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ABSTRACT
Checkpoint inhibitors represent an effective treatment 
approach for a variety of cancers through their inhibition 
of immune regulatory pathways within the tumor 
microenvironment (TME). Unfortunately only a minority 
of patients with cancer achieve clinical benefit from 
immunotherapy, with the TME emerging as an important 
predictor of outcomes and sensitivity to therapy. The extent 
and pattern of T-cell infiltration can vary prominently 
within/across tumors and represents a biological 
continuum. Three immune profiles have been identified 
along this continuum: ‘immune-desert’ or ‘T-cell cold’ 
phenotype, ‘immune-active’, ‘inflamed’, or ‘T-cell hot’ 
phenotype, and ‘immune excluded’ phenotype. Of the 
three profiles, immune excluded remains the most ill-
defined with no clear, universally accepted definition 
even though it is commonly associated with lack of 
response to immune checkpoint inhibitors and poor 
clinical outcomes. To address this, 16 multidisciplinary 
cancer experts from around the world were invited to 
participate in a symposium using a three-round modified 
Delphi approach. The first round was an open-ended 
questionnaire distributed via email and the second was 
an in-person discussion of the first round results that 
allowed for statements to be revised as necessary to 
achieve a maximum consensus (75% agreement) among 
the rating committee (RC). The final round questionnaire 
was distributed to the RC via email and had a 100% 
completion rate. The Delphi process resulted in moving us 
closer to a consensus definition for immune exclusion that 
is practical, clinically pertinent, and applicable across a 
wide range of cancer histologies. A general consensus of 
the role of immune exclusion in resistance to checkpoint 
therapy and five research priorities emerged from this 
process. Together, these tools could help efforts designed 
to address the underlying mechanisms of immune 
exclusion that span cancer types and, ultimately, aid in the 
development of treatments to target these mechanisms to 
improve patient outcomes.

INTRODUCTION
Immune checkpoint inhibitors have revolu-
tionized the treatments of cancers through 
their ability to inhibit negative T-cell 

regulatory pathways, also known as check-
points.1 However, only a minority of patients 
with cancer achieve clinical benefit from 
immunotherapy. The initial response rates 
to checkpoint therapies in immunogenic 
tumors range from 10–60% across different 
tumor types, and many who initially respond 
eventually develop clinical resistance and 
tumor progression.2 Interestingly, tumor 
microenvironment (TME) has emerged as a 
predictor of outcome as well as a marker of 
sensitivity to therapy.3–5 As such, immunohis-
tochemistry analyses have identified predom-
inant patterns of immune cell infiltration 
based on the amount and spatial distribution 
of T-cells relative to tumor cells, which has 
led to TME characterization of three distinct 
immune profiles.1 6–8 However, it is important 
to note that these patterns represent states 
along a biological continuum. First, is the 
‘immune-active,’ ‘inflamed’ or ‘T-cell hot’ 
phenotypes which is defined by lymphocytic 
infiltration of tumor nests, with the immune 
cells in close proximity to tumor cells.6 7 9 10 
Second, is the ‘immune-desert’ or ‘T-cell cold’ 
phenotype that is characterized by a lack of 
lymphocytes in either tumor nests or within 
the TME as a whole.6 7 9 10 The third immune 
profile is the ‘immune-excluded’ phenotype, 
characterized by an abundance of immune 
cells in the stroma immediately surrounding 
tumor nests but without marked lympho-
cyte infiltration into tumor nests themselves 
(figure  1). While the notion of immune 
exclusion has been described and increas-
ingly reported since 2019, it remains poorly 
and often inconsistently defined. Compared 
with highly infiltrated tumors, immune exclu-
sion has been associated with poor prognosis, 
is evolving as a potential driving force behind 
primary immunotherapy resistance and may 
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occur as a consequence of yet unidentified biologic 
mechanisms.11–13 Despite the lack of a single, agreed-
upon definition, immune exclusion in cancer is a recog-
nized phenomenon that has prognostic implications, can 
impact treatment sensitivity, and is potentially actionable.

To identify key characteristics of and issues relevant to 
immune exclusion in cancer, an international panel of 
multidisciplinary experts were invited to participate in 
a symposium using the modified Delphi methodology. 
The Delphi method is recommended for use in the 
healthcare setting as a reliable, systematic, and unbiased 
approach of determining a consensus for a defined clin-
ical problem via rounds of interactive discussions and 
subsequent voting.14 Here, this approach was used to 
develop an initial, consensus definition of immune exclu-
sion, address key issues in immune exclusion biology, and 
align on priorities for research. This, in turn, would allow 
for more consistent reporting in the medical literature, 
help promote research on defining the underlying mech-
anisms that span cancer types, and aid in the develop-
ment of approaches to overcome immune exclusion as a 
cause of immune evasion and treatment resistance across 
a broad array of cancers.

METHODS
This study used a three-round modified Delphi method15 
to create a consensus definition of immune exclusion 
in cancer, which took place between October 11, 2021, 
and July 25, 2022. The study design is provided in online 

supplemental figure S1. Briefly, the steering committee 
(SC) consisted of three members (GTC, MR, and WHF). 
The initial tasks of the SC consisted of an extensive liter-
ature search, development of the open-ended first-round 
questionnaire, and selection of the rating committee (RC) 
invitees. The potential RC members were selected on the 
basis of their scientific expertize and record of publication 
on the topics of immune exclusion, the spatial immune 
microenvironment, fibroblasts, and immuno-oncology. 
Efforts were made to include individuals from a variety of 
fields to include basic science and clinical research from 
around the globe. A total of 21 individuals were initially 
invited and of these, 14 accepted (including MR and 
WHF). Invitees were asked for suggestions for additional 
experts in the field to invite and as a result, five more invi-
tations were extended, and two accepted; creating an RC 
expert panel of 16 members. The demographics of both 
the SC and RC panels is provided in online supplemental 
table S1.

In the first round, the open-ended remote question-
naire was distributed to the RC by email with a link to 
a Google document survey. RC members were given 
1 month to complete and submit their responses. 
Synthesis and analysis of the questionnaire by the SC 
took place via a virtual call among the three members. 
The second round was a real-time (either in-person or 
via video conference) consensus meeting to finalize state-
ments. Following a presentation of the first-round ques-
tionnaire results to the RC members, there was a series of 

Figure 1  T-cell infiltration patterns in resected human non-small cell lung carcinomas (NSCLCs). (A–C) Representative 
multicolor immunofluorescence microphotographs of NSCLC sections stained with DAPI for all cells/nuclei (blue), CD8 for 
cytotoxic T-cells (red) and cytokeratin for tumor epithelial cells (CK, green). The tumor infiltrating lymphocyte patterns represent 
the extremes of a continuum. Figure was contributed by coauthor Dr Kurt Schalper from Yale University. The multiplexed 
immunofluorescence staining protocols, including tumor and tumor infiltrating lymphocyte markers, was adapted part of a 
previously studied retrospective cohort.26 Bar=1 mm.
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discussions (led by the SC) and statements were revised 
as necessary to achieve a maximum consensus. For this 
study, a 75% agreement level was used as the basis for 
achieving consensus. Prior to round 3, the SC reviewed 
and refined the consensus statements. The final question-
naire was distributed to members of the RC via email with 
a link to a Google document survey that was completed by 
100% of RC members. Descriptive statistics for the final 
report was conducted by GTC SC.

RESULTS
The first round consisted of 14 open-ended survey ques-
tions that were submitted electronically. Of these, 8 
(57.2%) focused on components needed for a consensus 
definition, 3 (21.4%) focused on identifying mechanisms 
of immune exclusion, and the remaining 3 (21.4%) 
addressed research priorities (online supplemental table 
S2). The second round, real-time discussion of these 
results led to the development of five statements that 
included a conceptual definition of immune exclusion, 
a description of its possible underlying mechanisms, and 
identification of immune exclusion research priorities. A 
summary of the consensus of these five statements and 
research priorities are provided in tables 1 and 2, respec-
tively. Each are individually discussed below:

Statement 1: cancer immune exclusion is characterized by the 
presence of immunologic cells in proximity to the tumor but 
with few of those immune cells in direct physical contact with 
tumor cells
In responses from the open-ended questions from Round 
1, the RC described immune exclusion as the lack of func-
tional evidence of an immune response within the tumor 
(38%, 6/16) and the inability of the immune response 
outside of the tumor to enter the tumor itself (44%, 
7/16). As such, the RC identified the location of immune 

cells (25%, 4/16), specifically the location of CD8+ 
lymphocytes (31%, 5/16) as a defining feature. As a result 
of these responses and supportive discussion in Round 
2, the SC derived Statement 1 which was submitted for 
consensus as part of Round 3 in the remote survey. The 
RC voted 92.3% (12/13) agreement for the above state-
ment. The dissenting RC member found the description 
to be confusing and stated that immune cells could be 
present in the tumor but that the lack of contact between 
immune cells and tumor cells is more appropriate.

Statement 2: the degree of imbalance that is necessary to 
distinguish immune excluded tumors from immune desert or 
immune inflamed tumors is yet to be determined
The open-ended questionnaire responses in Round 
1, led to a real-time discussion in Round 2 among 
the expert panelists surrounding TME and the three 

Table 1  Consensus on immune exclusion statements

Statement Panelist agreement n/N (%)

1 Cancer immune exclusion is a descriptive definition of a cancer phenotype 
characterized by a spatial imbalance with more immunologic cells in proximity to the 
tumor but fewer immune cells in physical contact with tumor cells.

12/13 (92)

2 The degree of imbalance that is necessary to distinguish immune excluded tumors from 
immune deserted or immune inflamed tumors is yet to be determined.

13/13 (100)

3 A relative paucity of physical contact between immune cells and tumor cells is a 
hallmark of this descriptive definition.

13/13 (100)

4 Fibrosis is often present in excluded tumors but not essential to the definition. 12/13 (92)

5 There are multiple mechanisms that likely play a part in immune exclusion to include:  �

 � A mechanical barrier 11/12 (92)

 � Lack of chemotactic factors 12/13 (92)

 � Immunosuppressive cytokines 12/13 (92)

 � Apoptosis of T cells 9/12 (75)

 � Disordered vasculature 11/13 (85)

 � Cancer-associated fibroblast subtypes 11/12 (92)

Table 2  Potential research focus areas for immune 
exclusion

Area of research
Panelist rank 
of importance

Repulsion/rejection of T cells 2.5±1.2

Spatial profiling of T-cell cancer interaction 2.6±2.3

Understanding the role of cancer-
associated fibroblasts

2.8±2.2

Immunosuppressive cytokines 3.3±1.7

Cancer-associated fibroblast subtypes 3.5±2.5

Disordered angiogenesis or vasculature 3.8±1.9

Apoptosis of T cells 3.9±1.8

Panelists were asked to provide a rank based on how important 
the topic was to the field of immune exclusion with 1 being the 
most important and 7 being least important. Data presented as 
mean±SD.
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phenotypes (cold or deserted, hot, or excluded). As in 
the literature, there appears to be controversy on how 
each is defined and characterized. In response, the SC 
wrote Statement 2 for consensus as part of Round 3 in 
the remote survey. The RC voted 100% (13/13) agree-
ment for the above statement, highlighting the need 
for further clarity in the optimal immune gradient 
that is functionally and clinically relevant to differen-
tiate immune excluded tumors from other immune 
spatial phenotypes.

Statement 3: a relative paucity of physical contact between 
immune cells and tumor cells is a hallmark of this descriptive 
definition
In Round 1, the RC described a lack of physical 
contact between immune cells and the tumor (13%, 
2/16) and the presence of a physical barrier to be 
an essential part of the immune exclusion phenom-
enon (25%, 4/16). The Round 2 real-time discussions 
supported this as a key component to the immune 
exclusion definition. Thus, the SC derived Statement 
3 for consensus as part of Round 3 in the remote 
survey. The RC voted 100% (13/13) in agreement for 
the above statement.

Statement 4: fibrosis is often present in immune excluded 
tumors but not essential to the definition
In addition to essential components to the immune 
exclusion definition, Round 1 asked RC members to 
identify elements that were supportive of immune exclu-
sion definition. The RC largely agreed that a high ratio 
of CD8+ lymphocytes at the invasive margin relative to 
the center of tumor was common (60%, 9/16). Other 
answers included: the presence of fibrosis and lack of 
clinical response to immunotherapy (13%, 2/16), the 
lack of tertiary lymphoid structures (6%, 1/16), high 
levels of immunosuppressive cell populations (6%, 1/16), 
and gene signatures as described in the literature specific 
to each cancer type (6%, 1/16). The Round 2 real-time 
discussion generated the following supportive, though 
not essential, elements of the definition: fibrosis, lack of 
clinical response to immunotherapy, the lack of tertiary 
lymphoid structures, and presence of immunosuppres-
sive cell populations. In response, the SC generated State-
ment 4 for consensus as part of Round 3 in the remote 
survey. The RC voted 92.3% (12/13) in agreement. The 
dissenting RC member had not seen any data linking 
immune exclusion with fibrosis.

Statement 5: There are multiple mechanisms that 
likely contribute to immune exclusion including: (1) A 
mechanical barrier, (2) Lack of chemotactic factors, (3) 
Immunosuppressive cytokines, (4) Apoptosis of T cells, 
(5) Disordered vasculature, and (6) Cancer-associated 
fibroblasts.

The RC members were asked to list the top five 
mechanisms behind immune exclusion in Round 1. 
The majority of the panelists listed the mechanical 
barrier as an important mechanism (56%, 9/16), 

followed by the lack of chemokine attracting immune 
cells (31%, 5/16), immunosuppressive cells/T--
regulatory cells (31%, 5/16), transforming growth 
factor-beta (TGFβ) and other immunosuppressive 
cytokines (31%, 5/16), and disordered angiogenesis 
(31%, 5/16). Other answers provided included a 
lack of neoantigens, checkpoints, cancer associated 
fibroblasts, loss of major histocompatibility complex, 
metabolic barrier, loss of antigen presentation, low 
T-cell receptor affinity for antigens, T-cell exhaus-
tion, lack of dendritic cells in tumor, tumor-induced 
immune cell apoptosis, beta catenin, methylthioade-
nosine phosphorylase, and cyclin dependent kinase 
inhibitor 2A. The Round 2, real-time discussion led 
to the derivation of Statement 5 by the SC, which was 
added for consensus as part of Round 3 in the remote 
survey. The panelists were asked for their consensus 
on the following proposed mechanisms for immune 
exclusion: (1) A mechanical barrier, 91.7% (11/12) 
in agreement; (2) Lack of chemotactic factors, 92.3% 
(12/13) in agreement; (3) Immunosuppressive cyto-
kines, 92.3% (12/13) in agreement; (4) Apoptosis 
of T cells, 75% (9/12) in agreement; (5) Disordered 
vasculature, 84.6% (11/13); and (6) Cancer-associated 
fibroblasts, 91.7% (11/12).

Identification of research priorities to address immune 
exclusion in cancer
An additional objective of the Delphi process was to iden-
tify the top five research priorities to address immune 
exclusion. In Round 1, the open-ended question-
naire asked for members of the RC to list the top five 
research priorities to address immune exclusion. That 
list is provided in online supplemental table S3 and was 
discussed during Round 2. As a result of those discussions, 
the SC identified seven areas of investigation that the RC 
panel of experts felt were important for immune exclu-
sion and were all ranked with a similar level of impor-
tance, which are provided in table 2.

The role of a uniform definition of immune exclusion across 
cancer types
One issue specifically queried in Round 1 was whether 
the ultimate immune exclusion, and specifically the 
measurable spatial imbalance of immune cells in 
proximity to and in contact with tumor cells, should 
vary for each histologic type of cancer. There was no 
consensus on this point with 50% (8/16) of the RC 
voting no, 25% (4/16) voting yes, and 25% (4/16) 
voting as being unsure. The rationale discussed in 
Round 2 for a tumor-agnostic or histology-agnostic 
definition of immune exclusion was based on the 
position that immune exclusion is a phenomenon 
seen across cancer types with presumably similar 
underlying mechanisms. Those who disagreed with 
this statement cited the fact that cancer types vary and 
it seemed unreasonable that there would be a ‘one 
size fits all’ definition. Given that 75% consensus was 
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not achieved in the first two rounds, no statement was 
generated for Round 3.

The role of immune exclusion in resistance to checkpoint 
inhibitor therapy
As displayed in figure  2A, members of the RC were 
also asked to rank what role immune exclusion plays 
in primary resistance to checkpoint inhibitor therapies 
on a scale of 1 to 5 (1 being the most important and 5 
being the least important). Fifty per cent (8/16) ranked 
immune exclusion as 2, 19% (3/16) ranked immune 
exclusion as 1, 25% (4/16) ranked immune exclusion as 
3, and 6% (1/16) ranked immune exclusion as 4. On the 
same scale, the RC was asked to rate the role that immune 
exclusion plays in secondary resistance, or the loss of 
initial clinical response, to checkpoint inhibitor therapies 
(figure 2B). Thirty-eight per cent (6/16) ranked immune 
exclusion as 2, 31% (5/16) ranked immune exclusion 
as 3, 13% (2/16) ranked immune exclusion as 1, 13% 
(2/16) ranked immune exclusion as 4, and 6% (1/16) 
ranked immune exclusion as 5 for least important player 
in secondary resistance to checkpoint inhibitors.

DISCUSSION
This multi-institutional, international panel of cancer 
experts derived a consensus description of key character-
istics of immune exclusion and identified research priori-
ties to provide added clarity to an incompletely understood 
area of scientific and clinical importance. As such, several 
challenges and areas of controversy surrounding the 
phenomenon of immune exclusion were revealed from 
the Delphi process. First, the lack of consistency in the 
literature to precisely define immune exclusion—either 
phenotypically or immunologically—initiated a lengthy 
debate in our virtual and in-person discussions among the 
SC and RC members in Round 2. Specifically, without an 
operational definition, the interpretation and cross-study 

comparison of results is limited even within similar tumor 
types. Moreover, tumor heterogeneity, such as the varia-
tion in composition and spatial distribution of compo-
nents of the TME that occurs within an individual tumor 
and within different tumor types is often not accounted 
for. Many studies evaluating tumor immune pheno-
types have divided tumors into either ‘immunologically 
cold’ or ‘immunologically hot’.16–18 Grouping immune 
excluded and immune desert phenotypes together 
could potentially obscure distinct biological mechanisms 
and, as a result, hamper progress in understanding and 
overcoming clinical resistance to immune-based thera-
pies. Complicating matters was the debate on whether 
the mechanism(s) of immune exclusion differed across 
tumor types that could necessitate different approaches 
and criteria based on cancer indication. Taken together, a 
clear and concise definition could not be achieved via this 
process but the group was able to identify key characteris-
tics of immune excluded tumors which could serve as the 
first step towards developing a more precise definition of 
immune exclusion and ultimately, to understanding the 
relative impact of the immune excluded phenotype on 
the prognosis and sensitivity to treatment for different 
cancer types.

Second, it remains unclear how immune exclusion may 
contribute to primary-immunotherapy and secondary-
immunotherapy resistance. Our expert panelists agreed 
that a better understanding could facilitate identifica-
tion of patients that will benefit, and in some cases not 
benefit, from certain therapies. Given the association 
between TME and resistance to existing immunothera-
pies, there is considerable potential for approaches that 
could overcome immune exclusion by targeting under-
lying mechanisms to improve patient outcomes and 
ultimately move toward more personalized treatments. 
Ultimately, this could allow for a more uniform approach 
to study patients with immune exclusion in different 

Figure 2  Ranking the role of immune exclusion in checkpoint inhibitor resistance. Members of the rating committee were 
asked to rank the role immune exclusion plays in primary (A) and secondary resistance (B) to checkpoint inhibitor therapies on a 
scale of 1 to 5 with 1 being the most important and 5 being the least important.
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clinical contexts, inform study designs, and help identify 
points of therapeutic intervention. There was disagree-
ment among the panel on the role of fibrosis as a caus-
ative event in immune exclusion. In part, it was based on 
the lack of experimental evidence of causality and the 
fact that patients with notoriously fibrotic tumors such as 
desmoplastic melanoma are sensitive to programmed cell 
death-1 (PD-1) blockers, showing that tumor fibrosis may 
not be sufficient to restrict T-cell infiltration and tumor-
cell killing therapies.19 20 The composition and architec-
ture of fibrotic stroma may be of greater importance than 
the quantity present.21 Along these lines, our RC identi-
fied six key mechanisms of interest potentially associated 
with immune exclusion irrespective of cancer and tumor 
type. These included: (1) lack of chemotactic factors, (2) 
a mechanical barrier, (3) immunosuppressive cytokines, 
(4) cancer-associated fibroblast subtypes, (5) disordered 
vasculature and (6) apoptosis of T cells.

A third challenge in the current landscape of immune 
exclusion is that the phenomenon of spatial immune 
phenotypes is likely to be a continuum, without clear 
distinctions between categories. It is clear that the spatial 
location of CD8+ lymphocytes is an essential element to 
the definition but the degree of immune infiltration in 
the parenchyma of the tumor and surrounding stroma 
throughout the TME is variable and efforts should be made 
to assess many areas of the TME and should also undergo 
frequent reevaluation. In the continuum between spatial 
immune phenotypes, the thresholds for the quantity or 
ratio of immune cells in the tumor center and periphery 
that distinguishes one phenotype from another should 
ultimately be made based on clinical relevance such as 
prognosis or prediction of treatment-specific benefit. A 
further complicating factor is that variable degrees of 
heterogeneity are present within individual tumors such 
that multiple immune phenotypes may be present in one 
tumor. Further study is needed, but researchers should 
make raw data available and evaluate for heterogeneity, 
when feasible, to better address these issues.

Furthermore, the ratio of CD8+ cells and other 
supportive immune cells, such as T-regulatory cells, 
natural killer cells, cancer-associated fibroblasts, and 
tumor-associated macrophages, may be another potential 
dimension in the response to immunotherapy. Currently, 
the gold standard for TME characterization remains anal-
ysis by immunohistochemistry (IHC). However, becoming 
less reliant on IHC staining with subjective estimation of 
cell levels or manually counting cells for immune exclu-
sion characterization will allow large association studies 
to be performed faster and with increased accuracy. As 
such, new technical advances in machine learning suggest 
the potential to evaluate large quantities of data to assess 
immune exclusion.22 Gene signatures also appear to 
hold great promise for quick and accurate evaluation 
of immune exclusion and may help tease out cancer-
specific heterogeneity as well as exploration of possible 
underlying mechanisms.11 13 23–25 Taken together, a more 
streamlined and systematic approach to evaluation of 

immune exclusion could not only allow for integration 
into routine clinical settings but could also decrease 
time to accurate diagnosis and treatment decision with 
expected positive impact on patients outcomes.22

Finally, the virtual-person and in-person discus-
sions among our expert panelists concluded that the 
biology underpinning immune exclusion is uncertain 
and may not mirror the other immune phenotypes and 
as a result requires new tools, insights, and methods 
to dissect and translate it into an actionable concept. 
To this end, the RC identified several focus areas of 
future studies for immune exclusion: repulsion/rejec-
tion of T cells; spatial profiling of T-cell cancer inter-
action, understanding the role of cancer-associated 
fibroblasts (CAFs); immunosuppressive cytokines, 
CAF subtypes, defective angiogenesis or vasculature; 
and exacerbated intratumor T-cell apoptosis.

This modified Delphi study is not without limitations. 
The members of the symposium may not represent the 
comprehensive opinions of the scientific community as 
many of the members selected had previously published 
about immune exclusion, possibly biasing the group 
towards overstating the importance of this phenomenon. 
However, we believe these limitations are outweighed by 
our diverse internationally recognized expert panelists 
including clinical trialists, oncologists, pathologists, and 
biologists with expertize in both research and clinical 
aspects of disease.

Conclusions
Here, the Delphi process led to the derivation of a 
consensus description of key elements of immune 
exclusion that is clear, concise, conceptually sound, 
clinically pertinent and applicable across a wide range 
of cancer histologies and study designs. In turn, it 
is hoped that this will encourage development of a 
more precise definition of immune exclusion. Such a 
definition could enable researchers to determine the 
comparability of studies, the underlying mechanisms 
of immune exclusion that span cancer types and, ulti-
mately, aid in the development of treatments to target 
these mechanisms that could improve patient survival 
and quality of life.
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