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Aim: SPECT/CT has been found to improve predicted postoperative forced expiratory volume in one
second (ppoFEV,) assessments in patients with non-small-cell lung cancer (NSCLC). Methods: An economic
simulation was developed comparing the cost—effectiveness of SPECT/CT versus planar scintigraphy for
a US payer. Clinical outcomes and cost data were obtained through review of the published literature.
Results: SPECT/CT increased the accuracy ppoFEV, assessment, changing the therapeutic decision for 1.3%
of nonsurgical patients to a surgical option, while 3.3% of surgical patients shifted to more aggressive
procedures. SPECT/CT led to an expected cost of $4694 per life year gained, well below typical thresholds.
Conclusion: SPECT/CT resulted in substantially improved health outcomes and was found to be highly
cost-effective.
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According to American Cancer Society estimates, there will be about 228,820 new cases of lung cancer in the
USA in 2020, with an estimated 135,720 deaths, or approximately 22% of all cancer deaths [1]. Non-small-cell
lung cancer (NSCLC) comprises about 80-85% of all lung cancer cases. NSCLC presents a substantial burden on
quality of life, both from the disease itself along with the side effects associated with chemo- and radiation therapy,
or potentially invasive surgeries.

Surgical resection of the tumor remains the best and most consistent therapeutic option to improve survival
in NSCLC patients, despite the advances made in radiation therapy and chemotherapy [2]. Lung cancer resection
with curative intent may require removal of an entire lung (pneumonectomy), entire lobe (lobectomy) or a portion
of a lobe (sublobar) since potential cure remains predicated on achieving a complete resection. The decision to
proceed to lung resection surgery relies on the preoperative assessment of its risks and feasibility, in order to avoid
postoperative respiratory failure and other cardiopulmonary complications. Among several indicators predicting the
risks involved, predicted postoperative pulmonary function expressed as predicted postoperative forced expiratory
volume in 1 s (ppoFEV;) has emerged as the most critical determinant when evaluating the feasibility of lung
resection surgery [3-5].

In current medical practice, measurement of baseline lung function combined with ventilation-perfusion or
perfusion-only planar lung scintigraphy is the most widely used imaging examination for preoperative prognostic ~ Futu re’s,

calculation of ppoFEV] (6. However, planar scintigraphy only estimates relative regional lung perfusion, as it is ~ Medicine ™
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limited by its nonanatomic nature of imaging, for example, inability to measure the impact of nonuniform and
oblique pulmonary fissures and, therefore, cannot accurately assess the perfusion contribution of an individual
lobe 7). Consequently, planar scintigraphy’s low accuracy in estimating the differential contribution of pulmonary
lobes or segments leads to underestimation of ppoFEV; [6-9], with correlation coefficients of predicted versus actual
ppoFEV; ranging from 0.51 to 0.92 [6]. Depending on the extent of this underestimation, it is plausible that
patients are either erroneously excluded from potentially curative resection surgery that they could have tolerated
from a pulmonary function perspective.

Given this premise, investigators have suggested more effective alternatives than planar perfusion scintigraphy
for the prediction of ppoFEV] [6-91. One such recent alternative is single-photon emission computed tomography
(SPECT) perfusion scintigraphy combined with conventional computed tomography (CT; SPECT/CT). The
integrated CT images (delineating lung lobes and segments) and attenuation correction SPECT imaging (measuring
lobar perfusion) together provide a more accurate estimation of ppoFEV; [7-9]. Toney ez al. first showed that
SPECT/CT provided an anatomically more accurate assessment of lobar perfusion and ppoFEV; than planar
imaging, and could thus more accurately define resectability and improve the rate of appropriate and potentially
curative surgical resection in NSCLC patients [7]. Given these findings, we sought to investigate the economics
of migrating from planar scintigraphy to SPECT/CT for the purposes of preoperative assessment of ppoFEV;
in NSCLC patients, and the potential impact on clinical decision-making around appropriate treatment choices.
The study objective was therefore to quantify the economics of the diagnostic impact of SPECT/CT versus planar
scintigraphy on ppoFEV for the preoperative assessment of NSCLC patients for lung resection surgery and assess
its cost—effectiveness as an intervention from a payer perspective.

Materials & methods

Model structure

A cohort-level decision tree model was built and validated using Microsoft Excel 2016 to estimate the total
costs, cost—effectiveness, and impact on treatment selection of using hybrid SPECT/CT versus planar imaging for
NSCLC patients. A depiction of this model is shown in Figure 1. The model assumes a hypothetical cohort of
1000 early stage (stage I or II) potentially resectable NSCLC patients, potentially with typical co-morbidities, for
example, coronary artery disease, chronic obstructive pulmonary disease, other pulmonary diseases. Costs, in USD,
and benefits, in deaths avoided/life years gained, were evaluated over a 1-year time horizon. Due to the short time
horizon, no discounting was applied.

The study’s premise is based on the assumption that, when all other clinical factors are held constant, a patient’s
ppoFEV; can be used to determine the most appropriate treatment strategy for NSCLC. Based on the consensus
of expert clinicians in field of nuclear medicine and oncology, it was assumed that patients with a ppoFEV; >40%
underwent either a lobectomy or pneumonectomy (latter in 13—-26% of all resected lung cancer cases [10-13]), while
a sublobar resection (wedge resection or segmentectomy) was performed for patients with ppoFEV; between 30
and <40%. Patients with a value <30% were not assumed to be surgical candidates due to their increased risk
of perioperative morbidity and mortality. For this group, patients underwent nonsurgical treatment, specifically
chemotherapy and/or stereotactic body radiation therapy (SBRT).

All data used to perform this analysis were de-identified and accessed in compliance with the Health Insurance
Portability and Accountability Act. As a model using a collection of publicly available data, the research was exempt

from IRB review under 45 CFR 46.101(b)(4).

Data sources
The primary data source for this model was a ‘best-evidence’ literature review. The National Library of Medicine’s
PubMed database was the source for the electronic search. The selection criteria included English language studies
in an adult population published between January 2005 and February 2017 that containing data relevant to the
clinical and imaging application(s) in question. This search was supplemented with publicly available government
reports and databases.

Where multiple data points (from multiple data sources) existed for any given model parameter, sample size
weighted pooled estimates were calculated. This allowed for a single, pooled estimate for the base case value that is
reflective of all the available evidence, minimizing potential bias associated with using data from any one source.
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Model outcomes

Model diagram per 1000 patients treated

240%
Q Eligible for surgery: 88.7%

Total annual costs: $78.32 million
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o
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Figure 1. Model overview. Model design and flow of patients. A cohort of 1000 potentially resectable early-stage NSCLC patients enters
the model and use either SPECT/CT or planar imagining to estimate the ppoFEV, for patients. Based on this value, the treatment option is
chosen for the various patients. Ultimately, SPECT/CT led to an additional 1.2% of patients eligible for surgery, 18.2 life years gained, and
an ICER of $4694 per life year gained.

ICER: Incremental cost-effectiveness ratio; LY: Life year; NSCLC: Non-small-cell lung cancer; ppoFEV1: Predicted postoperative forced
expiratory volume in 1s; SBRT: Stereotactic body radiation therapy; SPECT/CT: Single-photon emission computed tomography perfusion
scintigraphy combined with conventional computed tomography.

Clinical parameters

The model’s key parameter is the average discrepancy between the actual and predicted ppoFEV; value for
SPECT/CT and planar imaging. This represents the diagnostic accuracy of the two imaging techniques, the results
of which influence the treatment plan and, thus, ultimately affect the patients expected clinical outcomes. The
estimated difference in actual and predicted ppoFEV1 was pooled from multiple sources and weighted by their
corresponding sample sizes, similar to calculation of other model parameters. Assuming all other factors were
equal, the treatment assignment in the model was based entirely on the ppoFEV values generated by the imaging
modalities.

The general lung cancer population distribution across the study’s ppoFEV values thresholds was derived from
published literature and assumed to be generated by the standard planar lung scintigraphy. Similarly, all clinical
parameters including in-hospital and 12-month post-discharge complication and mortality rates related to the
study’s treatment choices are estimated from published literature. The values for each of the clinical parameters are
shown in Table 1.

Cost parameters

The expected cost of any given event (complication or mortality) was calculated by multiplying the event rate with
the treatment cost. Follow-up costs also included the cost of oxygen equipment for those with ppoFEV; <50%.
For the imaging scans, reimbursement amounts were calculated based on the 2019 Medicare total payments for
technical and professional components for the code 78582 (nuclear medicine scans) as reported by the CMS [20].
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Table 1. Model parameters.

Parameter description
Patient population

<65 years of age (therefore commercial

coverage)

Medicare to private payer
reimbursement conversion

Base case Range
56.92% 54-64%
1.62 1.22-2.03

Predicted postoperative forced expiratory volume in 1 second (ppoFEV;)

>40%
30-39%
<30%
Imaging scans
SPECT/CT
Scan cost

Underestimated mean difference
between preoperative and actual
PPOFEV; (%)

Planar
Scan cost

Underestimated mean difference
between preoperative and actual
PPOFEV: (%)

Treatment
Pneumonectomy/lobectomy

Surgery + hospitalization cost

In-hospital complication rate

In-hospital mortality rate

Post-discharge complication rate

12-month follow-up mortality rate

Sublobar resection

Surgery + hospitalization cost

In-hospital complication rate

In-hospital mortality rate

Post-discharge complication rate

12-month follow-up mortality rate

SBRT and/or chemotherapy

Treatment cost

Post-discharge complication rate
12-month follow-up mortality rate
In-hospital complication cost
In-hospital mortality cost

Post discharge complication cost
(surgical treatment)

Post discharge complication cost (SBRT

treatment)

77.4%
11.3%
11.3%

$390
6.4%

$390
11.9%

$33,866

34.2%

3.0%

14.1%

3.7%

$36,870

27.98%

1.5%

14.74%

6.54%

$29,791

12.54%
15.05%
$14,319
$27,698
$13,676

$23,008

1-100%
1-100%
1-100%

$295-487.5
2.65-10.24%

$295-487.5
7.95-15.78%

$17,336-40,212

3.6-43.2%

0-9.9%

1.8-8.6%

1.8-54%

$27,964-49,652

4.5-36.9%

0.0-7.1%

0-25.8%

2.7-20%

$16,322-49,120

0-34.6%
11.5-19.5%
$5395-23,242
$4509-50,877
$12,586-20,976

$1870-43,860

Study

Billmeier 2011, Gopaldas 2010, Swanson 2012

American Hospital Association 2016

Linden 2014, Varlotto 2013
Expert Opinion

Expert Opinion

CPT #78597

Ohno 2007, Toney 2014, Sudoh 2006, Yoshimoto
2009

CPT #78597

Ohno 2007, Toney 2014, Sudoh 2006, Yoshimoto
2009

Gopaldas 2010, Swanson 2012, Louie 2014,
Medbery 2014, Shah 2013, Smith 2015

Billmeier 2011, Gopaldas 2010, Burfeind 2010,
Landreneau 2014, Lin 2016, Linden 2014, Ludwig
2005, Martin-Ucar 2002, Medbery 2014, Paul 2013,
Shapiro 2010

Billmeier 2011, Gopaldas 2010, Landreneau 2014,
Linden 2014, Ludwig 2005, Medbery 2014, Shapiro
2010, Stolz 2014, Strand 2007, Zhang 2012

Farjah 2014, Landreneau 2014, Martin-Ucar 2002,
Ren 2014, Shapiro 2009, Sugi 2010, Yang 2012

Billmeier 2011, Cerfolio 2006, Gudbjartsson 2008,
Kim 2005, Landreneau 2014, Ludwig 2005, Stolz
2014, Varlotto 2013, Whitson 2011, Zhang 2012

Kwan 2014, Shah 2013, Smith 2015, Yendamuri
2007

Billmeier 2011, Deen 2014, Landreneau 2014, Lin
2016, Linden 2014, Yendamuri 2007

Billmeier 2011, Kwan 2014, Landreneau 2014,
Linden 2014, Yang 2012, Yendamuri 2007

Landreneau 2014, Ren 2014, Shapiro 2009, Sugi
2010, Yang 2012

Billmeier 2011, Kwan 2014, Landreneau 2014,
Linden 2014, Varlotto 2013

Cipriano 2011, Puri 2012, Shah 2013, Smith 2015,
Yendamuri 2007

Puri 2012, Shah 2013, Yu 2015

Puri 2012, Speicher 2014, Varlotto 2013, Yu 2015
Medbery 2014, Paul 2013

Medbery 2014, Puri 2012

Farjah 2014, Kwan 2014

Cipriano 2011, Shah 2013

Ref.

[14-16]

[17]

[18,19]

[20]
[6-9]

[20]
[6-9]

[15,16,21-24]

[14,15,18,22,25-31]

[14,15,18,22,26,28,31-34]

[26,29,35-39]

[14,19,26,28,32,34,40-43]

[23,24,44,45]

[14,18,26,27,45,46]

[14,18,26,39,44,45]

[26,36-39]

[14,18,19,26,44]

[23,24,45,47,48]

[23,48,49]
[19,48-50]
[22,30]
[22,48]
[35,44]

[23,47]
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Table 1. Model parameters (cont.).

Parameter description Base case Range Study

12-month follow-up cost (surgical $15,669 $11,752-19,586  Kwan 2014

treatment)

12-month follow-up cost (SBRT $0 >0 Assumption

treatment)

One-time oxygen equipment cost $1742 $1262-2103 Billmeier 2011, Shah 2013

— Monthly cost $346 $251-418 Billmeier 2011, Shah 2013

Terminal care cost $50,203 $20,321-97,971  Cipriano 2011, Louie 2014, Shah 2013, Tangka
2015

All literature-derived costs were converted to 2019 USD using the Bureau of Labor Statistics’ US Medical Care
Consumer Price Index to adjust for inflation [52). Based on the demographic distribution of the lung cancer
population in USA, slightly more than half of the model cohort is assumed to be insured by commercial (non-
Medicare) payers [14-16]. Therefore, all Medicare payments were adjusted by a conservative multiplier of 1.6 to
appropriately represent a private payer’s reimbursement amount for the corresponding portion of the hypothetical
cohort [17]. The final clinical and economic parameters in the model are shown in Table 1 [18,19,21-51].

Model outcomes

The model compares the downstream differential impact of ppoFEV; values as generated by SPECT/CT versus
planar by estimating the total direct cost of the care pathway under consideration. The cost calculation includes
the cost of imaging, surgery, peri- and postoperative 12-month complications, mortality, and follow-up between
the different surgical and nonsurgical groups as deemed by the ppoFEV; thresholds (described above).

The primary clinical outcome that was estimated in the model is the difference in lung resection rates i.e., if
differences in the mean underestimation of ppoFEV; from their actual values impact their preoperative surgical
eligibility, then the model calculates the difference in proportion of patients receiving any of the treatment options
between the SPECT/CT and planar cohorts.

Effectiveness is expressed as the number of patient life years gained across the different treatment options,
assuming that patients surviving at the end of the study time frame are free from tumors and remain in remission
until the end of their natural life. The latter is estimated using the mean US life expectancy [53]. The average age
of a commercial and Medicare patient in the model is assumed to be 56.2 and 73.9 years, respectively [16]. The
incremental cost—effectiveness ratio (ICER) is the cost per life year gained and is calculated as the net difference in
total 1-year costs divided by the difference in life years gained/lost between SPECT/CT and planar.

Sensitivity analysis

A one-way deterministic sensitivity analysis was conducted by varying each model parameter individually and
observing the effect on the results in order to assess the impact of the individual model parameters and the
robustness of the findings. Each model parameter was varied by £25% of its base value. The top three parameters
found to be most critical to the model are reported, along with a tornado diagram that graphically shows the results
of the sensitivity analysis.

As the relative underestimation in ppoFEV using SPECT /CT versus planar is a particularly important parameter
in the model, a separate deterministic sensitivity analysis was performed. In this analysis, the difference in the
underestimation between SPECT/CT versus planar was varied across the maximum and minimum values found
for each imaging modality in the literature (range: -2.29-13.13%, calculated as Planar—SPECT/CT). The impact
on the ICER and annual cost difference was assessed.

Scenario analysis

The presence and severity of emphysema in individual patients is modestly correlated with the degree of airflow ob-
struction as assessed by reduction in predicted FEV; (r = 0.65-0.71) [54,55]. It has been suggested that SPECT/CT’s
benefits could be more pronounced in NSCLC patients with emphysema because of planar imaging’s inability to
accurately demarcate lobar boundaries and assess lobar and segmental perfusion [7,8]. Thus, we used a scenario
analysis to evaluate the imaging modalities in two NSCLC cohorts with either mild—moderate or moderate-severe
emphysema. To this end, the distribution of the model’s ppoFEV; values was adjusted to reflect this group with
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Table 2. Effect of presence and severity of emphysema on distribution of subjects predicted to fall within distinct

ppoFEV, ranges relevant to lung resection decision making.

Predicted postoperative forced expiratory volume in a single second using planar scintigraphy (ppoFEV,) distributions

ppoFEV; range

>40% 30-39% <30%
Base case model 774 11.3 11.3
Mild-moderate emphysema 64.5 17.8 17.8
Moderate-severe emphysema 57.1 21.5 21.5

emphysema, while all other study parameters were kept constant. Two distinct ppoFEV] thresholds were modeled,
including <80% predicted (likely mild-moderate emphysema) and <60% predicted (moderate—severe emphy-
sema) [56]. The percentage of patients with ppoFEV; values over the thresholds (<80 and <60%) was uniformly
distributed across the remaining ppoFEV] value ranges to form new patient ppoFEV] distributions for the scenario
analysis. ppoFEV; distributions (measured using the standard planar) are shown in Table 2.

Results

Base case model

In this construct, where decisions around preoperative surgical eligibility and the specific procedure rely solely
on ppoFEV; values, 77.6, 11.3 and 11.3% receive pneumonectomy/lobectomy, sublobar resection and SBRT,
respectively, in the planar cohort. Conversely, 79.7, 10.3 and 10.0% of the SPECT/CT cohort would undergo
pneumonectomy/lobectomy, sublobar resection procedures or receive SBRT, respectively (Figure 1). For every 1000
potentially resectable NSCLC patients, using SPECT/CT in place of planar perfusion scintigraphy is expected to
be associated with an estimated cost of $78.40 million versus $78.32 million, respectively. This represents $85,466
in total, or $85.5 per patient, in additional costs for a payer per year (Table 3). After accounting for lives lost
due to treatment-related complications and lack of successful surgical resection during the 1-year study period,
SPECT/CT is associated with a gain of 18.2 patient life years versus planar perfusion scintigraphy. The expected
ICER per life year gained for SPECT/CT is estimated at $4694.

Sensitivity analysis

One-way sensitivity analysis indicates that the cost—effectiveness results of this model are most sensitive to the
following three parameters: lobectomy/pneumonectomy treatment costs, SPECT/CT and Planar scan costs and
the treatment costs for SBRT. The impact of each parameter on the cost—effectiveness (ICER) between SPECT/CT
versus planar approaches can be seen in Figure 2.

Both the ICER and the annual cost difference vary based on the mean difference in ppoFEV; underestimation
between SPECT/CT and planar (Figure 3). As the mean difference in underestimation increases (greater under-
estimation by planar relative to SPECT/CT), more patients become eligible for surgery or for more aggressive
surgery, thus increasing costs, as shown by the rising cost difference between SPECT/CT and planar. Despite this,
the ICER remains relatively constant, indicating that the life years gained are increasing nearly proportionately to
costs. In summary, assuming all other model inputs are held constant, the life years gained are a direct result of
SPECT/CT being associated with a higher surgical rate versus planar imaging.

Scenario analysis

For a hypothetical scenario modeling, 1000 NSCLC patients with mild-moderate emphysema, using SPECT/CT
(rather than planar) perfusion scintigraphy for preoperative eligibility is expected to lead to $134,012 in excess costs
and a gain of 28.5 life years with 68.1% (vs 64.5%), 16.2% (vs 17.8%) and 15.8% (vs 17.8%) of the SPECT/CT
(vs planar) cohort receiving pneumonectomy/lobectomy, sublobar resection and SBRT, respectively. The ICER per
life year gained is calculated to be $4694.

For the NSCLC with moderate-severe emphysema, switching to SPECT/CT is expected to lead to $161,947 in
additional cost, and 34.5 life years. Thus, the ICER per life year gained is $4694. In this scenario, using SPECT/CT
under the model assumption leads to 61.4,19.5 and 19.1% of the cohort receiving pneumonectomy/lobectomy,
sublobar resection, and SBRT, respectively. Correspondingly, 57.1, 21.5 and 21.5% of the planar group would be
assigned the above three treatment options in that order.
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Cost-effectiveness of SPECT/CT for non-small-cell lung cancer

One-way sensitivity analysis: Tornado diagram
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Figure 2. One-way sensitivity analysis results: tornado diagram. In the sensitivity analysis, each model parameter was varied individually
by +£25% to observe the effect on the results, assessing the impact of the individual model parameters and the robustness of the findings.
The most influential variables on the total costs were the ppoFEV; underestimation, treatment costs and scan costs.

Cx: Complication; FU: Follow-up; L/P: Lobectomy/pneumonectomy; SBRT: Stereotactic body radiation therapy.

Impact of ppoFEV1 underestimation for
SPECT/CT vs. Planar on ICER and annual costs
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Figure 3.
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Difference in mean ppoFEV1 underestimation
between SPECT/CT and planar (%)

Impact of percentage difference in underestimated ppoFEV, on total lung cancer-related costs and ICER.

The degree of underestimation for each imaging technology was varied within a defined range and the change in
results observed. With the mean difference in underestimation increasing (planar underestimating more relative to
SPECT/CT), more patients are becoming eligible for surgery, or a more aggressive surgery, thus increasing costs as
shown by the rising cost difference between SPECT/CT and planar. The ICER remains relatively constant, indicating
that the life years gained are increasing nearly proportionate to costs.

ICER: Incremental cost-effectiveness ratio; ppoFEV1: Predicted postoperative forced expiratory volume in 1s;
SPECT/CT: Single-photon emission computed tomography perfusion scintigraphy combined with conventional

computed tomography.
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Table 3. Treatment assignment, healthcare costs, patient life years and estimated cost-effectiveness ratio.

Population SPECT/CT Planar Difference Incremental cost-effectiveness ratio per
life year gained for SPECT/CT ($)

NSCLC

Total costs ($) 78,400,543 78,315,078 85,466 4694
per patient 78,401 78,316 85

Total life years 13,858.5 13,840.3 18.2

Treatment type (%)

Pneumonectomy/lobectomy 79.7 77.4 2.3 NA
Sublobar resection 10.3 1.3 -1.0
SBRT 10.0 11.3 -1.3

Mild-moderate emphysema

Total costs ($) 78,162,777 78,028,765 134,012 4694
Per patient 78,163 78,029 134
Total life years 13,801.4 13,776.3 28.5

Treatment type (%)

Pneumonectomy/lobectomy 68.0 64.5 3.6 NA
Sublobar resection 16.2 17.8 -1.6
SBRT 15.8 17.8 -2.0

Moderate-severe emphysema

Total costs ($) 78,025,959 77,864,013 161,947 4694
Per patient 78,026 77,864 162
Total life years 13,723.3 13,688.7 345

Treatment type (%)

Pneumonectomy/lobectomy 61.3 57.1 43 NA
Sublobar resection 19.6 21.5 -1.9
SBRT 19.1 215 2.4

Discussion

The American Cancer Society recognizes surgical resection is the cornerstone of therapy in individuals with localized
NSCLC who are medically fit and suitable for treatment [57). Given the poorer prognosis when surgery is not an
option, it is critical to identify all those who can safely tolerate surgery that maximizes the margins of resection, and
potentially lowers the risk of local recurrence. SPECT /CT’s fusion technology can provide anatomic and functional
information in a single examination and allows for attenuation correction of the perfusion SPECT emission data
using CT. Clinical studies have shown this hybrid technology provides an anatomically more accurate assessment
of lobar perfusion, which in turn, leads to a relatively more accurate ppoFEV; [7,8].

To the authors’ knowledge, this is the first study attempting to evaluate the economic impact of SPECT/CT in
planning NSCLC treatment. This study found that using SPECT/CT to estimate ppoFEV; as opposed to Planar
imaging lead to a gain of 18.2 life years, and $85,466 in annual costs, for every 1000 potentially resectable NSCLC
patients. The estimated ICER was $4694 for every life year gained. Using a threshold of $50,000, which is common
for cost—utility analysis, or even the more current inflation-adjusted value of $100,000-$150,000 (581, SPECT/CT
can be considered as highly ‘cost-effective’. SPECT/CT shifted 1.3% of the model patients from a nonsurgical
care pathway toward a surgical option and, in addition, 3.3% of SPECT/CT patients underwent a more extensive
surgical lung resection procedure than would have been recommended using planar imaging alone. While this led
to increased costs, health outcomes were also greatly improved, as demonstrated in the ICER.

Cost—effectiveness was also shown to be consistent in both mild-moderate emphysema, as well as moderate—
severe emphysema. The ICER remained the same in the scenario analyses due to the fact that shift in patients
toward surgical eligibility occurred proportionately for both imaging cohorts, so therefore while the total costs and
life years gained changed, the ICER did not as the changes were proportionate.
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Limitations

We acknowledge that this model has limitations, given that every economic analysis is a simplistic representation
of the real world. The major limitation is the study assumption that other factors that could potentially decide the
care pathway for a NSCLC patient (e.g., tumor size, location, age, etc.), do not play any differential role in the
estimated outcomes and therefore are not included in the model. Additionally, the clinical studies underlying the
extent of ppoFEV estimations are of small sample size and therefore cannot be fully generalized.

The model does not account for specific differences across the different study treatment options in terms of
peri- and postoperative complications (e.g., respiratory failure, infections, cardiovascular, etc.), and post-discharge
ancillary healthcare resource use including hospital re-admissions, rehabilitation, etc., due to paucity of published
evidence. As well, due to the lack of incorporation of specific clinical features, eg. lobar/lung collapse, in the
imaging estimation of ppoFEV}, the approach taken in this model may not apply to such clinical situations.

In addition, the average age/life expectancy for the US general population (78.8 years) was used to determine the
remaining life years that were lost due to a death. It is very possible that the life expectancy is reduced in NSCLC
patients, however, it is difficult to determine exactly by how much, given that the prognosis is largely dependent
on age, stage when identified, comorbidities and several other factors. As this model specifically evaluates early-
stage NSCLC patients with anatomically resectable tumors, the authors feel that this was a reasonable simplifying
assumption to make.

Lack of strong literature evidence required us to seek clinical expertise and input to inform care pathways and
resource utilization parameters. Last, the model does not assess the long-term impact of the treatment decisions,
nor does it assess the quality of life of these patients.

Conclusion

The results indicate that SPECT/CT is highly cost-effective compared with planar imaging in the assessment of
NSCLC patients for potentially curative lung resection surgery. SPECT/CT’s additional costs are primarily driven
by patients being shifted from a nonsurgical care pathway toward a relatively expensive but potentially curative
surgical option. This identification of a more refined treatment strategy subsequently increased the cohort’s survival.
Assuming all other factors are held constant, the life years gained are a direct function of a more accurate prediction
of ppoFEV values by SPECT /CT, which in turn lead to a slightly larger resection rate versus planar and improved
patient survival. Most importantly, SPECT/CT provides the Thoracic Surgeon a greater level of confidence in
proceeding with cancer resection in the borderline respiratory compromised patient.

Future perspective

Despite advances made in radiation therapy and chemotherapy, surgical resection of the tumor remains the best and
most consistent therapeutic option to improve survival in NSCLC patients, with ppoFEV; being the most critical
determinant when evaluating the feasibility of lung resection surgery. Traditional methods of planar scintigraphy
have been found to have limitations in terms of accurately assessing the differential contribution of pulmonary
lobes or segments, leading to patients being denied potentially curative surgery. The current economic model
indicates that the integrated information in the SPECT/CT scans may provide increased accuracy, leading to more
confidence in surgeons’ decision to operate and, ultimately, more patients correctly undergoing lung-resection
surgery, that would otherwise have been ruled out. We expect that SPECT/CT will become the standard of care in
the NSCLC diagnostic process, and this analysis predicts that patient outcomes, including survival, will improve
and that the investment in SPECT/CT technology will prove cost-effective.
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Summary points

e This study compared the cost-effectiveness of lung single-photon emission computed tomography combined
with conventional computed tomography (SPECT/CT) to planar lung scintigraphy in the treatment determination
for patients with non-small-cell lung cancer (NSCLCQ).

e An Excel-based economic model was developed from a US payer perspective. Associated clinical outcomes and
costs were obtained through a review of published literature.

e The primary clinical outcome estimated in the model was the difference in lung resection rates between the
SPECT/CT and planar cohorts. Effectiveness is expressed as the number of patient life years gained across the
different treatment options, assuming patients surviving at the end of the study time frame are free from tumor
and remain in remission until the end of their natural life.

e When compared with planar scintigraphy, it was determined that SPECT/CT is expected to lead to $85,466 ($85.5
per patient) in increased cost for a payer per 1000 patients per year, with an increased survival of 18.2 patient life
years. The incremental cost-effectiveness ratio (ICER) was determined to be $4694.

e Furthermore, SPECT/CT increased the ppoFEV+, and thus changed the therapeutic decision in 1.3% of nonsurgical
patients, moving them to a surgical option, while 3.3% of surgical patients were shifted to a more aggressive
surgical procedure.

e Sensitivity analysis showed that the model was most sensitive to three parameters: ppoFEV; underestimation for
SPECT/CT, lobectomy/pneumonectomy treatment costs and ppoFEV; underestimation for planar imaging.

e The results indicate that lung SPECT/CT is highly cost-effective compared with planar imaging for NSCLC patients.
While the resulting accuracy in imaging shifted some patients from a nonsurgical care path, resulting in overall
increased costs, there was an even more significant increase in patient life years.
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