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Abstract
Purpose of Review Checkpoint inhibitors block co-inhibitory signals which serves to promote T cell activation/reinvigoration in
the periphery and tumor microenvironment. A brief historical background as well as a summary of key observations related to the
composition and prognostic value of tumor-infiltrating lymphocytes (TILs) is discussed.
Recent Findings Solid tumor patients that respond to checkpoint inhibitors have greater CD8+ T cell densities (at the tumor
margin) associated with a gene inflammation signature and high tumor mutational burden. The precise specificity of effector
(CD8+ T cell) TIL remains poorly defined and this deficiency represents a major challenge for the field of cancer immunology.
Summary High mutational burden cancers such as melanoma provides compelling evidence that missense mutations create
neoantigens which can serve as target antigens for the immune system. Emerging evidence suggests that neoantigen-specific
TILs are the major effector cells that mediate tumor regression due to checkpoint inhibition.
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Introduction

The cellular infiltrate and composition of human cancers is
complex and includes various hematopoietic cells, stromal
cells, and tumor vasculature. The immune infiltrate of most
cancers is dominated by macrophages (M0/M1/M2 subtypes)
and conventional αβ T cells, including CD4+ memory cells,
CD4+ regulatory cells, CD4+ follicular helper cells, and
CD8+ effector cells [1, 2]. Smaller populations of hematopoi-
etic cells within the tumor infiltrate include B cells, mono-
cytes, dendritic cells, NK cells (activated and resting), γδ T

cells, and mast cells; neutrophils and eosinophils are variable.
In conventional terms, tumor-infiltrating lymphocytes (TILs)
represent the heterogeneous population of αβ T cells, both
CD4+ and CD8+ subsets, present within the tumor microen-
vironment (TME) [3]. TILs are often isolated ex vivo as a
single cell suspension for analysis; however, with newer mo-
lecular technologies, the cellular infiltrate can be directly in-
terrogated in situ by excision of the tumor mass without a need
to dissociate the tissue. It is now apparent that the composition
of the immune infiltrate can be highly variable even within a
group of patients with the same malignant histology. For ex-
ample, microsatellite instability (MSI)-high CRC have greater
infiltrates of CD8+ Tcells compared with sporadic MSS CRC
which is dominated by M2 macrophages and have fewer in-
filtrating CD8+ T cells [4, 5].

Investigators often characterize tumors as inflamed (“hot”)
or non-inflamed (“cold”) using a series of biomarkers to assess
the degree of T cell infiltration or T cell activation within the
TME [6]. The use of gene expression profiles, high CD8+ T
cell density, and PD-L1 expression within the TME are now
widely accepted biomarkers to assist investigators in classifi-
cation of solid tumors and subsequent response to novel im-
munotherapy agents [7].

Based on the initial studies in melanoma, TILs are now
recognized as a rich source of effector T cells that exhibit
tumor recognition [8]. For many years, the significance of
TILs within the broader context of cancer immunology was
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underappreciated for many reasons. Clinicians often argued
that adoptive cell therapy with TIL seemed uniquely benefi-
cial to melanoma patients and was less applicable to more
common solid tumors such as lung or colon adenocarcinoma.
Second, the culture methods to generate TIL for adoptive
transfer were considered arcane, too costly, and required spe-
cializedmanufacturing facilities and, as a result, few academic
centers attempted to reproduce the results obtained at NIH
until recently. Finally, the field of cancer immunotherapy
was largely discredited until 2010–2012 when publication of
clinical trial success using the immunomodulatory antibodies,
anti-CTLA-4 and anti-PD-1, as well as chimeric antigen re-
ceptor T cells for treatment of hematological malignancies
transformed the cancer treatment landscape. These therapeutic
advances stimulated investigators to re-interrogate the TME in
search of novel biomarkers—including TIL—that predict re-
sponse to treatment, especially patients that received check-
point inhibitors such as anti-PD-1 (or anti-PD-L1) alone or in
combination with anti-CTLA-4 [9].

Historical Background

Rosenberg and colleagues provided the initial demonstra-
tion that CD8+ TILs from tumor-bearing C57BL/6 mice
could be isolated and expanded in vitro by short-term cul-
ture using IL-2 [10]. TILs were shown to lyse syngeneic
murine carcinomas in an MHC-restricted and antigen-
specific manner using standard 51Cr release assays. Re-
administration of the in vitro expanded effector TIL popu-
lations by adoptive transfer could mediate tumor regres-
sion and in certain instances, cure animals bearing large
established liver or lung metastases. In their initial report
using MC-38 cells derived from C57BL/6 colon adenocar-
cinoma, Rosenberg et al. found that when compared with
LAK cells, TIL cultured in IL-2 for 15 days were > 50-fold
more potent at eliminating pulmonary micrometastasis.
Eradication of large established (14d) liver metastases by
cultured TIL required pre-conditioning with cyclophospha-
mide and administration of IL-2 for 5 days. A follow-up
report providing confirmatory evidence using a series of
murine tumor cell lines was published the following year
[11]. Parenthetically, the same MC-38 colon adenocarcino-
ma cell line was recently used to define multiple unique
MHC class I-restricted immunogenic neoantigens (mutated
Adpgk, Reps1, Dppagt1) using next-generation sequenc-
ing (NGS) methods in conjunction with mass spectrometry
analysis of MHC-eluted peptide ligands [12]. Neoantigen
peptide vaccination together with anti-CD40 and poly(I:C)
could elicit CD8+ tumor–specific T cells and resulted in
rejection of established MC-38 adenocarcinoma, in es-
sence, validating Rosenberg’s original observation.

Human Studies

Two independent reports were published in 1987 demonstrat-
ing the presence of TILs in patients with metastatic cancer.
Rabinowich et al. examined TILs from surgically resected
lung cancer specimens and demonstrated the lytic activity of
CD8+ T cells specific for autologous tumor cells by 51Cr re-
lease assay [13]. Fresh TILs harvested from resected lung
cancer specimens were dissociated from tumor and cultured
in vitro for 3–5 weeks in IL-2. The effector T cells were then
shown to exhibit some degree of specificity using autologous
tumor cells as targets cells. The second report provided clear
demonstration of TIL lytic activity specific for autologous
melanoma but not allogeneic melanoma cell lines consistent
with antigen-specific tumor recognition by CD8+ T cells ex-
panded in vitro from TILs [14].

A multitude of clinical studies confirming the presence of
TIL isolated from various surgically resected cancers followed
and substantiated the initial observations that TILs did, in fact,
contain a population of effector T cells that were distinct from
NK cells based on specificity for autologous tumor.

TIL-Based Cell Therapy in Melanoma

The in vitro studies (vide supra) prompted the NIH team to
translate their findings into a series of pilot/phase 1 clinical
trials using TIL as a source of effector T cells for adoptive cell
transfer into patients with metastatic disease. A report of 20
melanoma patients pre-conditioned with cyclophosphamide
(25 mg/kg i.v.) followed by 3–75 × 1010 TILs followed by
high-dose IL-2 (100,000 U/kg i.v. every 8 h) for 5 days dem-
onstrated a 55% ORR; however, most responses were not
durable [15]. The next significant step described the young
TIL culture method to generate higher quality CD8+ T cells
for adoptive cell therapy in patients that received more inten-
sive conditioning chemotherapy with cyclophosphamide
(60 mg/kg) × 2 days plus fludarabine (25 mg/m2) × 5 days.
Patients continued to receive high-dose IL-2 every 8 h for up
to 5 days after cell transfer. The final study results for the 93
melanoma patients treated at NIH with autologous selected
TIL adoptive cell transfer confirmed a 22% CR rate (56%
ORR) and a 5-year overall rate of 29% for all patients [16].
Data from other centers using autologous TIL cell transfer in
similar protocols provides confirmatory evidence for clinical
activity in patients with metastatic melanoma [17, 18].

TIL Therapy and Tumor Antigens

One of the major questions related to autologous TIL cell
therapy was the antigen specificity of the cell product and
the recognition of shared versus unique tumor antigens. For
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many years, it was assumed that recognition of non-mutated
melanoma differentiation antigens and cancer-testis antigens
were the relevant targets of TILs [19]. Studies from several
laboratories provided initial evidence that TIL products
contained both CD8+ and CD4+ T cells that recognized
non-mutated shared antigens which included gp100, MART-
1/Melan-A, tyrosinase, and several MAGE-family members
[20–22]. However, in instances when T cell reactivity to non-
mutated antigens was found in TIL or peripheral blood, the
precursor frequencies were often less than 1%. Despite the
presence of tumor-reactive T cells as defined by recognition
of autologous tumor using standard in vitro assays, most TIL
products remained incompletely characterized with regard to
tumor antigen specificity.

In 1995, two case reports provided initial evidence that
melanoma patient CD8+ T cells could recognize amino
acid–substituted (AAS, mutated) peptides restricted to HLA
class I molecules [23, 24]. Using conventional cDNA expres-
sion cloning methods and screening with T cell lines (derived
from TIL or PBMC) to assess recognition of autologous tu-
mor, it became evident that cancer patients could, in fact,
develop spontaneous immunity to tumor-encoded missense
mutations. A series of single-patient case reports emerged
from various groups using a similar strategy of cDNA expres-
sion cloning to define a single neoantigen per patient primarily
in melanoma as well as several lung carcinomas, renal cell
carcinomas, and a head and neck cancer [25].

With the advent of NGS technologies and improved bioin-
formatics pipelines, it became possible to identify tumor-
encoded genomic alterations (missense mutations and indels)
in a clinically relevant timeframe and define all putative
neoantigens encoded by high mutational burden malignancies
such as cutaneous melanoma. The initial reports in 2013 suc-
cessfully identified neoantigen-specific CD8+ T cells from
resected TIL that demonstrated reactivity for AAS (mutated)
peptides that were restricted by HLA class I molecules in
several patients [26]. The NIH group performed NGS of mel-
anoma specimens from three patients and used synthetic AAS
peptide–pulsed HLA-matched antigen-presenting cells to
screen autologous TIL for reactivity in cytokine release as-
says; in each patient, 2–3 neoantigens were identified. In a
separate report from Van Rooij et al., NGS of a resected mel-
anoma lesion yielded 448 candidate AAS peptides that were
formulated into p-MHC multimers that were used to screen
patient TIL by flow cytometry. Their analysis yielded 2
neoantigen-specific CD8+ T cell populations, including a
dominant response (3.3% TIL stained by p-HLA multimer)
directed against mutated ATR [27].

Evidence supporting the role for neoantigen-specific Tcells
as key effector cells involved the elimination of metastatic
cancer has accumulated primarily from studies performed at
the NIH. Neoantigen-reactive T cells, both CD8+ and CD4+,
can be identified in TIL products from most patients when

coupled with NGS technologies and bioinformatics algo-
rithms. An exemplary patient with stage 4 melanoma was
reported to harbor CD8+ T cell reactivity to 10 unique
neoantigens obtained from TIL that mediated complete re-
gression of all metastatic deposits [28]. This reference patient
had a high mutational burden (> 4000 non-synonymous mu-
tations) melanoma and many of the tumor-reactive TCR
clonotypes could be detected in peripheral blood 1 year after
cell transfer therapy. Patients with common epithelial cancers
that are often regarded as low mutational burden malignan-
cies, in fact, harbor neoantigen-specific T cells that recognize
AAS (mutated) peptides. In a seminal report of 10 patients
with metastatic gastrointestinal malignancies, neoantigen-
reactive T cells could be identified in 9 of the individuals
(range, 10–155 mutations) directed against 1–3 unique
neoantigens per patient. Several neoantigens were presented
by HLA class II molecules [29]. A recent review summarizes
the published studies in melanoma and GI cancers performed
by the NIH investigators [30]. A recent publication further
extends their observations using neoantigen-reactive TIL ther-
apy successfully administered in a metastatic breast cancer
patient [31] resulting in complete remission. Work from other
investigators supports the finding that neoantigen-specific T
cells, both CD4+ and CD8+ subsets, are present at significant
precursor frequencies in TIL products that promote regression
of metastatic melanoma [32, 33].

Prognostic Value of TIL

It was recognized as far back as 1989 that the density (brisk,
non-brisk, or absent) of TILs within primary melanoma skin
lesions had prognostic significance for overall survival [34].
More recent confirmatory studies in melanoma [35], breast
cancer [36], lung cancer [37], HCC [38], CRC [39••], and
other malignancies provide strong support for the underlying
thesis and relative importance of TIL density as a prognostic
feature of most primary malignancies. The work by Galon and
colleagues on colorectal cancer provides perhaps the most
comprehensive picture for any single solid tumor type empha-
sizing the extent of CD3+ and CD8+ effector T cells within
the tumor and invasive margin to determine the Immunoscore
as an objective measure of TIL density [40]. This body of
work spanning more than a decade in collaboration with nu-
merous international investigators in 17 countries validates the
power of the Immunoscore using the IHC platform as a prog-
nostic test for disease-free survival, disease-specific survival,
and overall survival [41].

The TCGA-sponsored Immune Landscape of Cancer pro-
ject is especially noteworthy since this effort included >
10,000 tumor samples (from 30 solid tumor types) that were
subjected to extensive genomic and histological analysis using
modernmolecular technologies and bioinformatics algorithms
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in order to define how immune response (and TIL density)
impacts patient prognosis [42]. Six immune subtypes were
defined that span most major solid tumors and molecular sub-
types (see Figure 1B in ref [42] for key characteristics of each
immune subtype). The C2 (IFN-g dominant) and C3
(Inflammatory) subtypes were associated with the best overall
survival which is consistent with known correlations with
type-1 (Th1/Th17) immunity and high TIL density scores. In
contrast, C4 (lymphocyte depleted) and C6 (TGF-β dominant)
subtypes were associated with the poorest prognosis which is
consistent with high macrophage content, low TIL density, and
an immunosuppressive TME. The Immune Landscape of
Cancer project provides a rich resource for investigators to
critically assess the genomic and histological features of cancer
patients enrolled on novel immunotherapy trials in order to
identify mechanisms of response and resistance.

TIL Density and Checkpoint Inhibition

Clinical development of immunomodulatory antibodies that
block PD-1/PD-L1 interaction as well as the CTLA-4/B7 in-
teraction provided a unique opportunity to investigate bio-
markers of response and resistance in various solid tumors
[43]. The landmark study from Tumeh and colleagues devel-
oped a predictive model based on CD8+ T cell density at the
invasive tumor margin in melanoma patients receiving anti-
PD-1 monotherapy [35]. By performing serial biopsies, the
authors provided strong evidence that responding patients
have a higher density of CD8+ T cells prior to treatment and
moreover, demonstrate higher T cell clonality based on TCR
sequencing suggestive of a specific anti-tumor response. This
observation has been independently confirmed in several oth-
er studies [44]. In melanoma patients receiving ipilimumab
(anti-CTLA-4) monotherapy [45], investigators demonstrated
a correlation of clinical response with high tumor mutational
burden. Multiple reports confirmed a similar association of
clinical response with high mutational burden in melanoma
or non-small cell lung cancer patients receiving anti-PD-1
monotherapy [46]. Confirmatory evidence linking clinical re-
sponse to anti-PD-1 therapy with tumor mutational burden
appeared for other tumor types, including bladder, MSI-high
GI malignancies, and head and neck cancers [47].

A recent report investigating tumor mutational burden and
a T cell–inflamed gene signature profile evaluated > 300 tu-
mor specimens from cancer patients treated with anti-PD-1
monotherapy in an effort to assess biomarkers of response
[48]. Both the tumor mutational burden and the T cell–
inflamed gene signature independently predicted clinical re-
sponse to anti-PD-1 monotherapy. When the two biomarkers
were used jointly, the rates of clinical response were highest
for the subgroup with a high tumor mutational burden and a
high Tcell inflammation score. For example, in the pan-tumor

group, the TMBhi/T cell inflamedhi patients exhibited a 37%
clinical response rate (CI 19–57%), while the no responses
were seen in the TMBlo/T cell–inflamedlo patients. As expect-
ed, patients defined by one positive biomarker showed a low
response rate to anti-PD-1 compared with the double positive
(TMB/inflamed) biomarker subgroup. Collectively, these
studies (along with many others) provide strong evidence that
TIL density in pre-treatment tumor (in particular, CD8+ T
cells) is an important biomarker of clinical response and
long-term benefit in patients with melanoma and many other
solid tumors. In many studies, TIL density appears to correlate
with high mutational burden and T cell inflammation suggest-
ing that patients can develop spontaneous T cell immunity
directed against neoantigens encoded by their malignancy
[49].

Since high mutational burden tumors (encoding hundreds-
thousands of missense mutations) have the potential to create
an abundance of cancer-specific neoantigens, it is logical to
envision how the host immune system can recognize AAS
(mutant) peptides presented by the cancer [50]. A recent
neo-adjuvant study in patients with resectable non-small cell
lung cancer provided evidence for T cell clonal expansion and
trafficking into tumor after 2 doses of anti-PD-1 monotherapy.
The authors identified 3-T cell clonotypes specific for a single
neoantigen encoded by the patient’s tumor and detected in-
creased frequencies of all 3 clonotypes in peripheral blood
after anti-PD-1 administration [51••]. Importantly, all 3
clonotypes were detected at relatively high frequency in tumor
prior to treatment and could still be detected in surgically
resected post-treatment tumor specimens and regional nodes.
In a separate study of patients with MSI-high cancers, the
authors using a similar strategy by TCRVβCDR3 sequencing
in order to show similar clonal expansions of neoantigen-
reactive T cells in peripheral blood after administration of
anti-PD-1 [52]. Despite the limited sample sizes, these two
studies provide tantalizing evidence to suggest that
neoantigen-specific TIL can mediate tumor regression after
checkpoint inhibitor therapy.

Conclusions

TILs are a rich source of effector T cells that mediate recog-
nition and elimination of solid tumors as demonstrated by
adoptive cell therapy approaches for high mutational burden
malignancies such as melanoma. CD8+ T cell density assays
(i.e., Immunoscore) are now regarded as a reliable biomarker
for inflamed (“hot”) TME for most solid tumors, including
patients that receive checkpoint inhibitors. Although the pre-
cise specificity of the effector CD8+ T cells in most instances
is unknown, there is now emerging evidence to suggest that
tumor-encoded genomic alterations that create neoantigens
are the primary targets of the effector T cells. A major
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challenge for investigators going forward will be to develop
new therapeutic strategies that effectively recruit neoantigen-
specific T cells from the periphery to the TME and improve
the efficacy of checkpoint inhibitors in solid tumor patients.
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