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ABSTRACT

Cancer immunotherapy (I0) enables patients to live well
with cancer for many years, or even be cured. Several
investigational 10 agents recently failed in early-phase or
late-phase trials, leading some to doubt the future of 10.
Patient heterogeneity (eg, tumor characteristics, treatment
history) increases the risk that a clinically active 10 drug
might be discarded. Enriching enroliment for patients with
biomarkers hypothesized to reflect a higher probability of
clinical benefit across clinical development should mitigate
this risk. The Society for Imnmunotherapy of Cancer
convened diverse 10 stakeholders to discuss leveraging
biomarkers at the earliest stages of drug development

to accelerate the delivery of innovative 10 agents to
patients. This group developed a framework based on a
biomarker-based enrichment strategy in early trials that
evolves into the development of more precise predictive
biomarkers in late phase trials. This framework integrates
mechanistic insights related to the drug and its impact on
the tumor microenvironment derived from preclinical data,
digital pathology, exploratory multiomics, and artificial
intelligence that are continuously refined through both
adaptive and randomized clinical trials. Biomarker-based
enrichment in early clinical development should de-risk
late-stage trials, ultimately expanding the portfolio of
innovative 10 drugs available to patients.

The first wave of immunotherapy (I0)—espe-
cially immune checkpoint inhibitors (ICIs)
and chimeric antigen receptor T-cell therapy
(CAR-T)—transformed cancer care by deliv-
ering long-term clinical benefit and even cure
to some patients.1 However, not all patients
with cancer are eligible for these treatments,
and primary or acquired drug resistance to
current agents may occur.” Novel 10 drugs
that overcome these limitations and expand
the benefit of IO to more patients are urgently
needed. In 2024, the Society for Immuno-
therapy of Cancer (SITC) established a goal
of 100 new, unique IO approvals in the next
decade. Supporting this goal, SITC strongly
encourages biomarker-based enrichment
strategies to support the enrollment of
patients more likely to respond in early phase
clinical trials of emerging novel IO agents.

Over the last several years, efforts to
generate a second wave of innovative IO drugs
specific for novel immune targets and path-
ways have not often detected meaningful clin-
ical signals, leading to skepticism from some
stakeholders. In July 2024, SITC convened
a diverse group of experts in IO—repre-
senting patients with cancer, translational
researchers, clinicians, pathologists, experts
in artificial intelligence, and professionals in
academia and biotech/pharma—to discuss
potential strategies for effectively leveraging
biomarkers to accelerate 10 drug develop-
ment and catalyze the next wave of clinically
transformative IO strategies (list of partici-
pants in online supplemental table 1). We
also engaged regulatory colleagues for their
perspective. The convened group agreed
that patients enrolled in early phase 10 clin-
ical trials are typically heterogeneous due to
both varying tumor biology and prior treat-
ment history—they may be IO naive or expe-
rienced, and they may also have primary or
acquired drug resistance. Due to this hetero-
geneity, only a very small number of enrolled
patients may have the potential to respond
to the investigational drug. This dilution of
patients with potential to respond creates
a significant risk of a false negative clinical
signal, leading to the inadvertent discarding
of a drug with clinical activity. For example,
testing an anaplastic lymphoma kinase (ALK)
inhibitor in a small cohort of unselected
patients with non-small cell lung cancer, where
the prevalence of an ALK alteration is 3-5%,
would almost certainly fail to detect a clinical
signal.” To both mitigate the risk of missing a
clinical signal and accelerate the pace of 10
drug development, we propose developing a
biomarker strategy for patient enrichment in
the earliest clinical trials of new agents, thus
increasing the likelihood of detecting a clin-
ical signal. The level of enrichment would be
determined by the sponsor depending on the
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preclinical data, trial design and cohort size. For example,
a sponsor may design the study such that 65% of patients
express the biomarker, and 35% do not. Alternatively, a
sponsor may require biomarker expression initially in all
enrolled patients, and if a clinical signal is detected, adapt
the design to include patients with lower or no expression
of the biomarker to explore other patient populations.
A successful patient enrichment strategy will by design
be less specific (table 1) than a strategy using defined
predictive biomarkers for more stringent patient selec-
tion. However, in addition to increasing the likelihood of
detecting a clinical signal, it should lay the critical scien-
tific groundwork for retrospectively identifying more
specific predictive biomarkers of response, resistance,
and toxicity for use in patient selection for prospective
pivotal clinical trials and future clinical decision-making.

Most current immunotherapies—ICIs, CAR-T, tumor
infiltrating lymphocytes (TIL), engineered T-cell
receptor T cells (TCR-T), and T-cell engagers—are based
on directly manipulating T-cell biology. Consistent with
this, established predictive biomarkers for patient selec-
tion—programmed cell death ligand 1 (PD-LI), micro-
satellite instability (MSI)-high, DNA mismatch repair
deficiency (dMMR), and tumor mutational burden
(TMB)—reflect a connection to T-cell biology.4 For 10
agents highly dependent on T cells, a patient enrichment
strategy might be a simple immunohistochemistry (IHC)
stain for CD8. Such an IHC stain would also provide basic
insight into the spatial architecture of the tumor micro-
environment (TME), such as whether it has an inflamed,
excluded, or desert immuno-phenotype. If a CD8 enrich-
ment strategy supported the detection of a clinical signal,
retrospective studies using multiomics could identify a
biomarker profile more precisely defining T-cell subpop-
ulations and/or spatial organization associated with the
clinical activity of the new investigational agent. A recent
study conducted an unbiased analysis of genomics, tran-
scriptomics, and clinical data of a large patient cohort
(n=479) with a range of metastatic cancers treated with
ICIs.” The data revealed five independent biomarkers
of response and survival relevant to all tumor types: any

Table 1 Proposed profile of an enrichment biomarker for
signal detection in early phase trials

Assay performance » Assay sensitivity/specificity
sufficient to identify relevant

biology

Enrichment features » Level of hypothesized
enrichment of twofold to
threefold or more

» Extent of enrichment likely
to be context-specific

Operating characteristics ~ » Low inter-laboratory and
inter-reader variability

Resources considerations  » Low assay cost and turn-
around time

prior treatment, tumor proliferative potential, T-cell infil-
tration, TMB, and transforming growth factor- activity
in the TME; these findings were validated in six inde-
pendent patient cohorts (n=1,491). The authors suggest
that these five biomarkers provide a frame of reference
for organizing established and emergent knowledge
about predictive biomarkers of clinical benefit from ICI
treatment.

Itis equally important to identify predictive biomarkers
of toxicity and long-term clinical benefit to accelerate
the delivery of transformative IO medicines to patients.
There are currently no approved predictive biomarkers
of 10 drug toxicity. Identifying these biomarkers as drug-
related adverse events emerge will facilitate the inclu-
sion of patients most likely to benefit from a new 10
drug with the least incurred toxicity cost. In addition,
clinical endpoints like overall response rate(ORR) or
progression-free survival (PFS) are most often based on
the measurement of tumor burden by imaging, but the
gold standard endpoint for regulatory approval in the
USA is overall survival (OS). In a step forward, minimal
residual disease (MRD) was accepted in 2024 as a surro-
gate endpoint of PFS and OS for accelerated regulatory
approval in multiple myeloma.® In contrast, despite initial
interest in the value of pathologic complete response
(pCR) in predicting long-term clinical benefit in breast
cancer, this association only holds up at the patient level,
not at the trial level.” This remains a topic of debate. SITC
strongly encourages the evaluation of surrogate measures
of long-term clinical benefit using radiomics, pathologic
response, and/or blood-based biomarkers such as circu-
lating tumor DNA (ctDNA) or circulating tumor cells
(CTGCs) (or others) as early in clinical development as
possible.

In contrast to agents more dependent on T-cell activity,
many emerging innovative IO agents target alternative/
new regulatory pathways or cell types/structures beyond
T cells, while still influencing T-cell activity. Examples
of these alternative targets include tumor-associated
tertiary lymphoid structures (TLS—detected by H&E
and CD20+Bcells)® ; myeloid cells: tumor-associated
macrophages (TAMs)'” and myeloid-derived suppressor
cells (MDSCs), which are quite heterogenous due to
functional and phenotypic plasticity (most commonly
assessed by CD68 and CD163)"" ' neutrophils: heter-
ogenous cells that share some common regulatory path-
ways with other myeloid cells, with an elevated peripheral
blood neutrophil to lymphocyte ratio (NLR) associated
with poor survivallg; and fibroblasts/fibrosis, which have
historically been difficult to measure and characterize
at the molecular level." '° Cytokine pathways (such as
IL-6,'° CXCL9/CXCL10-CXCR3!") and natural killer
(NK) cells' should also be considered as appropriate.
A biomarker that enriches for non-T-cell biology in early
phase trials should be based on preclinical data that
demonstrates pathway modulation relative to baseline,
ideally in the context of tumor regression in preclinical
or clinical models.
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From an operational perspective, the specimen quan-
tity, quality, type, and processing time/conditions impact
the results of tissue analysis.'” In general for the TME, at
least three to five core biopsies or an excisional biopsy
are best for assessment of the tumor architecture and
infiltrating immune cells. Fine needle aspiration biopsies
are to be discouraged, as the cells obtained are dispersed,
and do not accurately reflect the TME architecture. The
optimal number and location/distribution of core biop-
sies is not well-studied, and consensus is needed. Digital
pathology is emerging as a powerful technology for quan-
titating immune cells, though standardized algorithms
for digitizing pathology images are needed. Finally, artifi-
cial intelligence/deep learning models are emerging that
can simplify and standardize the reading of pathologic
images. These will need broader implementation.

Given this current landscape, what is the best way to
proceed with a biomarker enrichment strategy for early
phase trials of novel IO agents? The potential advantages
are clear. First, the enrichment strategy would increase
the likelihood of detecting a clinical signal. Second, a
successful patient enrichment strategy should set the
stage for retrospective multiomics studies designed to
identify a more precise predictive biomarker for patient
selection to be used in pivotal studies and future clinical
care. Third, it would decrease the enrollment of patients
less likely to benefit. The challenges are also clear. First,
given the diversity and dynamic nature of the antitumor
immune response, the enrichment strategy will have to
be customized to the context of the drug and pathway
under study—it will not be one size fits all. Second, many
of the most clinically relevant markers of cell types and
regulatory pathways that modulate antitumor immunity
remain to be elucidated. Given these current constraints,
we propose implementing a patient enrichment strategy
in early phase IO trials based on biomarkers character-
ized at baseline and in the context of pharmacodynamic
changes in the TME that occur with drug exposure and
are associated with tumor regression in preclinical and/
or clinical models (Phase O trials). If this leads to the
detection of a clinical signal in patients, adaptive clin-
ical protocols may further refine the biomarker and its
cut-offs based on incoming data. Moreover, associated
baseline and on-treatment tumor biopsies from patients
exposed to the drug can be deeply interrogated with
multiomics technologies and advanced data analysis
protocols both to further define immunobiology, and
to identify refined biomarkers for both enrichment and
more specific patient selection.

SITC leadership has prioritized several initiatives to
support the field in developing biomarkers for both
patient enrichment and more precise patient selec-
tion. We will hold a workshop in 2025 focused on the
diverse cell types important in the antitumor immune
response, and sophisticated technologies such as digital
pathology, molecular imaging, radiomics, and artificial
intelligence/deep learning that can support and accel-
erate biomarker development. We will publish consensus

manuscripts focused on the definition of TLS, and estab-
lishing standard algorithms for digital pathology. We will
explore public/private partnerships and other avenues
to facilitate the retrospective analysis of archival clinical
trial biospecimens for novel 10 agents that target prom-
ising pathways but failed to demonstrate clinical activity.
Collaborative models involving academia, industry, and
regulatory bodies, such as pre-competitive consortia to
share biomarker data and establish standardized assays,
will almost certainly accelerate biomarker development.
We will also maintain an active dialogue with regula-
tory colleagues about the best use of biomarkers for
patient enrichment and selection that reflect the clinical
activity and/or toxicity associated with novel 10 drugs.
It is notable that most currently approved predictive
biomarkers are based on genomic analyses, with only
one based on protein expression by IHC (PD-LI1). As
novel biomarkers and technologies for measuring them
emerge, SITC is committed to assembling key stake-
holders to develop field-wide consensus and facilitate
the development of guidelines about what novel assays
(flow cytometry, cytokine-based, ctDNA, CTCs) should
demonstrate to obtain regulatory approval. In parallel,
SITC strongly supports the continued development of
early surrogate biomarkers for OS (MRD, ctDNA, pCR),
and will work with regulators and other stakeholders to
guide their implementation. By working together, we will
continue to realize the promise of immunotherapy by
generating the best new IO drugs in order to deliver the
right drug to the right patient at the right time.

X Leisha A Emens @emensleisha and James L Gulley @gulleyj1

Acknowledgements The authors wish to thank the 2024 Strategic Retreat
Faculty: Siraj Ali, MD, PhD (Lunit Inc.), Tullia C Bruno, PhD (University of Pittsburgh),
Jennifer L Guerriero, PhD (Brigham and Women's Hospital), Scott Rodig, MD,

PhD (Brigham and Women's Hospital), Claire | Vanpouille-Box, PhD (Weill Cornell
Medicine) and Sarah Warren, PhD (Kite, A Gilead Company). The authors also

wish to thank SITC staff including Tara Withington and Mary Dean for strategic
oversight and guidance, Peter Intile, PhD, Christina Mooney, Alicia Schuessler, CAE,
for project management and onsite support at the retreat as well as Logan Soule,
PhD, for editorial assistance. Additionally, the authors thank SITC for supporting the
commentary development.

Contributors LAE, CM, CBB, and DF served as co-chairs of the SITC Strategic
Retreat and provided guidance and oversight of the manuscript development. As
such, they are listed as final authors. PH, JLG, and PO participated equally in the
manuscript development process as well as provided critical review and conceptual
feedback on manuscript drafts.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests LAE - Researcher: AbbVie, AstraZeneca, Bolt Therapeutics,
Bristol Meyers Squibb, Compugen, Corvus, CytomX, EMD Serono, Genentech, F
Hoffman La Roche, Immune Onc, Merck, Next Cure, Silverback, Takeda, Tempest.
Consultant/Advisor/Speaker: AstraZeneca, Bioline Rx, DNAMx, Genentech, F
Hoffman La Roche, GPCR, Gilead, Inmune Onc, Immunitas, Immutep, Lilly,
Macrogenics, Mersana, Shionogi Royalty and Patent Beneficiary: potential for
royalties in the future from Molecuvax. Publicly Traded Stocks: potential for

stock options in the future from Ankyra Therapeutics. Other: NSABP Foundation,
Translational Breast Cancer Research Consortium, Breast Cancer Research
Foundation, National Cancer Institute, Department of Defense, Johns Hopkins
University, University of California San Francisco, Cornell University, Dana Farber
Cancer Institute, Stand Up to Cancer; These are grants from non-industry entities.
CM - Employee, Executive Role, Researcher: Genentech, Publicly Traded Stocks:
Roche. PH - Employee: Moffitt Cancer Center, Consultant/Advisor/Speaker:

Emens LA, et al. J Immunother Cancer 2025;13:¢010739. doi:10.1136/jitc-2024-010739


https://x.com/emensleisha
https://x.com/gulleyj1

Dragonfly SAB, Immatics SAB, Adventris SAB. JLG - Employee: National Cancer
Institute, Royalty and Patent Beneficiary: Bethesda Handbook of Clinical Oncology
(Royalty); UpToDate (Royalty). PO - Employee: Princess Margaret Cancer Centre,
Consultant/Advisor/Speaker: Providence Therapeutics, Treadwell Therapeutics,
TIKVA Allocell, Rondo Therapeutics, Inc. CBB - Employee: Providence Genomics,
Owner: PrimeVax, Researcher: lllumina, Consultant/Advisor/Speaker: Sanofi, Agilent,
Roche, Incendia, PrimeVax, BioAl, Lunaphore. DF - Employee: iTeos Therapeutics,
Owner/Stockholder/Advisor; Palleon Pharmaceuticals, Advisor: Nerviano Medical
Sciences - US.

Patient consent for publication Not applicable.
Ethics approval Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs
Patrick Hwu http://orcid.org/0000-0002-8293-1313
James L Gulley http://orcid.org/0000-0002-6569-2912

REFERENCES

1 Emens LA, Romero PJ, Anderson AC, et al. Challenges
and opportunities in cancer immunotherapy: a Society for
Immunotherapy of Cancer (SITC) strategic vision. J Immunother
Cancer 2024;12:e009063.

2 Kluger HM, Tawbi H, Feltquate D, et al. Society for Immunotherapy
of Cancer (SITC) checkpoint inhibitor resistance definitions: efforts
to harmonize terminology and accelerate immuno-oncology drug
development. J Immunother Cancer 2023;11:e007309.

3

5

17

18

19

Shaw AT, Bauer TM, de Marinis F, et al. First-Line Lorlatinib or
Crizotinib in Advanced ALK-Positive Lung Cancer. N Engl J Med
2020;383:2018-29.

Yamaguchi H, Hsu J-M, Sun L, et al. Advances and prospects

of biomarkers for immune checkpoint inhibitors. Cell Rep Med
2024;5:101621.

Usset J, Rosendahl Huber A, Andrianova MA, et al. Five latent factors
underlie response to immunotherapy. Nat Genet 2024;56:2112-20.
Shi Q, Paiva B, Pederson LD, et al. Minimal Residual Disease-Based
End Point for Accelerated Assessment of Clinical Trials in Multiple
Myeloma: A Pooled Analysis of Individual Patient Data From Multiple
Randomized Trials. J Clin Oncol 2025;43:1289-301.

Cortazar P, Geyer CE. Pathological complete response in
neoadjuvant treatment of breast cancer. Ann Surg Oncol
2015;22:1441-6.

Teillaud J-L, Houel A, Panouillot M, et al. Tertiary lymphoid structures
in anticancer immunity. Nat Rev Cancer 2024;24:629-46.

Italiano A, Bessede A, Pulido M, et al. Pembrolizumab in soft-

tissue sarcomas with tertiary lymphoid structures: a phase 2
PEMBROSARC trial cohort. Nat Med 2022;28:1199-206.

Lee H, Ferguson AL, Quek C, et al. Intratumoral CD16+ Macrophages
Are Associated with Clinical Outcomes of Patients with Metastatic
Melanoma Treated with Combination Anti-PD-1 and Anti-CTLA-4
Therapy. Clin Cancer Res 2023;29:2513-24.

Lasser SA, Ozbay Kurt FG, Arkhypov |, et al. Myeloid-derived
suppressor cells in cancer and cancer therapy. Nat Rev Clin Oncol
2024;21:147-64.

Guerriero JL. Macrophages: Their Untold Story in T Cell Activation
and Function. Int Rev Cell Mol Biol 2019;342:73-93.

Antuamwine BB, Bosnjakovic R, Hofmann-Vega F, et al. N1 versus
N2 and PMN-MDSC: A critical appraisal of current concepts

on tumor-associated neutrophils and new directions for human
oncology. Immunol Rev 2023;314:250-79.

Arpinati L, Carradori G, Scherz-Shouval R. CAF-induced physical
constraints controlling T cell state and localization in solid tumours.
Nat Rev Cancer 2024;24:676-93.

Liu Y, Sinjab A, Min J, et al. Conserved spatial subtypes and cellular
neighborhoods of cancer-associated fibroblasts revealed by single-
cell spatial multi-omics. Cancer Cell 2025;43:905-24.

Huseni MA, Wang L, Klementowicz JE, et al. CD8" T cell-intrinsic IL-
6 signaling promotes resistance to anti-PD-L1 immunotherapy. Cell
Rep Med 2023;4:100878.

Pan M, Wei X, Xiang X, et al. Targeting CXCL9/10/11-CXCRS axis: an
important component of tumor-promoting and antitumor immunity.
Clin Transl Oncol 2023;25:2306-20.

Jiang H, Jiang J. Balancing act: the complex role of NK cells in
immune regulation. Front Immunol 2023;14:1275028.

Butterfield LH, Disis ML, Fox BA, et al. SITC 2018 workshop report:
Immuno-Oncology Biomarkers: State of the Art. J Immunother
Cancer 2018;6:138.

Emens LA, et al. J Immunother Cancer 2025;13:010739. doi:10.1136/jitc-2024-010739


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-8293-1313
http://orcid.org/0000-0002-6569-2912
http://dx.doi.org/10.1136/jitc-2024-009063
http://dx.doi.org/10.1136/jitc-2024-009063
http://dx.doi.org/10.1136/jitc-2023-007309
http://dx.doi.org/10.1056/NEJMoa2027187
http://dx.doi.org/10.1016/j.xcrm.2024.101621
http://dx.doi.org/10.1038/s41588-024-01899-0
http://dx.doi.org/10.1200/JCO-24-02020
http://dx.doi.org/10.1245/s10434-015-4404-8
http://dx.doi.org/10.1038/s41568-024-00728-0
http://dx.doi.org/10.1038/s41591-022-01821-3
http://dx.doi.org/10.1158/1078-0432.CCR-22-2657
http://dx.doi.org/10.1038/s41571-023-00846-y
http://dx.doi.org/10.1016/bs.ircmb.2018.07.001
http://dx.doi.org/10.1111/imr.13176
http://dx.doi.org/10.1038/s41568-024-00740-4
http://dx.doi.org/10.1016/j.ccell.2025.03.004
http://dx.doi.org/10.1016/j.xcrm.2022.100878
http://dx.doi.org/10.1016/j.xcrm.2022.100878
http://dx.doi.org/10.1007/s12094-023-03126-4
http://dx.doi.org/10.3389/fimmu.2023.1275028
http://dx.doi.org/10.1186/s40425-018-0453-4
http://dx.doi.org/10.1186/s40425-018-0453-4

	SITC perspective: leveraging patient enrichment biomarkers to accelerate early phase IO drug development
	Abstract
	References


