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ABSTRACT

Introduction: Comparisons of subcutaneous (SC) and intravenous (IV) delivery of bio-
therapeutics in Europe have revealed differences in cost, convenience, and preference.
In the US, claims-based studies comparing SC and IV delivery have been limited. This
study compared resource utilization and expenditures between cohorts of patients
receiving the same drug by the SC or IV route of administration (ROA) across several
indications.
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Methods: Medicare Fee-For-Service claims were compared between cohorts of
patients who received SC- or IV-delivered abatacept, belimumab, daratumumab, inflixi-
mab, tocilizumab, trastuzumab/pertuzumab, or vedolizumab. For each drug, utilization
rates and healthcare expenditures per service site were compared between ROAs.
Observed differences in baseline characteristics were accounted for using Inverse
Probability Treatment Weighting models that balanced pre-index differences between

subcutaneous and
intravenous delivery;
Medicare claims; healthcare
resource utilization;
healthcare expenditures
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ROAs per drug. Each ROA comparison per drug and service site was weighted and
conducted independently.

Results: Across seven drugs, a total sample size of 158,632 (72,820 IV; 85,812 SC) was
analyzed. For most comparisons, high-spend sites were utilized at a higher rate for IV
administration. In particular, all comparisons revealed more frequent hospital out-
patient department utilization for the IV ROA. For five of the seven drugs, SC treat-
ment was associated with lower mean total Medicare expenditures, with savings of
up to $56,000 per patient annually. Although three SC treatments had higher medica-
tion index spend, the total spend for these drugs across sites was significantly lower
for SC delivery.

Limitations: Limitations of this study include differences in billing between the SC
and IV ROAs, potential treatment selection bias, and the assumption of equivalent
efficacy.

Conclusions: To our knowledge, this study was the first and largest US Medicare
claims analysis, comparing patients receiving SC or IV versions of the same therapeutic
across multiple drugs and indications. Findings demonstrated that SC delivery may
facilitate reduced resource utilization and expenditures across drugs and disease
indications.

CODES
110; 11

Introduction

Biologics for the treatment of cancer and autoimmune disease have historically been given by the intra-
venous (IV) route of administration (ROA); however, subcutaneous (SC) alternatives for many of these
treatments are increasingly available'. Each ROA has advantages and disadvantages that may influence
the selection of an appropriate ROA for a given drug and indication, including differences in
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convenience, comfort, total cost, and overall patient preference, with evidence favoring SC delivery rela-
tive to IV for each of these factors?™. However, comparisons of cost and resource utilization between SC
and |V delivery options in the US are limited.

Published studies across disease indications have consistently demonstrated reductions in healthcare
resource utilization and healthcare expenditures for SC delivery compared to IV, with most real-world
evidence derived from European countries®®. These studies were primarily time and motion micro-
costing analyses comparing a variety of factors between SC and IV delivery, namely the physical space
for administration, healthcare provider (HCP) time spent on delivery, and patient time spent traveling to
and from an appointment, at an appointment, or away from work®> . These studies found that switching
to SC delivery of biologics could reduce the costs related to surgery for central venous access, health-
care resource utilization, fees for drug preparation, and the cost of consumables®®. For example, switch-
ing patients from IV to SC daratumumab was found to save €29,460 annually in France and provided a
56.6% reduction in total expenses in Italy”'®. By contrast, in the US, differences in coding and billing
processes between ROAs have complicated the real-world comparisons of SC and IV delivery. SC delivery
can be managed and delivered through the pharmacy with the National Drug Code (NDC) as the identi-
fier, while IV delivery is typically managed using a more complex billing claim system under the health
plan management system®.

Current US-based real-world comparisons of SC- and IV-delivered treatment expenditures primarily
focused on one disease indication or one drug and had relatively small sample sizes''"'3. To gain a
more comprehensive understanding of the differences in real-world expenditures between the SC and IV
ROA, we examined US Medicare Fee-For-Service (FFS) claims from patients with cancer and/or auto-
immune conditions, as Medicare data include a large number of beneficiaries with a generally high util-
ization of healthcare services'®. Results of these analyses were then used to compare cohorts of patients
receiving the same drug by either SC or IV ROA across all included sites of healthcare service. The
objective of this study was to analyze and compare healthcare resource utilization and total Medicare
spend across Parts A, B, and D (including patient-out-of-pocket expenditures) of patients receiving either
SC- or IV-delivered treatment across multiple indications in the US.

Methods
Data sources

The claims data assessed were from the 100% Medicare Research Identifiable Files (RIFs), 100% Part D
Event (PDE), and 100% Master Beneficiary Summary File (MBSF) from 2019 through 2023. Drugs were
identified using the US Food and Drug Administration (FDA) NDC Directory (https://www.fda.gov/drugs/
drug-approvals-and-databases/national-drug-code-directory).

Drug selection

Supplemental Table 1 delineates the attrition of drug selection. Drugs for analysis were selected using
the FDA NDC Directory if the non-proprietary name of the drug had a “route name” of both SC and IV.
Drugs were removed if they were diluents, vitamins, opioid agonists, or insulin, as this analysis focused
on protein biologics. The criteria were then expanded to capture drugs with differing generic names
between ROA, biosimilars, and those dosed in combination rather than as a monotherapy. Biosimilars
were pooled with their respective drug cohorts based on ROA. Patient and claim volume in the
Medicare FFS databases (i.e. 100% RIFs for Medicare Part B and 100% PDE data) were assessed for the
remaining SC and IV drugs, leading to seven drugs, representing six therapeutic areas, included as index
medications for analysis: abatacept, belimumab, daratumumab, infliximab, tocilizumab, trastuzumab/per-
tuzumab, and vedolizumab (Supplemental Table 2). A full list of queried drugs and reasons for culling is
presented in Appendix A.

Assignment of route of administration to selected drugs

A hierarchy of rules were implemented to assign an ROA to each claim, as some Healthcare Common
Procedure Coding System (HCPCS) and NDC descriptors were found to be non-specific to the ROA. The
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hierarchy rules were as follows: 1. HCPCS modifier “JA” (indicating IV infusion) or “JB” (indicating SC
injection) on the drug’s claim line; 2. NDC code present on the Part B claim that identified a definitive
ROA; 3. drug administration HCPCS code present on the same claim and day that identified the ROA
(Appendix B); 4. if none of the above identified a Part B drug, then ROA was defined as “Unable to
Determine”; 5. All Part D drug claims were assigned as SC.

Patient inclusion and exclusion criteria

Using this curated list of seven drugs, patients with more than one claim of any of the index medica-
tions administered by an HCP and continuous enrollment in Medicare Parts A, B, and D for 6 months
prior to and 12 months after the index were assessed for eligibility. Patients were included in the ana-
lysis if they were continuously eligible in the post-index period through death. The index date was
defined as the date of the first claim during the observation period (2017-2023). A summary of patient
attrition can be found in Supplemental Table 2. Patients were excluded from analysis if they received an
index medication prior to the index date, had claims for both the SC and IV ROA of the same drug after
the index date, were under 18 years of age at index, or identified as having end-stage renal disease at
any point during the study period. Patients could be selected for multiple analyses if they received more
than one therapy on the list, as each SC versus IV analysis was conducted independently (e.g. analysis of
abatacept was independent of infliximab).

For patients who met eligibility criteria, all Medicare Part A, B, and D claims were extracted and used
for balancing study cohorts and assessing post-index outcomes. Data were drawn from the 100%
Medicare FFS files (2017-2023) which included the Medicare Research ldentifiable Files, Part D Event
Files, and Master Beneficiary Summary File.

Pre-index period adjustments

Differences in baseline characteristics between the SC and IV groups after independently assessing each
drug (i.e. age, gender, region, urban/rural residence, Medicare eligibility status, Charlson Comorbidity
Score, and pre-index healthcare spending) were examined using the standard mean difference between
groups. Inverse probability treatment weighting (IPTW) was used to control for covariates by creating a
weighted sample that balanced baseline differences between treatment groups (Appendix C)', with the
goal of emulating the conditions of a randomized control trial where treatment groups are expected to
be balanced across key baseline characteristics. Covariates (relevance described in Appendix D) were
included in the IPTW model for each drug cohort based on theoretical or clinical relevance and empiric
evidence of imbalance, namely a standard mean difference of more than 10% between SC and IV ROA
at baseline (summarized per drug in Supplemental Table 3), and therefore specific to each drug cohort
to minimize the introduction of bias. The propensity of receiving SC treatment versus IV treatment was
estimated for each drug using multivariate logistic regression, applying the covariates noted in
Supplemental Table 3 to calculate a stabilized weighting score for each beneficiary: the proportion of IV
beneficiaries or IV marginal probability of treatment divided by beneficiary propensity score, and the
inverse of 1 minus propensity score for SC beneficiaries (Appendix C).

Post-index utilization and spend analysis

Healthcare utilization was assessed across Medicare Parts A, B, and D, with a focus on the following ser-
vice sites: physician office, inpatient hospital, hospital outpatient department, emergency room (ER), dur-
able medical equipment (DME), home health, hospice, skilled nursing facility (SNF), and pharmacy
(Part D).

Prior to weighting, total Medicare payments (inclusive of patient out-of-pocket) were compared
between SC and IV delivery for each site of service, and additionally summed across all sites to calculate
the total Medicare spend for the SC and IV ROA of each drug. Additionally, the rate of utilization for
each site of service was compared between the two ROAs of each drug. IPTW weights, determined using
pre-index covariates, were then applied to compare the SC and IV ROA independently at each site of
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service, as well as for total spend for care (across all sites). IPTW-weighted Poisson regression was used
for modeling count data (non-negative integer values), such as the number of visits occurring within a
fixed period. IPTW-weighted gamma regression was used when the dependent variable represented
positive continuous data that was not normally distributed, such as total Medicare expenditure by site
of service (and across all sites). For example, the post-period spend outcome (per patient per month
spending) was calculated by multiplying post-period spend by the weighting factor applied for that indi-
vidual patient and divided by the total number of months in the post-period.

Ethics

This study was performed in compliance with ADVI Health’s data use agreement with the Centers for
Medicare and Medicaid Services (CMS) for retrospective analysis of Medicare claims.

Results
Patient characteristics for each drug by ROA

A total sample size of 158,632 was analyzed, including 72,820 with treatment by the IV ROA and 85,812
with treatment by the SC ROA, representing patients with rheumatoid arthritis, lupus, multiple myeloma,
Crohn'’s disease, breast cancer, and ulcerative colitis. The distribution of patients who received the SC or
IV ROA for each of the seven drugs is presented in Table 1.

Statistically significant differences (standard mean difference >10%) in demographic and pre-period
variables were found between the SC and IV cohorts for each of the seven drugs (Supplemental Tables
4-10). Six of the seven drugs had a statistically significant difference in mean age between the SC and
IV ROAs. Patients receiving SC treatments were significantly older for daratumumab, infliximab, trastuzu-
mab/pertuzumab, vedolizumab while patients receiving IV treatments were significantly older for abata-
cept and belimumab. Other differences were commonly found in Medicare/Medicaid dual eligibility
status, region, urban/rural status, and pre-period spending.

Healthcare resource utilization and spend

Across all weighted drug comparisons of SC versus IV, rates of hospital outpatient department visits in
the post-index period were significantly higher for patients receiving treatment through the IV ROA
(Table 2). Similarly, ER visits were more commonly associated with IV administration or had no significant
difference between ROAs (Table 2, Supplemental Tables 11-12). Two drugs, belimumab and infliximab,
had significantly higher rates of physician office visits when delivered by the SC ROA compared to the
IV ROA (Table 2, Supplemental Table 12). When delivered by the SC ROA, infliximab also had significantly
higher rates of inpatient utilization as well as greater utilization of lower spend sites of care (DME, home
health, hospice, and SNF) (Table 2, Supplemental Table 12).

The post-index mean total Medicare spend for patients receiving either the SC or IV ROA for each
drug was calculated per study patient per month and extrapolated to annual spend (inclusive of
Medicare and patient out-of-pocket costs), and differences in spend between ROA for each drug were
compared (Table 3, Supplemental Table 13). For 5 of the 7 drugs (abatacept, belimumab, daratumumab,
tocilizumab, and vedolizumab), the IV ROA was associated with higher mean total Medicare expenditure
in the post-index period compared to SC, ranging from approximately $12,000 to $56,000 more per
patient per year, with the exceptions being infliximab and trastuzumab/pertuzumab, whose differences

Table 1. Drugs included for analysis'®™>.

Generic drug name IV patients included in the study SC patients included in the study Indication(s)
Abatacept 13,724 31,002 Rheumatoid arthritis
Belimumab 1,413 3,421 Lupus

Daratumumab 15,631 9,629 Multiple myeloma

Infliximab 25,882 8,443 Crohn's disease

Tocilizumab 5,181 22,515 Rheumatoid arthritis
Trastuzumab/Pertuzumab 4,487 658 Breast cancer

Vedolizumab 6,502 10,144 Ulcerative colitis/Crohn’s disease

Abbreviations: IV: intravenous; SC: subcutaneous.
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Table 2. Comparison of the post-index number of claims of visits to specific sites of care.

Index medication Physician Inpatient ER visit®? Hospital outpatient DME® Home Hospice© SNF€
office visit® visit? department visit® health®

Abatacept 1\ \% \% \% \% \%

Belimumab SC \% \% \% vV

Daratumumab I\ 1\ [\ [\ \% [\

Infliximab SC SC [\ 1\ SC SC SC SC

Tocilizumab 1\ \% \% \% \% \% \% \%

Trastuzumab/Pertuzumab 1\ \% \% \%

Vedolizumab 1\ [\ [\ I\

Abbreviations: DME: durable medical equipment; ER: emergency room; IPTW: Inverse Probability Treatment Weighting; IV: intravenous; SC:
subcutaneous; SNF: skilled nursing facility.

Post-index number of claims for visits were determined using Poisson regression analysis with IPTW weighting (variables per drug provided
in Supplemental Table 3). Visits are defined as individual claims within the payment system, except for physician office, which were unique
dates of service by the same billing National Provider Identifier. “IV” or “SC" indicates a significantly higher rate (p <0.05); no designation
represents no statistical difference. Blue shading indicates higher use for SC delivery. Green shading indicates higher use for IV delivery. Grey
shading indicates no significant difference between routes.

?Indicates a major cost site.

bEmergency room visit is defined as either an inpatient or hospital outpatient department claim with charges associated with ER revenue
centers. These claims were made mutually exclusive from either inpatient or hospital outpatient department visits.

“Indicates a lower cost site.

Table 3. Comparison of mean total spend® post-index.

Index drug IV patients PPPM SC patients PPPM IV difference to Annualized P-value Difference ratio
total spend total spend SC PPPM difference
(IV to SC)
Abatacept $10,395 $9,183 $1,212 $14,539 <0.0001 1.13
Belimumab $12,341 $9,707 $2,634 $31,612 <0.0001 1.27
Daratumumab $68,816 $66,387 $2,429 $29,147 <0.0001 1.04
Infliximab $8,381 $8,428 —$47 —$566 0.6507 0.99
Tocilizumab $13,243 $8,573 $4,669 $56,031 <0.0001 1.54
Trastuzumab/ $32,425 $32,485 -$2 $19 0.9987 1.00
Pertuzumab
Vedolizumab $12,895 $11,684 $1,211 $12,536 <0.0001 1.10

Abbreviations: IPTW: Inverse Probability Treatment Weighting; IV: intravenous; PPPM: per study patient per month; SC: subcutaneous.

Results are presented as PPPM due to the varying length of observations for some patients in the post-index period. Total spend includes
mean PPPM and were calculated using a gamma regression model with IPTW weighting (variables per drug provided in Supplemental
Table 3). The difference ratio was calculated as IV PPPM divided by SC PPPM. Green shading indicates higher spend for IV delivery. Grey
shading indicates no significant difference between routes.

Total spend is the sum of all payers: Medicare, patient out-of-pocket, and any third-party payers (less than 1% of claims on average).

did not reach statistical significance. Three drugs (abatacept, daratumumab, and vedolizumab) were
associated with significantly higher expenditures for index drug medication for the SC ROA compared to
IV; however, the total spend for these three drugs across all sites of care was significantly lower for the
SC ROA (Supplemental Table 13).

Spend for treatment in a physician’s office was higher for the SC cohort for all drugs included in the
study (Supplemental Table 13). Pharmacy (Medicare Part D) spending for non-index drugs (e.g. Part D
spending for all other Part D drugs other than the index drug) was significantly higher for patients
receiving the IV ROA across all drug cohorts except for trastuzumab/pertuzumab.

Discussion

To our knowledge, this study represents the most comprehensive US-based comparison of healthcare
resource utilization and spend between patients receiving either SC or IV delivery of the same drug
across 7 drugs and 6 indications. Data presented here revealed that for most studied therapeutics, SC
delivery was associated with a reduction in both healthcare utilization rates and expenditures based on
the analysis of a total sample size of 158,632 (72,820 IV; 85,812 SC) representing patients with rheuma-
toid arthritis, lupus, multiple myeloma, Crohn’s disease, breast cancer, and ulcerative colitis. Consistently,
the IV ROA demonstrated higher utilization rates for most therapies across major sites of service. After
adjusting for observable baseline differences between the SC and IV groups, the analyses revealed statis-
tically significant reductions in total Medicare FFS expenditures (including patient out-of-pocket costs)
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ranging from $12,000 to $56,000 per year with the use of the SC ROA for 5 of the 7 therapies studied
compared to their IV counterparts.

The key finding that the SC ROA was often associated with a lower overall cost of care compared
with the IV ROA for the same drug is consistent with prior studies that demonstrated lower time alloca-
tion, resource use, and expenditures associated with the SC ROA in multiple disease indications across
several countries®®?°7’, However, the limited number of prior US studies comparing expenditures
between SC and IV delivery are more variable and of smaller scale’'™'3. A claims analysis of the Medco
Health Solutions PBM database included 1,090 US patients with rheumatoid arthritis and demonstrated
that annual spend was approximately $16,000 less per effectively treated patient with SC-administered
biologics compared to IV'". A meta-analysis drawing from 916 patients administered epoetin found that
the SC ROA used lower doses of drug compared to the IV ROA, which translated to annual savings of
approximately $1,761 + $1,080 per patient'?. In contrast, a claims analysis using the PharMetrics Plus
database found that of 1,639 patients newly diagnosed with primary immunodeficiency, median primary
immunodeficiency-related total costs for IV immunoglobulin treatment were lower than for SC treat-
ment, partially due to higher SC drug costs relative to IV'?. Differences in previous US studies may be
due to each analysis examining individual drug classes and indications as well as whether SC dosing
was self-administered or HCP-administered, emphasizing the need for further studies to examine a wider
variety of classes and disease areas. The IV formulations of the therapies in our study are HCP-
administered and the SC versions of vedolizumab, infliximab, belimumab, abatacept, and tocilizumab
have an option for self-administration.

Despite the increased availability of SC versions of drugs originally approved for the IV ROA in recent
years' and the potential for reduced expenditures, the use of the SC ROA is strikingly lower in the US
compared to Europe and Canada. For example, a study published in 2023 compared the use of the SC
and IV ROA between two oncology centers of excellence, one in the US and one in Canada, revealing
stark differences in ROA selection: 99.5% of patients at the US center exclusively received treatments by
the IV ROA while 95.3% of patients at the Canadian center received treatments by the SC ROA at some
point in their treatment journey®®. A significant factor explaining this disparity may be the physician
reimbursement policy of US health insurers. The buy-and-bill model of reimbursement financially incenti-
vizes IV delivery of therapeutics by allowing the cost of IV drugs administered in an infusion center or
other clinical setting to be billed to payers, potentially generating considerable revenue for oncology
practices**°, To this point, a previous analysis of Medicare data from 2006 to 2009 examined factors
associated with prescribing initial treatments (IV-administered infliximab or SC-administered etanercept
or adalimumab) for patients with rheumatoid arthritis, revealing that physician preferences for infused
therapies were related to reimbursement and resulted in greater use of IV infliximab*°.

Beyond the generally higher cost to CMS for IV administration, this present study implies lower
Medicare patient out-of-pocket spend for SC treatments compared to their IV counterparts across mul-
tiple indications. Out-of-pocket fees are determined as a percentage of the cost of the entire health
encounter (e.g. 20% for Medicare Part B drugs) and therefore, patients can predict their expected out-of-
pocket spending over a finite period of time given the expected dosing schedule. Some SC drugs
require more frequent administration compared to their IV counterparts (e.g. abatacept, belimumab,
infliximab, tocilizumab, and vedolizumab'®™?°) producing a potential concern that SC may cost more to
patients due to an increased number of health encounters for administration. Therefore, for patients
who may be more cost-sensitive, the direct out-of-pocket spend for a surmised increase in visit fre-
quency may discourage SC use. However, the data presented here demonstrate that, in most cases, the
SC ROA facilitated reduced downstream utilization of other Medicare services (e.g. hospitalizations, ER
visits, SNF stays) that may subsequently provide downstream out-of-pocket savings for patients com-
pared to the IV ROA. Previous studies have described several factors that can contribute to these
observed savings for SC delivery, including lower drug preparation costs and time, drug wastage, use of
consumables, administration time, and chair time>~#323°,

There were several limitations to this study. One limitation is a potential ROA selection bias, which may
have been influenced by unobservable factors (e.g. clinical presentation not captured by ICD-10, family or
home situation of the patient) not captured by a claims analysis. Comparable efficacy and safety, as dem-
onstrated in Phase 3 clinical trials comparing the SC and IV ROAs of a given drug, was assumed between
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SC and IV formulations and therefore, real-world clinical outcomes were not tested in this study. To this
point, variability in real-world treatment protocols and adherence can complicate the interpretation of clin-
ical outcomes and make it harder to attribute any observations to ROA alone. While IPTW is a commonly
used method to adjust for patient characteristics*'*?, it can be prone to extreme weights and subsequent
bias*>. However, this approach avoids model overfitting and instability by limiting each drug’s IPTW model
to the covariates that appeared most likely to contribute to imbalance or confound the results. It also min-
imizes influence on the data by avoiding unnecessary adjustment for variables with minimal observed
imbalance, particularly when those variables are unlikely to be strong confounders for the treatment-
outcome relationship in the specific drug cohort. The inclusion of every measured variable, particularly
those that are already balanced or unlikely to confound the treatment-outcome relationship, could intro-
duce instability in the weighting and increase the variance**. Upon evaluating the IPTW models, the effect-
ive sample size ratio remained high (approximately 92%) and comparable to the unweighted sample size,
suggesting minimal influence on the overall model variance. Additionally, this research question does not
appear to have been examined previously in Medicare FFS data; therefore, another limitation was that
learning from and expanding on previous efforts in a similar dataset was not possible.

This study was also limited by differences in billing between the SC and IV ROAs as well as potential
misclassifications of ROA. The specificity and visibility of the medical coding process can differ between
SC- and IV-administered drugs, adding to uncertainty in our study. Real-world claims data also contain a
degree of error in coding. A 2024 Medicare FFS Supplemental Report on Improper Payment Data found
an improper payment rate of 10.3% (95% Cl = 9.5%—11.2%) for all Part B services, with 18.5% of this
rate attributable to incorrect coding®. Indexed patients who switched ROA at any point in the study
were excluded. However, three therapies (vedolizumab, infliximab, and belimumab) require an IV induc-
tion period before changing to SC for some indications'’'82%2" Therefore, patients on these therapies
indexed between 2017 and 2022 who were in the SC maintenance phase when they entered the study
(Supplemental Table 14) may have accrued expenses related to the IV ROA prior to indexing, which
would have increased costs attributable to the SC ROA.

Future studies are warranted to further investigate health outcomes associated with each ROA. More
specifically, rates of drug-specific adverse events, morbidity, mortality, drug adherence, and other varia-
bles may identify key differences in the utilization of each ROA. Additionally, an analysis of beneficiaries
who switch ROA to determine reasons for switching may provide insight into patient and/or physician
preferences. When taken in the context of the body of evidence of potential savings associated with SC
delivery, these results provide the impetus for updates to current access and reimbursement policies by
US payers and health policy makers to capture these potential downstream savings. As patients often
report a preference for the SC ROA*™8, updates should focus on addressing the misalignment of
patient, physician, and payer interests concerning IV and SC ROA.

Conclusions

To our knowledge, this was the most comprehensive US Medicare FFS claims analysis to compare
patients receiving SC- or IV-administered treatments across multiple disease indications in a real-world
setting. This study demonstrated that, across most included biologics, SC delivery was associated with
lower resource utilization and lower total Medicare spend compared to the IV counterpart. The results
from this study highlight the potential financial advantages of pursuing SC delivery for patients which
remain consistent across multiple disease indications.
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