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Purpose: In the wake of ever-increasing health care costs, solutions are sought to make health care more affordable, such as moving 
hospital outpatient procedures to office-based laboratory (OBL) settings. A budget impact model was constructed to estimate the health plan 
cost benefit of moving 50% of yttrium-90 resin microspheres (Y-90) selective internal radiation therapy (SIRT) procedures for unresectable 
liver metastases associated with primary colorectal cancer (CRC) from a traditional hospital outpatient setting (HOPPS) to an OBL setting.
Methods: The eligible population was estimated using an incidence-based approach for a hypothetical health plan with 1 million 
covered lives. Modeled costs were based on 2024 Medicare reimbursement rates. Three treatment scenarios were considered: 1) base 
case HOPPS, 2) hybrid (HOPPS/OBL), and 3) OBL settings. Budget impacts were estimated as the differences in annual total cost of 
treatment after switching 50% of Y-90 SIRTs from HOPPS to the hybrid (HOPPS/OBL) or OBL setting. Per-member-per-month 
(PMPM) budget impacts were also calculated. Sensitivity analyses were conducted by varying the proportions of patients shifting 
settings and the treatment setting they were shifting into.
Results: Annually, 28 patients were estimated to have metastatic CRC and unresectable liver metastases in a health plan of 1 million 
members. Average estimated per-patient cost savings would be $8,791 by switching one patient to a hybrid setting and $17,697 for 
a patient switched to the OBL. Switching 50% of eligible procedures resulted in PMPM cost benefits to the plan of $0.0102 for hybrid 
setting and $0.0206 for OBL. In sensitivity analyses, annual cost savings for the health plan were affected by both the proportion of 
patients shifted and the setting they were shifted into.
Conclusion: Shifting a percentage of the treatment of unresectable liver metastases with Y-90 SIRT to the OBL setting results in 
modest cost benefits for US health plans.

Plain language summary:  
• Due to the increasing costs of health care, simple changes that can reduce costs are sought. 
• In this study, we created an economic model to determine if it would save money for US health insurance payors if half of the 

treatments for metastatic liver cancer, using a procedure called Y-90 selective internal radiation therapy (SIRT), were done in 
a doctor’s office instead of an outpatient hospital. 

• The results showed that moving some of these treatments to the doctor’s office would save money for US health insurance plans. 
• This finding could help to inform policy decisions to enable or expand payor funding channels for these types of procedures to be 

performed in doctor’s office settings. 
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Introduction
Colorectal cancer (CRC) was one of the top five most common cancers in 2023 for both incidence and mortality in the 
USA,1 and its incidence has been increasing in people under the age of 55 since the 1990s.2 Given this burden of disease, 
it is important that patients have access to therapeutic options across treatment settings.

Metastatic disease to the liver is the most common form of malignancy in CRC.3 Surgical interventions provide 
potentially curative options for selected patients, but most have unresectable tumors and are not eligible for surgery.4 

Selective internal radiation therapy (SIRT) with yttrium-90 resin microspheres (Y-90) is indicated for the treatment of 
unresectable metastatic liver tumors from primary CRC in patients that are refractory to, or intolerant of, chemotherapy.5

It has been demonstrated that administering Y-90 SIRT in an office-based laboratory (OBL) setting is both feasible 
and efficient,6 but an analysis of the cost savings of switching from a traditional hospital outpatient setting (HOPPS) to 
the OBL setting has not been previously undertaken.

We developed a budget impact model (BIM) to assess the incremental effect on total health plan expenditures within 
a US health plan. This involved estimating the conversion of a percentage of Y-90 SIRTs for unresectable liver 
metastases associated with primary CRC from a HOPPS to either an OBL or hybrid HOPPS/OBL setting.

Methods
Ethics
Review and approval by an institutional review board or ethics committee was not required for this research as the study 
did not involve patient interventions or include patient data.

Model Inputs
The size of the CRC population of interest within the plan was estimated using an incidence-based approach for 
a hypothetical health plan with 1 million covered lives.

The US payor perspective was adopted in this analysis. Therefore, only reimbursed medical expenditures were 
included in the cost estimates. Modeled costs were based on 2024 published reimbursement rates from the Center for 
Medicare and Medicaid Services (CMS),7 and included treatment costs associated with imaging, product administration, 
staff time, and materials acquisition. Three treatment settings were considered in the model: 1) the HOPPS (base case), 2) 
the OBL setting and 3) a hybrid setting where the pre-treatment work-up occurred in the HOPPS but the Y-90 SIRT 
procedure was administered in the OBL setting.

As this BIM was created as a proof-of-concept model to demonstrate immediate cost benefits to private US payors of 
moving Y-90 SIRT procedures to a new setting of care, the time horizon utilized for this model was 1 budget year.

Budget Impact - Model Outputs
The base case of the BIM was defined as 100% of eligible patients receiving treatment in the HOPPS. Economic 
outcomes are provided as: 1) average reimbursement cost per patient in each of the three treatment settings, 2) per-patient 
average reimbursement cost difference after switching from the HOPPS to the OBL or hybrid setting, and 3) per-member 
-per-month (PMPM) budget impact to the whole health plan of switching 50% of eligible patients to the OBL or hybrid 
setting from a HOPPS. The budget impact, on a PMPM basis, was calculated as the total budget impact divided by the 
number of covered lives, divided by 12 months.

Sensitivity Analyses
One-way sensitivity analyses were performed to quantify the impact in response to changes in key variables (percentage 
of patients who shifted treatment settings, and the setting to which the patients shifted). Tornado diagrams were created to 
show the increase or decrease in incremental budget impact on a PMPM basis after both the treatment setting and the 
percentages of procedures shifted. The sensitivity analysis examined ±25% additional shifts in both treatment settings 
from the main base case analysis of 50% of patients switching settings.
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Tornado diagrams were created to show the increase or decrease in incremental budget impact on a PMPM basis 
associated with either 25% switch (25% decrease from the base case) or 75% switch (25% increase in the base case) in 
the input value used in the model. The magnitude of the increase or decrease is shown in a single row in the tornado 
diagram and rows are sorted to show the change in the incremental PMPM budget impact associated with the change in 
the model input value.

Results
Budget Impact Analyses
In a hypothetical 1-million-member insurance plan, using an incidence-based approach, 28 patients annually were 
estimated to have metastatic unresectable CRC with liver-only metastases and were therefore eligible for Y-90 SIRT 
(Supplementary Table 1).8–18

Individual patient reimbursement costs for the HOPPS were $54,967 versus $46,176 in the hybrid setting and $37,270 
in the OBL setting (Supplementary Table 2). The average per-patient reimbursement cost benefit to the plan of switching 
Y-90 SIRT procedures in the plan from the HOPPS to the hybrid setting was $8,791 and the average per-patient 
reimbursement cost benefit of switching eligible Y-90 SIRT procedures to an OBL setting was $17,697.

The base case scenario of 100% of eligible patients receiving Y-90 SIRT in the HOPPS is associated with an average 
total health plan expenditure of $1,533,891. The total plan expenditures after switching 50% of the base case to the 
alternative treatment settings would be $1,013,863 and $889,605, after switching to the hybrid and OBL settings, 
respectively. Switching 50% of the procedures from a traditional HOPPS setting to one of the alternative treatment 
settings was associated with modest PMPM cost savings for the plan, specifically a $0.0102 cost benefit for switches to 
the hybrid setting and a PMPM cost benefit of $0.0206 for switches to the OBL (Table 1).

Sensitivity Analyses
Results of the one-way sensitivity analyses are presented in Figure 1, depicting the effect of varying the percentages of 
procedures shifting to each of two alternative treatment settings. Annual reimbursement cost savings for the health plan 
were affected by both the proportion of patients shifted and the treatment setting they were shifted into. In these 
sensitivity analyses, PMPM ranged from a cost benefit of $0.0051 for a 25% switch to a hybrid setting to $0.0309 for 
a 75% switch to an OBL setting. The higher the percentage of patients shifting resulted in a larger cost savings for the 
plan, and a greater percentage of patients shifting to the OBL setting over the hybrid setting also provided more cost 
benefit (Figure 1).

Table 1 Health plan expenditures and cost benefit to plan from switching 50% of Y-90 procedures from HOPPS to the 
hybrid (HOPPS/OBL) or OBL setting

HOPPS HYBRID  
(HOPPS+OBL)

OBL

Total per-patient expenditures $54,967 $46,176 $37,270

Reimbursement cost savings per-patient switched from HOPPS to alternative setting - + $8,791 + $17,697

Total base case scenario per-health plan expenditures (100% in HOPPS) $1,533,891 - -

Total alternative scenario per-health plan expenditures (50% in HOPPS, 50% shift) - $1,013,863 $889,605

PMPM cost benefit to plan switching 50% from HOPPS to alternative setting - + $0.0102 + $0.0206

Abbreviations: HOPPS, hospital outpatient setting; OBL, office-based laboratory; PMPM, per-member-per-month; -, not applicable.
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Discussion
In this study, we estimated the cost savings for a US payor generated by shifting a percentage of Y-90 SIRT procedures 
for unresectable liver metastases associated with primary CRC from a traditional HOPPS to an OBL setting. It has been 
demonstrated that administering Y-90 SIRT in the OBL setting is both feasible and efficient but an analysis of the cost 
savings of switching from a traditional HOPPS to the OBL setting has not been previously undertaken.6

This is also the first study to evaluate the hybrid setting, which is applicable to many OBL centers that do not have the 
single-photon emission computed tomography (SPECT)/computed tomography (CT) equipment onsite that is needed for 
the pre-treatment mapping of embolization procedures. We found that switching any amount of Y-90 SIRT procedures to 
one of the alternative treatment settings resulted in cost savings for the plan.

This model was developed according to established health economic guidelines,19 but we acknowledge a few 
limitations. The budget impact estimates are for a hypothetical 1-million-member health plan and may not be general
izable to other health plans. Results for an actual health plan may differ based on several factors, including the size of the 
treated patient population, costs of treatments and other health care resources, use of patient access restrictions (eg, cost- 
sharing, prior authorization), and market shares of treatments.

This analysis was done using 2024 CMS standard published rates,7 so it is an average scenario of Medicare 
reimbursement for the entire USA. Thus, this analysis is a conservative estimate, and may underrepresent the cost 
savings of switching to the OBL setting for other lines of business (eg, commercial insurance) or in higher-cost health 
care markets in the country.

Additionally, this model estimates the number of advanced-stage patients who would be potentially eligible for Y-90 
SIRT based on existing US epidemiology incidence data. Other inclusion criteria such as the proportion of unresectable, 
liver-only metastases, are based on estimates from the literature. As such, patients selected for this analysis may not 
represent the totality of patients eligible for Y-90 SIRT in the USA.

Conclusions
BIMs are used to determine the financial impact of making a change (ie, a new drug, a new device, or in this case, 
a change of treatment setting) on the budgets of healthcare payors. This model found that shifting 50% of the treatment of 
unresectable liver metastases with SIRT with Y-90 resin microspheres to the OBL setting results in modest cost savings 

Figure 1 Sensitivity analysis for change in average PMPM budget impact for varying treatment settings and proportion of switches. 
Notes: Change in PMPM budget impact from the base case (50% switch). Tornado diagrams were created to show the increase or decrease in incremental budget impact on 
a PMPM basis associated with either 25% switch (25% decrease from the base case) or 75% switch (25% increase in the base case) in the input value used in the model. The 
magnitude of the increase or decrease is shown in a single row in the tornado diagram and rows are sorted to show the change in the incremental PMPM budget impact 
associated with the change in the model input value. 
Abbreviations: HOPPS, hospital outpatient setting; OBL, office-based laboratory; PMPM, per-member-per-month.
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for US health plans, but shifting any percentage of these procedures will result in reimbursement cost savings for the 
plan.

Abbreviations
BIM, budget impact model; CMS, Center for Medicare and Medicaid Services; CRC, colorectal cancer; CT, computed 
tomography; HOPPS, hospital outpatient setting; OBL, office-based laboratory; PMPM, per-member-per-month; SIRT, 
selective internal radiation therapy; SPECT, single-photon emission computed tomography; Y-90, yttrium-90 resin 
microspheres.
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