative management. The iFuse Implant System is placed across the sacroiliac joint using
minimally invasive surgery, stabilising the joint and correcting any misalignment or weakness that can cause chronic pain.
The iFuse system was evaluated in 2018 by the UK National Institute for Health and Care Excellence (NICE) as part of the
Medical Technologies Evaluation Programme (MTEP). Clinical evidence for iFuse suggests improved pain, Oswestry dis-
ability index (ODI) and quality of life compared to non-surgical management. The company (SI-Bone®) submitted two cost
models indicating that iFuse was cost saving compared with open surgery and non-surgical management. Clinicians advised
that non-surgical management was the most appropriate comparator and Cedar (a health technology research centre) made
changes to the model to test the impact of higher acquisition and procedure costs. Cedar found iFuse to be cost incurring
by approximately £560 per patient at 7 years. During the consultation period, the company reduced the cost of some iFuse
consumables, and Cedar extended the time horizon to test the assumption that iFuse would become cost saving over time.
These changes indicated that iFuse becomes cost saving at 8 years (approximately £129 per patient), after which the cost
saving continues to increase. NICE published guidance in October 2018 recommending that the case for adoption of the
iFuse system in the UK National Health Service (NHS) was supported by the evidence.

(MTG). The aim of the guidance is to support adoption of
clinically effective and cost-saving technologies in the UK
National Health Service (NHS).

This paper summarises the evidence base for iFUSE as
reported in Cedar’s assessment report and how it was used
to inform the NICE MTG on the iFuse Implant System for
treating chronic sacroiliac joint pain (MTG39). Cedar is a
healthcare technology research centre formed through col-
laboration between the Cardiff and Vale University Health

1 Introduction

The National Institute for Health and Care Excellence
(NICE) produces guidance on new or innovative medical
devices or diagnostics, Medical Technologies Guidance
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Board and Cardiff University. The paper is part of a series
that provide an insight into the development of NICE MTG
[1].

1.1 Background to Condition and Technology

The sacroiliac joint (SIJ) is the joint between the sacrum and
ilium bones of the pelvis. The SIJ supports the weight of the
upper body and its primary function is in shock absorption
and stability. Functioning of the SIJ can be altered as a result
of a specific traumatic incident or as a result of wear and
tear over time, resulting in pain in the groin, buttocks, lower
back or legs [2—4]. Chronic SIJ pain can make it difficult
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Key Points for Decision Makers

The iFuse system shows potential for long-term cost
savings in the UK National Health Service (NHS) due to
the reduced requirement for ongoing treatment and pain
management costs associated with non-surgical treat-
ments for sacroiliac joint pain.

There is high-quality evidence that the iFuse system
leads to improved pain, Oswestry disability index (ODI)
and health-related quality of life when compared to
conservative/non-surgical management. The longest
follow-up available in the included evidence was for
6-year outcomes.

to carry out usual tasks and can severely impact patients’
quality of life [5].

SIJ pain is usually treated in a stepped approach, start-
ing with less invasive options such as non-steroidal anti-
inflammatory medications and/or opioids and physiotherapy
[2, 6]. For patients who do not respond to first-line measures,
additional, more invasive procedures are prescribed, typi-
cally SIJ corticosteroid injections followed by SIJ radiofre-
quency ablation (RFA) [2, 7, 8]. If these procedures also fail
to alleviate patients’ pain then minimally invasive SIJ fusion
(MISIJF) is considered [9].

There are a number of CE-marked devices that could be
used for MISIJF, including the iFuse Implant System (SI-
Bone®, Inc., San Jose, CA, USA) [8]. The iFuse Implant
System consists of sterile, cannulated triangular titanium
implants with a porous surface, and a surgical instrument
system for implantation. The instrument system uses guide
pins for accurate placement of the implants [10].

The device is implanted during a minimally invasive sur-
gical procedure under general or spinal anaesthesia, involv-
ing a small incision made over the lateral buttock to allow
entry to the lateral access of the ilium. The iFuse implants
are then placed across the SIJ and remain in place perma-
nently. Typically three implants are used depending on the
size of the patient [10, 11].

2 Decision Problem (Scope)

In their evidence submission, the manufacturer must keep
within the scope of the evaluation. The scope is defined by
NICE in the form of a PICO table (population, intervention,
comparator, outcomes, plus cost analysis and subgroups to
be considered).
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2.1 Population

The population was defined as people with unresolved SIJ
dysfunction. A number of population subgroups of inter-
est were identified, including women of reproductive age,
number of implants inserted, unilateral versus bilateral SIJ
implants and patients who had previous lumbar surgery.

2.2 Intervention

The intervention was defined as SIJ fusion using the iFuse
Implant System.

2.3 Comparator

The comparator was defined as non-surgical or conservative
management; open SIJ fusion surgery, using screw or cage
systems; SIJ denervation; or RFA. Non-surgical or conserva-
tive management included optimisation of medical therapy;
individualised psychological and physical therapy with pro-
vision of adequate information and reassurance; and corti-
costeroid injections.

2.4 Outcomes

The following patient outcomes were included in the scope:
back and SIJ pain relief; improvement in function and dis-
ability from back pain (Oswestry disability index [ODI]
or other valid disability scale); blood loss during surgery;
patient satisfaction; patient health-related quality of life;
radiographic evidence of union and absence of loosening
(x-ray or computerised tomography [CT] scan to measure
bone growth across the fused joint); time to return to work/
normal activities; perioperative morbidity and device-related
adverse events; postoperative infection or complications; and
reoperation rates and medication (opioid) use. System out-
comes included procedure time and resources and length of
hospital stay.

3 Cedar’s Review of the Evidence

The company provided an evidence submission to NICE pre-
senting the available clinical and cost evidence, alongside
a de novo cost model produced by the company. Cedar’s
assessment report aimed to provide the NICE Medical Tech-
nologies Advisory Committee (MTAC) with a balanced, fair
and independent appraisal of the evidence surrounding use
of the iFuse Implant System for chronic SIJ pain [10].
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3.1 Review of Clinical Effectiveness Evidence

The company identified 28 publications as relevant and nar-
rowed this to three studies reported in multiple publications
(INSITE [INvestigation of Sacrolliac fusion TreatmEnt]
[12-14], iMIA [iFuse Implant System Minimally Invasive
Arthrodesis] [15-17] and SIFI [Sacroiliac Joint Fusion with
iFuse Implant System] [18-20]); Long-term follow-up in
INSITE/SIFI (LOIS) study (unpublished); a pooled analysis
of INSITE, iMIA and SIFI [21]; and a retrospective study
[22].

To ensure that all key studies were identified, Cedar
undertook a comprehensive search [10] and selection
process (Fig. 1). Cedar considered 12 publications (of 11

studies) to be relevant to the decision problem and all of
these had been identified by the company. These consisted
of two randomised controlled trials (RCTs) (iMIA [15] and
INSITE [12]), two retrospective comparative studies [22,
23], seven non-comparative studies [18, 24-29] and a sub-
group analysis [30] of one of the non-comparative studies
[18] of SIJ pain dysfunction in women with postpartum gir-
dle pain.

The patient population in the RCTs and comparative stud-
ies varied and included SI1J dysfunction [12], lower back
pain originating from the SIJ [15], unresolved pain [22]
and revision for pain recurrence [23]. All of these studies
were conducted outside the UK and three were sponsored
by the manufacturer. All compare iFuse to non-surgical

Fig. 1 Publication identifica-
tion and selection process. /PO
interventional procedure over-

searching
(n=216)

Records identified through database

view, NICE National Institute
for Health and Care Excellence,

S1JF sacroiliac joint fusion
(n=193)

Records after duplicates removed

Records screened
(n=193)

Records excluded
(n=170)

Full text articles excluded, with reasons
n=15
Reference for trial/study from clinicaltrials.gov n=5

eligibility
(n=23)

Full-text articles assessed for

- Non-English language n=1
Device used not iFuse n=3
Conference abstract of published study n=2
- Results for iFuse and other technology not presented

separately n=2
- Case study with no relevant outcomes n=1
- Procedure carried out not SIJF n=1

(n=8)

Studies identified by Cedar from
the 23 identified publications

References from NICE IPO n=10

plus Citation tracking n=10

Full text articles excluded, with reasons
n=15
- Policy on minimally invasive SUF n=1
- Device not identified in study n=1

assess for eligibility
(n=28)

New total full-text articles to

- Duplicate study n=1
- Early results from a trial which are presented in another
study n=1
Outcomes outside of scope n=3

Results for SIJF and open surgery not presented separately
n=2
- Conference abstract of published study n=1
- Patients reported in another study n=5

Publications included:

Adverse event (n=1)

Clinical evaluation (n=12)

Economic evaluation (n=0)
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management, except for one study [23] that compared revi-
sion rates for iFUSE versus SIJ fixation using screws.

Cedar considers that the evidence base for the use of
iFuse is quite strong. The two RCTs present outcomes at 12
[15] and 24 months [12] for iFuse compared with conserva-
tive/non-surgical management. It is worth noting that in one
RCT [15] the study protocol did not allow patients receiving
conservative management to receive SIJ corticosteroid injec-
tions or sacroiliac denervation (SID) through RFA but did
allow them to receive cognitive behavioural therapy (CBT),
if available at their site. In the other RCT [12] the study pro-
tocol allowed patients receiving non-surgical management
to receive SIJ corticosteroid injections or SID through RFA
but did not include CBT. Note that neither RCT was blinded,
as surgery is required to place the iFuse implant and con-
servative management does not include surgery. Although
this may present a risk of bias, Cedar considers this to be
an unavoidable limitation. One retrospective comparative
study [22] presented outcomes at 6 years for iFuse versus
conservative management or SID through RFA. There was a
lack of comparative evidence for the use of iFuse versus SIJ
fixation using screws, and the single study [23] comparing
these two treatments presented revision rates only.

The clinical evidence demonstrated that iFuse improved
pain, ODI and health-related quality of life when compared
to conservative/non-surgical management. Included compar-
ative studies are listed in Table 1. Non-comparative included
studies are summarised in Cedar’s assessment report [10].

3.2 Safety Outcomes

A low number of adverse events were reported [12, 15, 22]
(Table 1); this is reiterated by a pooled analysis of three
trials [21]. Of the 326 patients [21] undergoing SIJF, four
(1.2%) underwent early surgical revision. In each case, one
implant was inadvertently placed into the sacral foramen
causing postoperative neuropathic symptoms and requiring
surgical repositioning of the implant. Late revision surgery
was performed for nine (2.8%) patients, typically done to
address pain and sometimes associated with poor implant
position. Overall, eight (2.5%) patients had wound-related
issues, including surgical washout of deep wound infection
(n=1), drainage from wound treated with antibiotics (n=3),
redness treated with antibiotics (n=3) and slow healing
treated with antibiotics (n=1). No patient had bony infec-
tion or implant removal for infection.

3.3 Review of Economic Evidence
Neither the company nor Cedar identified any published

economic evidence relevant to the decision problem. The
company submitted two cost models, the first comparing
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iFuse with open surgery and the other comparing iFuse with
non-surgical management.

3.3.1 iFuse Model Structure

Both models have a Markov structure, with an NHS and
personal social services perspective, 6-month cycle length
and a 7-year time horizon. The modelled pathway for open
surgery and iFuse is similar. Both procedures can have two
outcome states: chronic pain or a good response that requires
no further treatment. Both outcome states have a constant
risk of revision, and each revision can result in either chronic
pain or a good response. Clinical experts advised that open
surgery was no longer common practice in the NHS, and
Cedar determined that non-surgical management was a more
appropriate comparator.

Non-surgical management takes all patients through a
first corticosteroid injection; following this they may pro-
gress to recurrent corticosteroid injections, and then may
progress further to RFA. From any of these states, patients
may move to the final modelled state of chronic pain, and
at 7 years 92% are in this state, requiring pain medication.

This structure means that for open surgery or iFuse the
majority of the costs are at the start of the model, with only
the patients in chronic pain having ongoing costs. For non-
surgical management, costs continue for patients in all states
for the duration of the model. Consequently, the longer the
model duration, the more likely that iFuse will be cost saving
compared to non-surgical management.

3.3.2 Key Assumptions

The following assumptions are made in both the submitted
and ammended cost models. For all arms of the model:

e All patients in chronic pain receive an opioid-based
regimen and see the general practitioner (GP) every
6 months; 50% are on strong opioids and attend outpa-
tient clinics every 6 months.

For the open surgery and iFuse arms:

e Chronic pain is not a final state; all patients have an equal
chance of revision surgery for the duration of the model.

e Physiotherapy post operation is not included.

e Patients with good outcomes require no pain medication,
and continue in this state unless requiring a revision.

e Post revision, 50% of patients are in chronic pain.

e Revision surgery has the same costs as the initial proce-
dure.

For non-surgical management:
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e Chronic pain is a final state, with 92% of patients in this
state after 7 years.

e Patients on corticosteroid injections require no pain med-
ication, for the whole of the 6-month cycle.

e The probability of continuing a treatment is constant over
time, whereas in practice they are likely to be temporary.

3.3.3 Data Sources for Outcomes and Resources

The company commissioned interviews of four clinicians
to validate clinical parameters from the literature, the care
pathway and to obtain response rates for corticosteroid injec-
tions and RFA.

The length of stay data were taken from selected non-
comparative papers.

3.3.4 Changes by Cedar

Where possible, Cedar used evidence from published studies
to base model results on meaningful data. The changes are
presented in Table 2. Cedar also addressed two minor errors
in the calculation of the transition probabilities in the model.

The success rates used in the model for response to iFuse
or open surgery were taken from a review that reported
patient satisfaction [31] based on a mix of ODI, visual ana-
logue scale (VAS) scores and 36-Item Short Form Health
Survey (SF-36) measurements in different studies. The
review was not included in the clinical evidence. The sub-
mitted model uses this value as a proxy for “good response
to treatment”, meaning that no further treatment or pain
medication is required. Cedar felt that this was not appro-

priate and found alternative sources of information. A study
in the clinical evidence reported a success rate for iFuse sur-
gery [18]. For open surgery, Cedar used a study that reported
“good response to treatment” [32].

Table 2 Key external assessment centre (EAC) changes to model parameters

Variable Company value EAC value EAC source and comments
Length of stay for open surgery (anterior) 8 days 6.7 days Submitted model used data from 1 paper [33]. Cedar cal-
culated a weighted average length of stay from 2 papers
[33, 34]. None of the studies were included in the clinical
evidence
Length of stay for open surgery (posterior) 5.1 days 4 days Company: calculation reported in review [35]
Cedar: calculated a weighted length of stay based on data
from 4 studies [36-39] reported in the review that reported
average length of stay [35]
Length of stay for iFuse 1.7 days 0.8 days Company: poor-quality review [40]
Cedar: calculated a weighted average length of stay from 4
papers included in the clinical evidence reporting mean
length of stay [12, 18, 29, 30]
Procedure time for open surgery (anterior) 104 min 1109 min  Company: data from 1 paper [33]
Cedar: weighted mean from 2 papers [33, 34]
HRG codes used for open surgery and Open surgery: £380.99 Open NHS reference costs for 2015/2016
iFuse (cost of bed day) iFuse: £272.32 surgery:  Cedar changed the cost of a bed day for open surgery and
£272.32 iFuse to agree with value in the company’s submission
iFuse:
£380.99
Cost of corticosteroid injections £637 £500 NHS reference costs for 2015/2016
Company: weighted average of HC29B and HN16A
Cedar: HC29B HRG code only
Low-cost drug regimen £63.25 £27.38 Cedar found lower costs for the drugs listed by the company
in the December 2017 BNF/drug tariff
High-cost drug regimen £692.98 £669.78 Cedar found lower costs for the drugs listed by the company
in the December 2017 BNF/drug tariff
Good response to treatment: iFuse 84% 79.9% Cedar obtained a figure for success rate from 1 paper [18]
at 12 months post-procedure, which was deemed to be a
more accurate estimate
Good response to treatment: open surgery  54% 48% Cedar obtained a more appropriate figure for success rate
from 1 paper [32]
Procedure time: open, posterior 104 min 1109 min  Cedar calculated a weighted average procedure time from 2

papers [33, 34]

BNF British National Formulary, HRG Healthcare Resource Group, NHS National Health Service

A\ Adis

www.manaraa.com



iFuse NICE MTG39

371

3.3.5 Results from the Model Following Changes

The model submitted by the company found iFuse to be cost
saving when compared to either open surgery or non-surgi-
cal management at 7 years.

After the changes made by Cedar, the model showed
iFuse to remain cost saving compared to open surgery, but to
incur a cost of £557.22 per patient at 7 years when compared
to non-surgical management. Extending the time horizon
would result in iFuse becoming cost saving compared to
non-surgical management after 9 years.

Both versions of the model showed that iFuse was a
less expensive initial procedure than open surgery, and had
improved patient outcomes for the length of follow-up avail-
able. However, clinical experts advised that open surgery
was no longer common practice in the NHS.

The iFuse system has higher initial costs (including
acquisition and procedure costs) than non-surgical manage-
ment. However, Cedar also noted that as time passes, the
costs associated with non-surgical management continue to
be accrued for all patients. For iFuse most of the costs are
in the initial procedure, with only those patients in chronic
pain having ongoing costs for the remainder of the model.
Cedar judged this to be relevant to the cost consequences
because lifelong management is normally needed for chronic
SIJ pain and people are likely to have iFuse in place for the
rest of their lives. Cedar therefore considered that cost sav-
ings with iFuse were plausible beyond the time horizon of
the company’s model.

3.3.6 One-Way Sensitivity Analysis and Key Drivers

Comparing iFuse to non-surgical management, the main
drivers of cost were the cost of pain management and the
number of corticosteroid injection procedures in each
6-month cycle. Clinical experts advised that patients would
typically receive one injection during 6 months, as calcu-
lated in the submitted model.

Other important drivers include the length of stay for
iFuse, the response rate to corticosteroid injections, cost of
theatre time and cost of corticosteroid injections.

4 National Institute for Health and Care
Excellence (NICE) Guidance

4.1 Preliminary Guidance

The NICE MTAC met in April 2018 and considered evi-
dence from a range of sources, including the company’s
submission, Cedar’s report and additional economic mod-
elling, and testimony from clinical and patient experts. The
Committee made provisional recommendations that went to

public consultation. The Committee considered the overall
quality and quantity of the evidence to be quite high and
favoured the use of the iFuse Implant System and considered
that use of the iFuse system would be cost saving over time.

4.2 Consultation

During the consultation process, NICE received 13 com-
ments [41] from five consultees (company representative,
competitor manufacturer, NHS professional, private health-
care professional and other). Comments covered compara-
tors, costs, corrections and clarifications. One comment from
the company informed that it intended to lower the price
of iFuse consumables from £275 to £136, making a small
reduction in the modelled cost of iFuse. Cedar reviewed
the information provided in the comments and updated the
extended cost model with the new consumable price. In this
scenario, the model shows that iFUSE is cost saving by £129
per patient after 8 years. This information was presented to
MTAC in July 2018.

4.3 Recommendations

The evidence submitted by the company and Cedar’s assess-
ment report were presented to MTAC, who produced the
following recommendations:

e The case for adopting the iFuse Implant System to treat
chronic SIJ pain is supported by the evidence. Using
iFuse leads to improved pain relief, better quality of life
and less disability compared to non-surgical manage-
ment.

e iFuse should be considered for use in people with a con-
firmed diagnosis of chronic SIJ pain (based on clinical
assessment and a positive response to a diagnostic injec-
tion of local anaesthetic in the SI1J) and whose pain is
inadequately controlled by non-surgical management.

e Cost modelling indicates that after 8 years, using iFuse
instead of non-surgical management will save the NHS
around £129 per patient. It is likely that savings will then
increase over time. Savings mainly come from fewer cor-
ticosteroid joint injections and less pain relief medication
with iFuse than with non-surgical management.

5 Key Challenges and Learning Points

S1J pain is debilitating and can restrict daily activities,
impair sleep and affect mood. It is likely to be undiagnosed
or misdiagnosed as pain originating from the lumbar spine
or hip joint. An increased awareness of the condition among
clinicians when assessing and treating low back pain would
be beneficial for patients.
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Studies reported outcomes for the same patients across
multiple publications without explicitly indicating they were
the same patients. This proved a challenge when evaluating
the clinical evidence. We had to compare baseline character-
istics of treatment groups across included studies in order to
exclude studies where results for patients had been presented
previously.

Modelling the appropriate pathway was complex, as there
is not a clear point at which iFuse would be offered. In real-
ity some patients may progress through several non-surgical
treatments and then receive surgery.

6 Conclusions

NICE has assessed iFuse for treating chronic SIJ pain to help
the NHS decide whether to use this product. Evidence sug-
gests that using iFuse leads to improved pain relief, better
quality of life and less disability than non-surgical manage-
ment. Cost modelling indicates that using iFuse instead of
non-surgical management for people with chronic SIJ pain
will save the NHS around £129 per patient after 8 years and
these savings will increase over time. Therefore, NICE have
concluded that iFuse should be considered as an option for
people with chronic SIJ pain when non-surgical management
is not effective.
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