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Background

» Immune checkpoint inhibitors (ICls) have transformed cancer care,

Methods (continued)

» Full-text review was then conducted for publications meeting inclusion criteria: studies

Results (continued)

» In some analyses, broader, unselected real-world populations failed to achieve acceptable

Results (continued)

» Several real-world cohorts further demonstrated that even trial-eligible subpopulations

producing durable responses in subsets of patients across multiple
malignancies.’-

However, both primary and acquired resistance substantially reduce
real-world durability relative to clinical trials, reflecting heterogeneous
tumor-intrinsic and tumor-extrinsic escape mechanisms.3-°* Tumor immune
escape, T-cell exhaustion, compensatory checkpoint signaling, and
Immunosuppressive microenvironments shorten response duration,
accelerate treatment sequencing, and inflate downstream costs, with
negative consequences for patients.34

Empirical analyses consistently demonstrate that real-world progression
and survival outcomes are inferior to trial-based benchmarks, particularly
beyond the first year of therapy, when resistance dynamics become

reporting empirical real-world data, structured secondary analyses, or economic models
explicitly linking resistance biology or resistance-associated clinical phenomena (e.g., loss
of durability, early progression) with effectiveness, treatment sequencing, healthcare
costs, or value assessment assumptions.

Editorials, purely preclinical studies without translational relevance, and studies lacking
clear HEOR implications were excluded.

Extracted evidence was qualitatively synthesized across four prespecified domains: (1)
resistance-associated effectiveness decay relative to trials, with consequent earlier
progression and worse patient outcomes, (2) downstream impacts on treatment
sequencing and costs, (3) implications for uncertainty and structural assumptions in
economic models, and (4) considerations for adaptive, resistance-informed value
frameworks.

(e.g., ECOG 0-1, biomarker-selected) experienced earlier loss of disease control than
expected, translating into earlier progression and worse patient outcomes in routine
clinical practice compared with controlled trial settings.%’

» While a minority of patients achieved long-term benefit consistent with durable immune

control such as the plateau effects observed in long-term melanoma follow-up, these
patients represented a numerically small subgroup whose long-term survival did not offset
population-level effectiveness decay observed in routine practice.810.1

Figure 2: Conceptual Kaplan—Meier schematic illustrating how longer
real-world follow-up reveals loss of durability beyond typical trial observation
horizons

—— Trial-based follow-up

cost-utility due to limited quality-adjusted life year (QALY) gains when durability was
assessed over longer follow-up horizons, whereas ICls were cost-effective only in
biomarker-enriched subgroups (e.g., PD-L1-high tumors).'21316 Deterministic and
probabilistic sensitivity analyses consistently identified assumptions related to durability of
benefit, time-to-resistance, and post-resistance treatment transitions as the dominant
drivers of uncertainty.’>13 These effects were particularly pronounced for pembrolizumab
and nivolumab, where small changes in durability over time produced disproportionately
large swings in ICERs, underscoring resistance-associated durability loss as a key
structural determinant of value uncertainty.’214

Translational Interpretation and Conceptual Framework
» Collectively, the evidence indicates that ICl| resistance is not a peripheral clinical

phenomenon but a structural determinant of real-world value. Resistance reshapes
survival trajectories, health-related quality of life, treatment sequencing, and healthcare
utilization, necessitating economic models that incorporate time-varying hazards,
resistance-specific health states, and adaptive pathways reflecting real-world clinical

increasingly prominent.2 0.8- ' ---- Extended Real-world practice. To ftranslate these observations into actionable guidance, we outline a
' / . follow-up conceptual framework that integrates resistance dynamics into real-world effectiveness
» Traditional health economics and outcomes research (HEOR) models have Evidence Base and Study Characteristics , M . and value assessment (Figure 3).
0.6 Typicalend of < Increased resistance /

often relied on simplified assumptions of sustained benefit or constant
hazards, which insufficiently capture resistance biology and contribute to
systematic overestimation of value and underestimation of uncertainty in

trial-based Figure 3: Mechanism-Informed HEOR Roadmap

follow-up —

» Across the search period, 212 unique records were identified and screened, of which 37
publications met inclusion criteria (Figure 1). Included evidence spanned multiple tumor
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aimbursement decisions, 14 types, most prominently non-small cell lung cancer (NSCLC) (=10 studies), melanoma (=8 041 0 TTmsel « Linked clinical + biospecimen datasets roadmap for integrating immunotherapy

' studies), renal cell carcinoma (RCC) (=4 studies), and tumor-agnostic or multi-tumor T * Longitudinal immune & molecular profiling resistance into HEOR.

indications (=15 studies). The evidence base comprised real-world observational cohorts B

» Integrating ICI mechanistic resistance evidence with real-world outcomes and registry analyses (n=11), extended follow-up analyses of pivotal trials (n=3), 0.2- ~ Adaptive Trial Designs | | |

is therefore essential for accurate value assessment and policy-relevant systematic reviews and meta-analyses informing durability and resistance assumptions ' ' ' ' ' ' ' 3 *Blaiael-oniishericdiolie. > Resistance biology informs upstream data
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decision-making. (n=11), and HEOR-focused economic evaluations or modeling guidance incorporating , , , . F\L Intrastruciure and adaptive trial designs,
real-world progression data (n=8). In addition, one survivorship-focused scoping review Time since treatment in years , \ which in turn support economic models

Modeling Approaches
» Time-varying hazards
_ , _ _ _  Mechanistic resistance states
» Earlier progression attributable to resistance translated into accelerated treatment « Scenario analyses for benefit decay
sequencing, with patients transitioning more rapidly to subsequent lines of therapy or \

intensified combination regimens.213 Value & Policy Alignment
e Durability-linked reimbursement
e Outcomes-based contracts

incorporating time-varying durability and
resistance-specific health states.

contributed context on longer-term outcomes beyond trial follow-up windows. Most
economic evaluations focused on PD-1 inhibitors, particularly pembrolizumab and
nivolumab, reflecting their broad clinical use and central role in reimbursement
decision-making.

Figure 1: PRISMA Diagram

Objective

Downstream Impacts on Treatment Sequencing and Costs

» To integrate mechanistic evidence on ICI resistance with HEOR data and
quantify its impact on effectiveness decay, treatment sequencing,
cost-effectiveness, and value uncertainty, illustrated using

» Alignment of these elements enables value
and policy frameworks that better reflect
real-world effectiveness.

resistance-associated declines in real-world effectiveness.

S R o » Across multiple indications, resistance-associated escalation increased cumulative
2 ecords identified through _ o _ _ _ C I :
_ 8 Bubfiad and €A sonreas treatment costs by approximately 38—-72% relative to models assuming sustained onciusions
2= (n =212) benefit with first-line monotherapy (Table 1).12-14
» Atargeted literature review (TLR) was conducted to identify and synthesize o > Immuno.the.rapy .reS|st§nce represents a time-dependent .bIOIOglcaI and
evidence linking ICI resistance mechanisms with real-world effectiveness, Y » Post-resistance strategies frequently included dual checkpoint blockade, sequential economic inflection point shaping real-world value. Economic models that
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(n=212) exclude resistance dynamics systematically overestimate long-term benefit and
n-=

misalign reimbursement with clinical effectiveness.

health economic outcomes, and value assessment considerations. immunotherapy, or addition of cytotoxic or targeted agents, all of which substantially

Increased drug acquisition costs, monitoring requirements, and toxicity management

» The review prioritized mechanistically informative and HEOR-relevant

. . . . . . » Embedding mechanistic resistance insights within HEOR frameworks,
evidence, consistent with best practices for TLRs supporting economic Rec%di Zcfze)e e ’ Recc::\df ?gg)u e su ortedgb real-world evidence, can imgrove accuracy, transparency, and
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cost-effectiveness outcomes. Across included HEOR and HTA-informing studies,
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» Screening proceeded in two stages. Titles and abstracts were first
assessed for relevance to ICl| resistance and downstream clinical or
economic outcomes.

mechanisms and current strategies to overcome resistance. Cancer biology & therapy. 2024;25(1):2308097.

» Real-world median PFS was consistently shorter (=4—7 months, observed over longer and
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more heterogeneous follow-up) than trial-reported PFS (=8-12 months) across tumor
types (Table 1).68
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