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Immuno‑oncology has reshaped the therapeutic landscape across multiple
malignancies, producing durable response in subsets of patients treated with
immune checkpoint inhibitors (ICIs).  These ICIs include anti-programmed cell death
– 1 (PD‑1) antibodies nivolumab and pembrolizumab, the anti‑programmed cell death
ligand – 1 (PD‑L1) agents atezolizumab and durvalumab, and the anti‑cytotoxic T-
lymphocyte-associated protein – 4 (CTLA‑4) antibody ipilimumab.  Importantly, ICIs
function as biomarker‑dependent immunotherapies; their effectiveness is
contingent on tumor expression of PD‑1/PD‑L1 or CTLA‑4 pathway activity. Thus,
ICIs are administered only to biologically ‘permissive’ tumors that exhibit
immune‑evasive signaling. Blocking these inhibitory ligand‑receptor interactions
effectively removes tumor‑mediated immune protection and re‑sensitizes malignant
cells to T‑cell–mediated killing.  Real‑world effectiveness, however, often falls short
of clinical trial efficacy, largely because primary and acquired resistance diminish
the durability of response and necessitate earlier transitions to subsequent lines of
therapy.
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A potential limitation of some legacy HEOR frameworks could have been their
reliance on simplified assumptions of sustained benefit that may not fully capture
resistance dynamics. While many contemporary HTA bodies account for waning
effects, differences across jurisdictions remain and may lead to value
misestimation.

This blog integrates current mechanistic understanding of resistance with its
translational consequences for real-world outcomes and discusses pragmatic
approaches for embedding resistance biology within HEOR value assessment
frameworks.
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Introduction: The Dual Challenge in Modern
Immuno‑Oncology
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The Biological Architecture of ICI Resistance
Resistance to ICIs reflect a multilayered interplay between tumor-intrinsic
features, tumor-extrinsic microenvironmental forces, and host systemic
factors.  These mechanisms are not mutually exclusive; they co-evolve,
overlap, and may shift over time, driving both primary non-response and
secondary escape after initial clinical benefit.
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Mechanisms of ICI resistance: Conceptual illustration created by the authors based on insights from: Pitt et al., 2016;
Jenkins et al., 2018; Alsaafeen et al., 2025. 

Tumor‑Intrinsic Mechanisms
Insufficient neoantigen load / low tumor mutational burden (TMB): Diminished
immunogenicity impairs antigen-specific priming and cytotoxic T-cell recognition,
contributing to primary resistance; clonal evolution can further deplete
immunogenic epitopes during therapy.
Oncogenic signaling pathways: Activation of MAPK, PI3K/AKT, and WNT/β‑catenin
pathways promotes immune exclusion, dampens interferon signaling, and increases
immunosuppressive signaling, contributing to resistance.
Antigen processing and presentation defects: Loss of β2-microglobulin and
major histocompatibility complex – I (MHC-I) downregulation, or disruption of
transporter associated with antigen processing (TAP), abrogate tumor antigen
display and blunt ICI efficacy.
Epigenetic dysregulation: DNA methylation and histone modifications can silence
antigen‑presentation pathways and chemokines essential for T‑cell recruitment,
contributing to non‑responsiveness.
Interferon paradox: While acute IFN-γ signaling promotes tumor immunogenicity,
chronic signaling can induce epigenomic remodeling, upregulate alternative
inhibitory ligands, and drive T-cell exhaustion, culminating in adaptive resistance.
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Tumor‑Extrinsic Mechanisms

Immunosuppressive microenvironment: Regulatory T cells (Tregs), myeloid-
derived suppressor cells (MDSCs), and tumor-associated macrophages (TAMs)
curtail effector T-cell priming and function; impaired STING signaling reduces
dendritic cell maturation and T-cell trafficking.
Compensatory checkpoint upregulation: Post‑PD‑1/PD‑L1 blockade, tumors
upregulate TIM‑3, LAG‑3, VISTA, and TIGIT, establishing redundant inhibitory circuits
that necessitate combination approaches.
Tumor plasticity and epithelial–mesenchymal transition (EMT): EMT‑like states
confer resistance to cytotoxic T‑cell killing and promote immune exclusion.
Angiogenic signaling: Vascular Endothelial Growth Factor (VEGF) and hypoxia
create endothelial and cytokine barriers to T‑cell infiltration and heighten
expression of inhibitory checkpoints on immune cells.
Gut microbiome: Distinct microbial consortia correlate with response versus
resistance; antibiotic exposures and immune toxicities may disrupt microbial
ecology and precipitate secondary resistance.
Host systemic factors: Body composition, diet, physical activity, and sex
hormones modulate systemic immunity and may shape immunotherapy outcomes.

The prevalence and timing of resistance mechanisms vary widely by tumor type.
Antigen‑presentation defects and interferon‑signaling alterations often emerge early,
whereas microenvironmental and checkpoint adaptations typically arise over weeks to
months. These uncertainties complicate HEOR translation.7-9

Nevertheless, understanding resistance biology is essential for HEOR because
mechanistic heterogeneity directly shapes real‑world durability, survival trajectories,
and economic value. These biological insights can help align model structure,
biomarker enrichment, and value assessment with the true clinical course, rather than
trial‑based idealized assumptions.
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Translational Consequences: Real‑World Outcomes
Real‑world cohorts consistently demonstrate lower overall survival (OS) and shorter
progression‑free survival (PFS) than pivotal clinical trials, reflecting both earlier
emergence of resistance during longer real‑world observation periods and the broader
clinical characteristics of routine‑practice populations. Differences in observation
windows also contribute meaningfully; real‑world cohorts are often followed until
death, whereas randomized controlled trials (RCTs) frequently have shorter,
protocol‑defined follow‑up periods, limiting detection of late resistance. While
real‑world cohorts demonstrate lower population‑level durability due to earlier
emergence of resistance and patient heterogeneity, it is important to note that a
minority of patients can experience very long‑term benefit. For example, long‑horizon
follow‑up of ipilimumab trials in melanoma has shown clear 5‑ to 10‑year survival
plateaus, reflecting durable responses that shorter RCT windows may
underestimate.  However, these long‑term survivors represent a biologically distinct
subgroup and do not diminish the broader resistance‑driven differences observed in
real‑world setting.

10,11

As resistance emerges, clinicians frequently transition to combination regimens or
subsequent therapy lines earlier than anticipated by trial assumptions. Real‑world data
in advanced non-small cell lung cancer (NSCLC) (n = 2,631) illustrate this dynamic:
outcomes for the full real‑world cohort were markedly inferior to the “trial‑like”
subgroup, with shorter OS and PFS, suggesting that resistance‑linked factors such as
extensive metastatic burden, suboptimal performance status, or mixed inflammatory
signatures accelerate clinical deterioration in broader populations.  Even meta‑analytic
comparisons of RCTs vs. real‑world evidence in melanoma and NSCLC have shown 5–
15% lower real‑world response rates, despite similar pooled survival estimates,
highlighting how faster clinical decline and non‑standardized monitoring affect
real‑world outcomes.
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Consequently, resistance‑driven benefit decay reverberates downstream into survival
trajectories, health‑related quality of life, and healthcare utilization. Together, these
real‑world patterns underscore the tangible clinical impact of ICI resistance, shaping
the durability of benefit and the variability of patient outcomes observed outside
controlled trial settings.
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Some economic models for ICIs historically assumed constant hazards, sustained
benefit, and fixed post‑progression pathways, yet these assumptions rarely hold in the
presence of primary or acquired resistance.  Real‑world decay in treatment effect
driven by faster progression, heterogeneous tumor biology, and treatment
discontinuation can substantially alter the value proposition of ICIs when compared
with trial‑based estimates. More recent cost‑effectiveness studies show that ICIs often
fail to meet willingness‑to‑pay (WTP) thresholds when real‑world progression patterns
are incorporated. For example, a systematic review of cost‑effectiveness studies across
melanoma and lung, head and neck, and genitourinary cancers reported that nivolumab
was not cost‑effective in most indications, and pembrolizumab was cost‑effective only
in specific biomarker‑selected subgroups, highlighting how resistance‑linked
heterogeneity drives large swings in economic value.  Similarly, economic evaluations
in NSCLC reveal that pembrolizumab is cost‑effective only in PD‑L1–high populations,
whereas lack of durable response or early resistance substantially worsens cost‑utility
outcomes.  These findings illustrate that while modern HEOR increasingly incorporates
real‑world progression patterns, earlier frameworks or non‑mechanistic models may not
have fully captured the biological nuances of resistance. 
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ICI resistance also amplifies incremental cost‑effectiveness ratios (ICERs) by
accelerating progression and increasing the need for subsequent therapy, supportive
care, and toxicity management. Real‑world durability markedly increases ICERs. For
example, perioperative ICI therapy in NSCLC showed ICERs exceeding conventional
thresholds in the U.S. and remaining high in middle‑income settings.  These stem
directly from reduced QALY gains when progression occurs earlier than expected due to
resistance, alongside high drug acquisition and hospitalization costs. 
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Further, combination strategies used to overcome resistance are often associated with
higher rates of immune-related adverse events, which can lead to long-term morbidity
and QALY impacts. Real‑world financial toxicity analyses show that immune‑related
adverse events experienced by ~40% of ICI recipients further inflate total care costs
and contribute to underestimation of economic burden in traditional models.  17

Collectively, these findings suggest that ICI resistance meaningfully diminishes the
real‑world clinical and economic value of immunotherapy.

Economic Impact of ICI Resistance on Cost‑Effectiveness
and Value Assessment
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HEOR analysis faces the inherent challenge of translating rapidly evolving biological
insights into tractable model structures. The variability and incomplete characterization
of resistance mechanisms remain major constraints rather than methodological
oversight in HEOR. This blog illustrates these challenges and provides a summary of
recommended HEOR approach in context of assessing ICI therapies and resistance
development. 

Mechanism‑linked real‑world evidence supported by longitudinal biospecimens,
molecular profiling, imaging, and toxicity data can more accurately characterize
resistance onset, its effect on survival and resource utilization, and the divergence
between real‑world and trial‑based durability.  Anchoring model inputs to these
biological patterns ensures that value estimates reflect the true clinical course rather
than overly optimistic trial assumptions.

18-20

A streamlined operational framework spans four domains: (1) integrated clinical-
biospecimen systems capable of tracking longitudinal resistance biology; (2) adaptive,
biomarker‑enriched trials evaluating rational combinations and sequencing strategies
to overcome resistance; (3) economic models incorporating time‑varying hazards,
mechanistic health states, and uncertainty around resistance trajectories; and (4) value
and policy mechanisms linking reimbursement to real‑world durability and
biomarker‑confirmed benefit.  Collectively, these elements enable HEOR
valueassessment frameworks to align more closely with the biological realities of ICI
resistance and support more sustainable, evidence‑based decision‑making.=

21,22
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Integrating Resistance Biology into HEOR: A Concise
Mechanistic Framework
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Conclusion

Immunotherapy offers transformative benefit, but resistance limits
population‑level impact. Integrating tumor, microenvironmental, and host
determinants of resistance into evidence generation and economic
modeling will improve value assessment and align reimbursement with
real‑world effectiveness. As biological insights advance, HEOR frameworks
must evolve toward biomarker‑explicit, durability‑focused evaluation.
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