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Background: The Phase III INAVO120 trial established inavolisib-based therapy as a superior first-line treatment for PIK3CA-
mutated, HR-positive, HER2-negative advanced breast cancer, a finding of particular importance for the historically underrepresented
male population with high unmet need.

Methods: A lifetime Markov model was developed from a US payer perspective to evaluate the cost-effectiveness of inavolisib plus
palbociclib and fulvestrant versus placebo plus palbociclib and fulvestrant in men with PIK3CA-mutated advanced breast cancer.
Primary outcomes were life-years (LYs), quality-adjusted life-years (QALYSs), and the incremental cost-effectiveness ratio (ICER).
Results: The inavolisib group provided an additional 1.23 LY's and 0.69 QALYs compared to the placebo group, resulting in an ICER
of $886,440 per QALY. One-way sensitivity analysis identified the price of inavolisib as the primary driver of the ICER. Probabilistic
sensitivity analysis showed a 0% probability of inavolisib being cost-effective at a willingness-to-pay threshold of $150,000 per
QALY.

Conclusion: Inavolisib-based therapy is not cost-effective for treating PIK3CA-mutated advanced male breast cancer at its current
price. Significant price reductions or adjustments to value assessment frameworks are required to ensure equitable access for this
underserved population.

Plain Language Summary:

1. First Economic Model for Ultra-Rare Subgroup

This study presents the first economic evaluation of inavolisib for the treatment of PIK3CA-mutated male breast cancer—an ultra-
orphan population with an incidence rate of 0.5-1.3 per 100,000 individuals, and significant unmet medical needs.

2. Clinically Effective but Cost-Prohibitive

Although inavolisib extends median progression-free survival by 10 months, its incremental cost-effectiveness ratio (ICER) is
$886,440 per quality-adjusted life year (QALY), which exceeds conventional US cost-effectiveness thresholds ($150,000/QALY) by
nearly six-fold, resulting in a 0% probability of affordability under current benchmarks.

3. Orphan-Specific Value Distortions

Standard cost-effectiveness models fail to account for male-specific health utilities and societal productivity costs, thereby under-
estimating the true therapeutic value.

4. Policy Solutions for Rare Cancers

To improve access and equity, policy interventions should include prevalence-adjusted ICER thresholds, cross-indication drug
subsidy mechanisms, and universal PIK3CA mutation screening.
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Introduction

Male breast cancer (MBC), accounting for less than 1% of male malignancies and less than 0.9% of all breast cancers,
presents distinct epidemiological, clinicopathological, and socioeconomic challenges relative to female breast cancer
(FBC). Epidemiologically, its incidence is approximately 130-fold lower than that of FBC, yet diagnoses occur at a later
median age with significantly higher rates of advanced-stage presentation.' Clinicopathologically, MBC exhibits more
aggressive features, including larger tumors, frequent nodal involvement, and near-universal estrogen receptor
positivity.*> These disparities are biologically rooted in dysregulated androgen-estrogen crosstalk that amplifies PI3K/
AKT signaling. PIK3CA mutations are recurrent in MBC and represent a clinically actionable target in a substantial
subset of patients, particularly in the hormonal receptor (HR) positive/human epidermal growth factor receptor 2 (HER2)
negative subtype common among males.®’

Despite this high mutation prevalence, therapeutic approaches for MBC largely remain extrapolated from FBC
guidelines due to systemic limitations: 97% of clinical trials exclude male patients,® and only 29% undergo guideline-
recommended PIK3CA testing.” Consequently, patients often experience delayed diagnoses,” limited availability of
targeted therapies, and significantly worse survival outcomes.'® This therapeutic marginalization compounds socio-
economic burdens, including 50% higher diagnostic costs and 136% greater productivity losses. These disparities are
amplified by the demographic predominance of male patients as primary household earners, intensifying the societal
economic toll."" The distinct clinical trajectory and economic profile of MBC necessitate a dedicated cost-effectiveness
evaluation, rather than extrapolation from female data, to accurately assess the value of new interventions in this
underserved population.

Inavolisib, an orally administered, phosphatidylinositol-3-kinase alpha (PI3Ka) inhibitor, represents a breakthrough
for PIK3CA-mutated advanced breast cancer, receiving FDA approval in October 2024 for the treatment of adults with
endocrine-resistant, PIK3CA-mutated, HR-positive, HER2-negative, locally advanced or metastatic breast cancer.'* This
development holds particular significance for the historically underrepresented male patient population. The mature
overall survival (OS) data from the INAVO120 trial, published subsequently, confirmed a significant clinical benefit, with
the inavolisib-based regimen demonstrating a median OS of 34.0 months versus 27.0 months with placebo, and a median
progression-free survival (PFS) of 17.3 months versus 7.3 months.'® This clinical breakthrough holds particular
significance for MBC, who have historically been excluded from pivotal trials. However, the substantial incremental
clinical benefit provided by inavolisib raises a critical economic question: does this survival gain justify the associated
costs within this high-need, ultra-rare population marked by accelerated productivity loss and distinct care pathways?
A formal cost-effectiveness analysis of inavolisib-based therapy in PIK3CA-mutated MBC is therefore imperative to
inform equitable reimbursement policies and gender-specific clinical guideline development. The objective of this study
was to evaluate the cost-effectiveness of inavolisib-based therapy versus placebo in the first-line setting for men with
PIK3CA-mutated, HR-positive, HER2-negative advanced breast cancer in the US.

Methods

Patients and Treatment

The target population was aligned with that of the INAVOI120 trial,'* comprising men diagnosed with PIK3CA-mutated,
HR-positive, HER2-negative locally advanced or metastatic breast cancer. Patients received a luteinizing hormone-releasing
hormone agonist for hormone suppression throughout the trial intervention period. Participants were randomly assigned to
receive either inavolisib or placebo, both administered in combination with palbociclib and fulvestrant. For the present cost-
effectiveness analysis, model survival inputs for both the inavolisib and placebo groups were derived from the updated,
mature survival data of the INAVO120 trial (median OS: 34.0 vs 27.0 months; median PFS: 17.3 vs 7.3 months)."

The drugs were administered as follows:

e Inavolisib: 9 mg orally once daily on days 1 to 28 of each 28-day cycle.
e Palbociclib: 125 mg orally once daily on days 1 to 21 of each 28-day cycle.
e Fulvestrant: 500 mg administered intramuscularly on days 1 and 15 of cycle 1, and then every 28 days thereafter.
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Model Structure

We developed a Markov model to evaluate the cost-effectiveness of the inavolisib plus palbociclib and fulvestrant
(inavolisib group) compared to placebo plus palbociclib and fulvestrant (placebo group) in men with PIK3CA-mutated,
HR-positive, HER2-negative locally advanced or metastatic breast cancer, from the US payer perspectives over a lifetime
horizon. The Markov model consisted of three mutually exclusive health states: progression-free survival (PFS),
progression of disease (PD), and death (Figure 1). Only direct medical costs were considered. Each model cycle
represented 28 days to align precisely with the administration schedule of the evaluated treatment regimens. A half-
cycle correction was applied to account for the assumption that state transitions occur continuously throughout a cycle,
thereby improving the accuracy of cost and outcome estimates. Only direct medical costs were considered. Both costs
and effectiveness outcomes were discounted at an annual rate of 3%.

The Markov model embraced the following key assumptions:

e All patients entered the model in the PFS state and initiated first-line therapy.

e Patients received the assigned first-line regimen while in the PFS state and discontinued it upon transition to the PD
state or due to unacceptable toxicity.

e Patients who transitioned to the PD state received subsequent standard-of-care systemic therapies in accordance
with the National Comprehensive Cancer Network guidelines.'> All patients have good compliance in any state.

e In the model, probabilities from PFS to death were assumed to be the same as the natural mortality rate,16 derived
from US life tables accounting for age- and sex-specific death rates.'’

¢ Health-state utilities were sourced from published studies with patient demographics matching the INAVO120 trial

population, assuming equivalence to FBC utility values.'® 2!

Survival Analysis and Parameter Estimation

Data Extraction and Curve Fitting

Individual patient time-to-event data for PFS and OS were digitally reconstructed from the published Kaplan-Meier
curves of the INAVO120 trial (based on the updated 2025 data) using GetData Graph Digitizer software (version 2.26).
The reconstructed data for both the inavolisib and placebo groups were then used to fit parametric survival distributions.
The Weibull distribution was selected for extrapolation based on visual inspection of the curve fit and comparison of
statistical goodness-of-fit criteria, specifically the Akaike Information Criterion (AIC). The scale (A) and shape (y)
parameters for the Weibull models were estimated via maximum likelihood estimation using R software (version 4.3.1).
The goodness-of-fit for each fitted curve is reported as the R? value (Table 1).

Calculation of Transition Probabilities

Cycle-specific transition probabilities for the Markov model were derived from the fitted Weibull survival functions. The
probability of transitioning from a given health state (PFS) to an event state (PD or Death) within a specific model cycle (t) was
calculated using the standard hazard conversion formula for the Weibull distribution:** P(t)= 1 —exp [A (t— 1) "= At *], where

Inavolisib group

PIK3CA-Mutated Advanced .

Male Breast Cancer

v

Placebo group

Figure | Markov state transition model. A three-health-state Markov model comprising progression-free survival (PFS), progressive disease (PD), and death was developed.
At each cycle initiation, all patients entered the model in the PFS with stable disease state and immediately initiated treatment; from this state, patients could: (1) achieve
complete/partial response and transition to PFS with response, (2) experience disease progression and transition to PD, or (3) die and transition to death. Patients in the PD
state could either remain in progression or transition to death.
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Table | Key Clinical and Health Parameters

Parameters Values

Weibull survival model of PFS of inavolisib group | Scale=0.032828; Shape=1.097110; r2=0.9913271
Weibull survival model of OS of inavolisib group | Scale=0.011359; Shape=1.118354; r2=0.9826315
Weibull survival model of PFS of placebo group Scale=0.125801; Shape=0.851790; r2=0.9900020
Weibull survival model of OS of placebo group Scale=0.019886; Shape=1.055866; r2=0.9867325

Abbreviations: PFS, progression free survival; OS, overall survival.

P(t) represents the probability of the event occurring within cycle t, and A and v are the estimated scale and shape parameters,
respectively. This method was applied identically to derive progression risks from the PFS curves and mortality risks from the
OS curves for both treatment groups (Supplemental Table 1).

Cost and Utility Inputs

Cost Estimation

Direct medical costs, including the drug acquisition and administration, management of treatment-related serious adverse
events (SAEs), routine follow-ups, monitoring, and best supportive care (BSC), are detailed in Table 2. Drug acquisition
costs per 28-day cycle were based on the average wholesale price (AWP) from Micromedex RED BOOK Online, applied
according to the dosing regimen specified in Patients and Treatment. The cost of managing grade > 3 SAEs was modeled
as a one-time expense. It was calculated by multiplying the unit treatment cost for each specific SAE by its corresponding
incidence rate reported in the INAVO120 trial. Monthly medical resource utilization costs were applied separately for
patients in the PFS and PD states. These costs, which include hospitalizations, outpatient visits, laboratory tests, imaging,

Table 2 Sensitivity Analysis Parameter Ranges and Distribution

Variable Baseline Value Range Distribution | Reference

Minimum | Maximum

Drug cost per cycle, $ in the US

Inavolisib 24420.00 19,536.00 29,304.00 Gamma RED BOOK Online
Palbociclib 375.38 300.30 450.46 Gamma RED BOOK Online
Fulvestrant 2051.00 1640.80 2461.20 Gamma RED BOOK Online
Best supportive care cost per cycle, $ | 3307.00 2645.60 3968.40 Gamma RED BOOK Online

Before Disease Progression Cost per Month, $ in the US

Hospitalization 346.14 276.91 415.36 Gamma 23
Laboratory evaluations 18.97 15.17 22.76 Gamma 23
Radiotherapy 462.67 370.13 555.20 Gamma 23
Examination 245.77 196.61 294.92 Gamma 23
Nursing 295.11 236.09 354.13 Gamma 23
Other 99.47 79.57 119.36 Gamma 24,25

After Disease Progression Cost per Month, $ in the US

Hospitalization 895.23 716.18 1074.27 Gamma 23
Laboratory evaluations 535.52 42841 642.62 Gamma 23
Radiotherapy 1530.24 1224.19 1836.29 Gamma 23
Examination 535.52 42841 642.62 Gamma 23
Medicine 3969.35 3175.48 4763.23 Gamma 23
Nursing 347.67 278.14 417.21 Gamma 23
Other 136.88 109.50 164.26 Gamma 24,25

(Continued)
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Table 2 (Continued).

Variable Baseline Value Range Distribution | Reference
Minimum | Maximum
SAEs on inavolisib group 9855.28 7884.22 11,826.34 Gamma 23
SAEs on placebo group 7104.88 5683.90 8525.86 Gamma 23
Inavolisib group: incidence of SAEs
Neutropenia 0.802 0.64 0.96 14
Thrombocytopenia 0.142 0.11 0.17 14
Stomatitis and mucosal inflammation 0.056 0.04 0.07 14
Anemia 0.062 0.05 0.07 14
Hyperglycemia 0.056 0.04 0.07 14
Diarrhea 0.037 0.03 0.04 14
Nausea 0.006 0.00 0.01 14
Covid-19 0.019 0.02 0.02 14
Leukopenia 0.068 0.05 0.08 14
Placebo group: incidence of SAEs
Neutropenia 0.784 0.63 0.94 14
Thrombocytopenia 0.043 0.03 0.05 14
Anemia 0.019 0.02 0.02 14
Fatigue 0.012 0.0l 0.0l 14
Covid-19 0.006 0.00 0.0l 14
Leukopenia 0.105 0.08 0.13 14
Utility
PFS 0.78 0.6l 0.91 Beta 19,20
PD 0.52 0.39 0.56 Beta 19,20
Disutility
Neutropenia 0.13 0.10 0.16 Beta 23
Thrombocytopenia 0.09 0.07 0.11 Beta 23
Stomatitis and mucosal inflammation 0.13 0.10 0.16 Beta 23
Anemia 0.07 0.06 0.09 Beta 23
Hyperglycemia 0.05 0.04 0.06 Beta 23
Diarrhea 0.05 0.04 0.06 Beta 23
Nausea 0.09 0.07 0.11 Beta 23
Covid-19 0.03 0.02 0.04 Beta 23
Leukopenia 0.13 0.10 0.16 Beta 23
Fatigue 0.10 0.08 0.12 Beta 23

Abbreviations: PFS, progression-free survival; PD, progression of disease; SAEs, serious adverse events.

and surveillance, were derived from published literature.”* >> Costs were applied according to health state: the PFS state
accrued costs for the first-line regimen, monitoring, and AE management; the PD state accrued costs for subsequent
therapies and progressed disease care, with first-line treatment discontinued. The total cost for each treatment strategy
was calculated as the sum of the cumulative discounted drug costs, the cumulative discounted state-based costs over the
time spent in each health state, and the one-time SAE cost. The incremental cost was derived from the difference in total
discounted costs between the inavolisib and placebo groups over the model time horizon.

Health State Utilities and Disutilities
Health state utility values for PFS and PD were sourced from previously published studies conducted in advanced breast
cancer populations, which employed standard preference-based measures such as the visual analog scale and standard
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gamble.'”?® Disutility values, representing temporary quality-of-life decrements associated with the occurrence of
specific adverse events, were also obtained from the literature.>> All utility and disutility values applied in the model
are detailed in Table 2.

Model Outputs

The primary outcomes of the model comprised the total cost, life-years (LYs), quality-adjusted life-years (QALYs), and
incremental cost-effectiveness ratios (ICERs). QALYs were calculated as the duration time weighted by the utility of
each state. A willingness-to-pay (WTP) threshold was set based on published US benchmarks, which was $150,000 per
QALY,? with ICERs below the WTP threshold considered cost-effective. This Markov model was implemented using
TreeAge Pro 2020.

Sensitivity Analyses

Model uncertainty was assessed through one-way sensitivity analysis and probabilistic sensitivity analysis (PSA). One-
way sensitivity analysis evaluated the impact of individual parameters by varying each within 95% credible intervals or
+20% ranges from base-case values, with results visualized via tornado diagrams. PSA using a Monte Carlo simulation
of 10,000 random individuals with variables varying concurrently in specific distribution patterns was carried out to
further test the robustness of the result (Table 2).

Results

Base-Case Analysis

Table 3 displays detailed results of the base case analysis for the US. The model predicted that patients in the inavolisib
group had a life expectancy of 4.46 LYs, representing a gain of 1.23 LYs compared to the placebo group. After
accounting for quality of life, patients receiving inavolisib-based therapy gained 2.49 QALYs, which was 0.69 QALY
more than those receiving placebo plus palbociclib and fulvestrant. Treatment with inavolisib group incurred an
additional cost of $611,420.16, resulting in an ICER of $499,007.92 per LY and $886,439.73 per QALY compared
with placebo group.

Sensitivity Analyses

One-Way Sensitivity Analysis

The results of the one-way sensitivity analysis are summarized in the Tornado diagrams (Figure 2). The price of
inavolisib exerted the greatest impact on the ICERs. Utility of PFS, the discount rate, and utility of PD had moderate
influences on the cost-effectiveness results. None of the parameters evaluated was able to render the ICERs greater than
the WTP thresholds. These one-way sensitivity analysis results confirm the robustness of the model.

Table 3 Base Case Results

Results Inavolisib Group | Placebo Group | Incremental

Inavolisib Group vs Placebo Group

LYs 4.46 323 1.23
QALYs 2.49 1.80 0.69
Total cost regimen, US, $ | 816,391.32 204,971.16 611,420.16
ICER, US, $
Per LY 499,007.82
Per QALY 886,439.73

Abbreviations: LYs, life-years; QALYs, quality-adjusted life-years; ICER, incremental cost-effectiveness ratios.
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Base-case ICER: $886,439.73/QALY

Inavolisib cost |

Utility of PFS |

Discount factor

[

SAEs cost on Inavolisib group s ]
Utility of PD 1 ]
SAEs cost on placebo group 11
O High
placebo group drug cost
O Low

Best supportive care cost
Administation cost before PD
Administation cost after PD
Drug cost after PD

— —=-=5

700000 750000 800000 850000 900000 950000 1000000 1050000
ICER,$/QALY

Figure 2 Results of One-Way Sensitivity Analysis. This diagram shows ICERs for inavolisib group versus placebo group for different model input parameters. The dotted line
intersecting the sky blue and Orange bars represents an ICER of $886,439.73 per QALY in the US.

Probabilistic Sensitivity Analysis

The results of PSA suggested that the probabilities of inavolisib group being cost-effective over placebo group was 0% at
a WTP threshold of $150,000 per QALY in the US (Figure 3). The probability reached 50% only when the WTP
threshold increased to approximately $880,000 per QALY. Notably, even with a 50% reduction in inavolisib cost, the
ICER for inavolisib group compared with placebo group still higher than the WTP threshold.

Scenario Analyses
Scenario A (Price Reduction)

To explore potential pathways toward cost-effectiveness, we conducted a scenario analysis modeling progressive price
reduction for inavolisib. As presented in Table 4, the ICER demonstrated a direct and substantial response to drug price
adjustments. A 25% price reduction lowered the ICER to $627,447 per QALY, while a 50% reduction resulted in an
ICER of $451,333 per QALY. Notably, even a 75% price reduction yielded an ICER of $275,219 per QALY, which still

1_
2
2 0.8 1
Ra)
o
>
- 0.6+
w1
)
=
g’ e inavolisib group
-5 0.4
3 placebo group
&
?
% 0.2+
o
©

O I 1 I I T T T T T T T 1

0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200

Willingness to Pay 1000$ per QALY

Figure 3 Cost-Effectiveness Acceptability Curve. The probabilistic sensitivity analyses based on the 10,000 Monte Carlo simulations, which through sampling model variable
values from distributions imposed on variables to indicate uncertainty about whether inavolisib group and placebo group is cost-effective at different WTP thresholds. The
probabilities that inavolisib group was cost-effective at thresholds of $150,000 per QALY in the US was 0%.
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Table 4 Adjust the Price of Inavolisib in Accordance with the Corresponding Results

Parameters Incremental Life-Years Incremental ICER* Probability of Cost
Cost ($) Gained QALYs ($/QALY) Effectiveness (%)

Inavolisib at full cost 816,391.32 4.46 0.69 886,439.73 0

Inavolisib at 25% cost 432780.41 4.46 0.69 627,447.01 0

Inavolisib at 50% cost 311306.18 4.46 0.69 451,333.11 0

Inavolisib at 75% cost 189831.94 4.46 0.69 275,219.22 3.12

Inavolisib at 90% cost 108152.71 4.46 0.69 156,800.29 46.24

Note: *Compared with placebo group.
Abbreviations: QALYs, quality-adjusted life-years; ICER, incremental cost-effectiveness ratios.

exceeds the conventional US WTP threshold of $150,000 per QALY, with only a 3.12% probability of being cost-
effective. The analysis indicates that an approximately 90% price reduction would be required to approach the $150,000/
QALY benchmark, producing an ICER of $156,800 per QALY and a 46.24% probability of cost-effectiveness (Figure 4).
This scenario quantitatively underscores that achieving cost-effectiveness within standard US benchmarks would
necessitate a profound downward adjustment in the drug’s acquisition cost.

Scenario B (Adjusted Health Utilities)

This scenario was conducted to assess the sensitivity of the base-case cost-effectiveness results to a key parameter: the
health state utility value assigned to PFS. As noted in the study limitations, the base-case utility for PFS (0.78) may not
fully reflect gender-specific quality-of-life impacts. Therefore, Scenario B incorporates a lower, referenced gender-
specific utility value of 0.62 for the PFS state. As shown in Table 5, this adjustment increased the incremental QALY's
gained with inavolisib from 0.69 to 0.76, reflecting a more accurate, albeit lower, quality-of-life weighting specific to the
male patient experience. Consequently, the ICER improved from $886,440 to $808,208.08 per QALY (Table 5). The
application of a lower utility for the PFS state paradoxically results in a more favorable (lower) ICER per QALY for
inavolisib. This occurs because the utility adjustment, while lowering the absolute quality-weight for both treatment

arms, disproportionately benefits the inavolisib group. Since inavolisib provides a longer duration in the PFS state

2

.:S'

<

= "

E 0.7 —®— Inavolisib at full cost
@ 06 Inavolisib at 25% cost
o

g Inavolisib at 50% cost
1 0.5 ..

s Inavolisib at 75% cost
% 0.4 —®— Inavolisib at 90% cost
= 03 / —®— placebo group

o b

@

200000 400000 600000 800000 1000000 1200000
Willingness to Pay $ per QALY

Figure 4 Cost-Effectiveness Acceptability Curve for Inavolisib Price Reduction. The analysis indicates that an approximately 90% price reduction would be required to
approach the $150,000/QALY benchmark, producing an ICER of $156,800 per QALY and a 46.24% probability of cost-effectiveness.
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Table 5 The Results After Adjusting for Health Utilities

Results Inavolisib Group | Placebo Group | Incremental

Inavolisib Group vs Placebo Group

LYs 4.46 3.23 1.23
QALYs 2.55 1.80 0.76
Total cost regimen, US, $ | 816,391.32 204,971.16 611,420.16
ICER, US, $
Per LY 499,007.82
Per QALY 808,208.08

Abbreviations: LYs, life-years; QALYs, quality-adjusted life-years; ICER, incremental cost-effectiveness ratios.

compared to placebo, the difference in accumulated QALYs between the two groups becomes larger. A greater
incremental QALY gain for the same incremental cost directly leads to a lower cost per QALY.

This reduction in the ICER demonstrates that the use of generic, female-derived utility values in the base-case
analysis likely inflates the calculated ICER, thereby underestimating the true quality-adjusted value of the therapy for
men. Despite this adjustment, the ICER of $808,208.08 per QALY remains substantially above the $150,000 per QALY
WTP threshold, reinforcing the conclusion that inavolisib is not cost-effective under current valuation frameworks, even
when accounting for a more pessimistic, gender-specific utility assessment. This finding underscores the importance of
developing and applying validated, population-specific utility instruments in future economic evaluations of MBC
treatments.

Discussion

The Value Paradox: Clinical Superiority vs Economic Unsustainability

The phase III INAVO120 trial established inavolisib-based therapy as a superior first-line treatment, with updated mature
data confirming a median OS of 34.0 months versus 27.0 months with placebo, and a median PFS of 17.3 months versus
7.3 months. This clinical breakthrough is particularly significant for the historically underrepresented MBC population.
However, our cost-effectiveness analysis reveals a stark economic paradox. Despite this unequivocal clinical benefit, the
addition of inavolisib resulted in an ICER of $886,440 per QALY, which substantially exceeds conventional US WTP
thresholds ($150,000 per QALY). Thus, while the therapy is clinically transformative, its current cost renders it
economically unsustainable under standard valuation frameworks, highlighting a critical challenge in reconciling
innovation with affordability in oncology.

Structural Determinants of Cost-Ineffectiveness

Our sensitivity analyses pinpoint the structural drivers of this result. The one-way sensitivity analysis (Figure 2)
conclusively identified the price of inavolisib as the dominant driver of the high ICER. This finding directly links the
cost-ineffectiveness outcome to a specific, modifiable variable: drug pricing. It exemplifies the broader orphan drug
pricing paradox, where incentives for innovation in small populations collide with affordability and value-based
reimbursement principles.’”*® The analysis suggests that achieving an ICER aligned with a $150,000 per QALY
threshold would require a substantial price reduction, highlighting the magnitude of misalignment between the drug’s
price and the value it delivers in this specific indication under standard evaluation methods.

Integrated Policy Interventions to Mitigate the Value Gap

The relevance of our findings extends to informing potential solutions for ultra-rare cancers. To mitigate the identified
value gap, policy interventions must be tailored. First, value assessment frameworks could be adapted, for example, by
considering prevalence-adjusted ICER thresholds that acknowledge the high unmet need and limited population size in
diseases like MBC?**° Second, innovative contracting mechanisms, such as indication-specific pricing for inavolisib in
this niche population or outcomes-based agreements, could better align price with delivered value while maintaining
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sustainability. Third, optimizing clinical pathways—ensuring timely PIK3CA mutation testing to guide appropriate
therapy initiation—can improve system efficiency. These proposals are direct logical extensions of our results, which
quantified the problem and its primary driver.

Limitations and Future Research Imperatives

Although this analysis presents the first MBC-specific cost-effectiveness model, several limitations still remain. First,
while we used the most mature survival data available, long-term efficacy data specific to men remain limited. Second,
there is a systematic undervaluation of health-related quality-of-life utilities, as generic instruments such as the EQ-5D
fail to capture the profound gender-specific psychosocial burdens associated with MBC. These burdens are particularly
pronounced among male patients, who report significantly lower utility scores compared to female counterparts (0.62 vs
0.81; P<0.01), driven by high prevalence rates of body image distress (72%), sexual dysfunction (51%)>' and isolation
during rehabilitation (30%).'%*? This measurement gap results in underestimated QALY and inflated ICERs. Although
we partially addressed this limitation through sensitivity analyses using adjusted utility values, such interim approaches
cannot fully resolve the fundamental inadequacy in current utility assessment tools. Future research should prioritize the
development of validated, MBC-specific utility instruments that incorporate gender-specific burdens using qualitative
methodologies and discrete choice experiments to generate more accurate quality-of-life valuations. Finally, the omission
of critical societal costs including productivity losses, caregiver burden, cascade genetic testing, and the economic impact
of disease-related stigmatization, despite many patients are primary earners.>> While our sensitivity analyses attempted to
mitigate this deficiency by adjusting treatment and adverse event management costs, such adjustments remain an
incomplete proxy for a formal societal perspective. Consequently, future research must prioritize adopting
a comprehensive societal perspective in reference case analyses, formally quantifying productivity losses and stigmatiza-
tion costs using linked employment and patient-reported outcome data, alongside implementing advanced modeling
techniques (such as Bayesian evidence synthesis) to manage the inherent uncertainty associated with sparse societal cost
data.

Conclusion

While inavolisib represents a significant clinical advancement for patients with PIK3CA-mutated advanced MBC, our
analysis reveals a pronounced value paradox: despite clear survival gains, its current pricing renders the therapy cost-
ineffective within conventional US payer frameworks. This economic unsustainability is primarily driven by the high
drug acquisition cost, as confirmed in our sensitivity analysis. Bridging this value gap demands urgent, coordinated
multi-stakeholder action. Required interventions include: 1) substantial price adjustments for inavolisib within this niche
indication; 2) optimization of clinical pathways through universal PIK3CA testing; 3) adaptation of reimbursement
policies to incorporate prevalence-adjusted value thresholds for ultra-rare cancers; and 4) dedicated research to integrate
gender-specific utility measures and societal cost perspectives into economic evaluations. Without such comprehensive
efforts, equitable access to this targeted therapy for this marginalized patient population will remain critically
constrained.
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