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Abstract: Immunodiagnostic markers applicable on tissue or cytologic material may be prognostic or predictive

of response to immunomodulatory drugs and may also be classified according to whether they are cell-specific or

tumor-tissue-specific. Cell-specific markers are evaluated under the microscope as (I) morphological, corresponding

to the assessment of tumor infiltrating immune cells on routine hematoxylin & eosin (H&E) sections; and (II)

immunophenotypic, including the immunohistochemical (IHC) assessment of markers characteristic for tumor

infiltrating immune cells. Tumor-tissue-specific markers are assessed in tissue extracts that may be enriched in

neoplastic cells but almost inevitably also contain stromal and immune cells infiltrating the tumor. Such markers

include (I) immune-response-related gene expression profiles, and (II) tumor genotype characteristics, as recently

assessed with large-scale genotyping methods, usually next generation sequencing (NGS) applications. Herein, we

discuss the biological nature of immunodiagnostic markers, their potential clinical relevance and the shortcomings

that have, as yet, prevented their clinical application.
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As beautifully communicated to children in the awarded
1990 “Cell Wars” book by E. R. Balkwill, immune cells are
continuously alert for recognizing and destroying alien,
non-self cells, as cancer cells are. But, cancers grow and
spread, and the battle is lost for the host immune system
and the host as a whole, if the host is left untreated. Are
there any means to help the host regain the battle? Yes, and
they have been proven efficient in previously considered
as hopeless cases, but they still fail in others. Can we
distinguish which tumors are easier to fight than others with
or without standard treatment modifications?

The present review focuses on markers that are related
to the tumor-host immune interplay status and dynamics,
which can be assessed on routinely processed tumor tissue
or cytologic material. Tumor immunodiagnostics is an
emerging field in clinical practice involving the discovery,
evaluation, validation and diagnostic application of markers
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that could provide actionable information to the clinician
for patient assessment in all disease settings, i.e., pre-
and post-therapeutically and upon disease progression or
relapse. Thus, with respect to clinical relevance, potential
immunodiagnostic markers are expected to be prognostic
or predictive of response to classic cytotoxic treatments or
immunomodulatory drugs.

Immunodiagnostic markers applicable on tissue or
cytologic material may also be classified according to
whether these are cell-specific or tumor-tissue-specific. Cell-
specific markers are evaluated in situ under the microscope,
almost always on formalin-fixed paraffin-embedded (FFPE)
tissue sections. These are mostly distinguished into (I)
histopathological, corresponding to the morphological
assessment of immune cells on routine hematoxylin & eosin
(H&E) sections; and (II) immunophenotypic, including
the immunohistochemical (IHC) assessment of markers
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characteristic for tumor infiltrating immune cells. Tumor-
tissue-specific markers are assessed in tissue extracts that
may be enriched in neoplastic cells but almost inevitably also
contain stromal and immune cells infiltrating the tumor. This
class of markers may also be distinguished into two categories
(I) immune-response-related gene expression profiles
(immune GEPs); and (II) tumor genotype characteristics,
as recently assessed with large-scale genotyping methods,
usually next generation sequencing (NGS) applications.

After a brief historical and current concept review on our
understanding of tumor-host interactions, the biological
relevance of putative immunodiagnostic markers, their
potential clinical relevance and the shortcomings that have
as yet prevented their clinical application are discussed.

History and current concepts

In 1922, a pathologist and a surgeon reported that patients
with removable breast “growths” with or without nodal
involvement but with lymphocytic infiltrations in their
tumors had a favorable outcome as compared to those
without this feature; however, lymphocytic infiltrations alone
did not appear to be the main factor affecting outcome (1).
Similar reports followed in the next few years for cancer
in other organs. Thirty years later, the issue of host-tumor
relationship was discussed from the aspect of host-resistance
against tumors (2). Fifty years later, all observations
regarding immune cell infiltrates in tumors of all kinds
were meticulously listed (3). The conclusion was that the
immune infiltrates were there but they did not seem able to
destruct tumor cells and that overall no causal relationship
between this feature and the reported favorable outcome
of the corresponding patients could be established. But
the favorable outcome of patients with certain tumor types
bearing tumor infiltrating lymphocytes (TILs) was a fact.
Some 90 years later, tumor immunology was prophetically
predicted as the key for anticancer treatment (4); the concept
of immunoediting in cancer was re-shaped (5); “evading
immune destruction” and “tumor promoting inflammation”
were included in the revised version of the “hallmarks
of cancer” (6); individual immune cells in the tumor
microenvironment and their role in host-tumor interactions
have been extensively described (7); key molecules (8,9) and
drugs targeting these have been developed, successfully tested
and introduced in the clinic (10), with cancer immunotherapy
as the breakthrough of the year 2013 (11); and with
immuno-oncology (and onco-immunology) starring in every
international or local scientific cancer-related meeting.
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The current concept of the host-against-tumor reaction
is based on that genetic and epigenetic alterations in the
neoplastic cells result in the generation of altered peptides,
the neoantigens, which are perceived by the immune
system as “non-self” and thus provoke an immune response
(4,12). The tumor-host interaction introduces alterations
in both the tumor cells and the immune system, a process
described as immunoediting (13,14). These evolutionary
changes occur through intricate pathways involving cellular
and molecular components. Major cellular participants
are helper T lymphocytes (Thl and Th2), cytotoxic T
lymphocytes (CTLs), regulatory T lymphocytes (Tregs),
memory T lymphocytes, tumor-associated macrophages
(TAMs), dendritic cells (DCs), natural killer cells (NK
cells), B lymphocytes (B cells) and myeloid-derived
suppressor cells (MDSCs). The type, density and location
of the immune cells in the tumor microenvironment can be
analyzed morphologically, via histopathologic examination,
with the possible aid of image analysis systems. The
above parameters, along with the functional status of the
immune elements, as assessed by the secretion of cytokines
or other mediators, have been referred to as the immune
contexture (15). Tumor-associated molecular elements, such
as neoantigens, enzymes e.g., indoleamine 2,3-dioxygenase
(IDO), cytokines driving T-cell differentiation, tumor
elimination or escape peptides, such as IFN-y, IL-4, IL-
10, and molecules involved in T cell or antigen-presenting
cell (APC) suppression or activation, such as cytotoxic
T lymphocyte antigen-4 (CTLA-4), programmed cell
death-1 (PD-1), programmed cell death ligand-1 (PD-
L1), lymphocyte activation gene-3 (LAG3) and toll-like
receptor-4 (TLR4) are significant participants in the cancer
and immune system cross-talk.

Histopathology of tumor infiltrating immune
cells and structures: markers on H&E sections

TILs

On histopathologic examination, the tumor
microenvironment contains various cell types of the innate
and adaptive immunity. A prominent population consists
of lymphocytes, called TILs. Melanoma was among the
first tumors where the importance of TILs was noted (16),
and nowadays the assessment of brisk, non-brisk or absent
immune response is part of the standard parameters
addressed in melanoma pathology reports (17). In various
tumor types, the lymphoid cells, observed on H&E
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Figure 1 Examples of histopathologically assessed immune cell infiltrates and structures. (A) Hematoxylin & eosin (H&E) stained section

of breast carcinoma. The diagonal line defines the tumor border, the lower-left portion corresponds to the peritumoral tissue containing
lymphoid cells (arrows); the upper-right portion corresponds to the tumor area; lymphocytes (arrows) are observed both in the stroma
within the tumor (*) and within the neoplastic islands (#) (x100 magnification); (B) H&E stain of breast carcinoma. The epithelial cell nests
are infiltrated by intratumoral lymphocytes (red arrow). Lymphocytes are also seen in the stroma between the tumor cell nests (blue arrows)
(x200 magnification); (C) H&E stain of breast carcinoma. The blue line separates the neoplastic epithelial tissue (left) from the tumor stroma
(right). Stromal tumor infiltrating lymphocytes (TILs) can be observed and estimated in the right side of the picture (x200 magnification);
(D) H&E stain of breast carcinoma with surrounding tertiary lymphoid structures (TLSs) (arrows). The TLSs inferiorly displays centrally

formation of germinal center (x20 magnification).

stain, are found scattered surrounding the tumor, called
peritumoral, or within the tumor mass. The latter can
either be identified in the stroma, between the epithelial
cancer cell nests, and are termed stromal TILs, or
infiltrating the tumor cell nests, in contact to the neoplastic
cells, called intraepithelial or intratumoral TILs (18)
(Figure 14,B). The prognostic significance of TILs in
breast carcinomas (19-21) led to an international proposal
for their evaluation on H&E stained tumor sections (18).
According to these recommendations, TILs are evaluated
on H&E stained, whole tumor sections. Areas of average
TIL infiltration within the neoplastic stroma are studied
(Figure 1C) and the percentage of the stromal surface
covered by TILs is recorded at 10% increments. Tumors
with >50% lymphoid stromal infiltrates are characterized as
lymphocyte-predominant breast carcinomas (18).

Tertiary lymphoid structures (TLSs)

The lymphoid cells infiltrating the tumor may be organized
in TLSs, consisting of B and T cell compartments,
mimicking the lymph node structure and function (22,23).
The B cell areas show lymphoid follicles with or without
germinal center formation (Figure 1D), including all the
relevant constituents, namely, in addition to B cells at
various stages of evolution, T follicular helper cells (Tth),
follicular dendritic cells (FDCs) and macrophages. The T
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cell areas show mature DCs and high endothelial venules.
These structures are usually located at the periphery and
beyond the confines of tumors, such as colorectal, breast
or lung carcinomas. In the colon, they are usually noted
around the muscularis propria or in the pericolic adipose
tissue and because they are reminiscent of Crohn’s disease
they are called Crohn’s-like reaction (CLR) (24,25). They
are considered as tertiary lymphoid organs developing as
part of the adaptive immune response to the tumor (25), are
associated with prominent tumor infiltration by effector-
memory CD8+ T cells and are considered important in

educating CD8+ T1ILs in situ in order to control tumor
growth (23,26,27).

H&E markers prognostic/predictive for disease outcome

The presence of TILs has been correlated with positive
patient outcome in many tumor types, including colorectal
cancer, melanoma, breast carcinoma, urinary bladder,
prostate, renal cell, head and neck, lung, esophageal, gastric,
pancreatic, hepatocellular, ovarian, endometrial and cervical
carcinoma (15,28-31), although the prognostic significance of
the various TILs subpopulations, TILs density and location
may vary according to tumor type and stage (15,28,30).
During the last decade a significant body of evidence
has accumulated regarding the importance of TILs in
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breast carcinoma. High TILs evaluated by H&E are more
frequently observed in high grade, triple-negative breast
carcinomas (TNBC) and HER2+ tumors, as well as in the
prognostically favorable medullary carcinoma [reviewed
in (32,33)]. Several studies evaluating the prognostic
significance of TILs in breast carcinoma had contradictory
results, possibly attributed to methodological variations.
High TILs are associated with better prognosis in early
stage TNBC in phase III trials with adjuvant anthracyclin-
based chemotherapy (19,34,35), HER2+ breast carcinoma
(36,37) and in lymphocyte-predominant breast carcinoma
irrespectively of nodal status (36) but not in ER+ tumors (34).
In accordance to these studies, a meta-analysis including
16,097 patients found that rich in TILs ER- breast
carcinomas were associated with favorable prognosis (33).

High TILs were associated with response to neoadjuvant
chemotherapy (38), in two meta-analyses including
3,251 patients (39) and 12,968 patients (40), in ER-
breast carcinomas, according to a meta-analysis with
16,097 patients (33), in HER2+ breast carcinomas and
TNBC (41). LPBC had a higher pCR than non-LPBC,
particularly with the addition of carboplatin compared to
the anthracyclin/taxane-only regimen (42). High TILs were
also associated with response to adjuvant chemotherapy
(34,36,38,43,44,). Furthermore, high TILs predicted
benefit from trastuzumab therapy in the FiInHER trial (35);
in HER2-positive patients treated with trastuzumab,
tumors with high TILs had the best outcome among all
HER2-positive patient groups in a pooled analysis of four
prospective clinical trials in the pre- and post-trastuzumab
era (36); in this latter study, however, patients with low
TILs also benefitted from trastuzumab as compared to
those in the pre-trastuzumab era, and no interaction was
demonstrated between TILs and this drug.

TLSs have been associated with favorable outcome
in breast (45) and lung carcinomas (23). In the colon,
TLSs and CLR along with prominent lymphocytic
infiltration (>3 intraepithelial/intratumoral lymphocytes
per high power field) are considered as evidence of
high microsatellite instability (MSI-H), associated with
favorable outcome (46).

On the other hand and in addition to the T cell-inflamed
tumor phenotype, where the neoplasm survives through
immune-suppressive mechanisms, a non-inflamed tumor
phenotype is also observed, where the immune system
ignores the neoplasm (47). Recognition of the two distinct
phenotypic immune tumor categories would potentially
drive, in the future, distinct therapeutic approaches.
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Phenotypic markers of tumor infiltrating immune
cells: IHC markers

Markers per immune cell type and function

Several markers of the immune components are available for
fresh or frozen tissues but these are more limited for FFPE
tissue, which is the focus of the following discussion, since
this is the type of material usually readily available. Of note,
the same marker may label different cell types, while the
same cell type may express more than one marker (7able ).

The vast majority of the lymphoid infiltrates in the
tumor microenvironment consists of T lymphocytes. They
express the pan-T cell marker protein CD3 (Figure 2A,B),
which is associated with the T cell receptor (TCR) and is
very specific for T cell derivation (31,48). The major T cell
subtypes, the Th cells and CTLs can be recognized by the
expression of the CD4 and CD8 molecules, respectively.
These are both related to the T'CR and aimed to recognize
and bind to the MHC II molecule of the APC and the
MHC I molecule of all nucleated cells, respectively, in order
for the antigen recognition to occur by the T cell.

The acquisition of CD4 occurs in the thymus and is
retained by the naive CD4+ T cells that migrate to the
secondary lymphoid organs, as well as by the various effector
T cell subpopulations developing thereafter (49). Depending
on the cytokine milieu at the site of the activation of the
CD4+ naive T cell, different subpopulations of CD4+ T cells
will be produced. STAT-4 activation and the transcription
factor T-bet drive the Thl cell differentiation program and
suppress the Th2 and Th17 cell differentiation. The Thl
lymphocytes are characterized primarily by the production
of IFN-y that induces CD8+ CTL maturation, NK cell
activation and polarization of TAMs to the M1 anti-
tumor subtype. These cell populations in concert exert a
tumor elimination effect. Under the effect of 1L.-4, STAT-
6 activation and the transcription factor GATA-3 drive the
Th2 cell differentiation (49). Th2 lymphocytes produce
primarily IL-4 and IL-5 and drive a humoral immune
response and chemotaxis for eosinophils in the site of the
tumor. Their role in tumor growth is unclear. CD4+ Th17
cells are characterized by the production of IL.17 and their
development is driven by STAT-3 and the retinoid acid
orphan receptor (ROR)-yt (RORc) transcription factor under
the influence of IL.-6 and low concentrations of TGF- (50).
Th17 cells have been identified in several types of human
cancer with contradicting results in patient outcome (51,52).
CD4+ Tth cells are present within the follicular germinal
centers and in TLSs related to the tumors. They express the
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Table 1 Cells of the immune system in the tumor microenvironment and commonly used immunohistochemical (IHC) markers in formalin-fixed

paraffin-embedded tissue sections

Cell of interest Main marker

Other cells expressing main marker

Other markers expressed in cell of interest

T cell CD3 None CD5, CD2, CD7
T cytotoxic CcD8 Natural killer (NK) cells CDg, CD5, CD2, CD7, perforin, granzyme B
T helper 1 CDh4 Th2, Tregs, Th17, macrophages CDg, CD5, CD2, CD7, T-bet
Tregs FOXP3 Certain CD8+ cells and certain tumours CD3, CD4, CD25, CTLA-4, PD-1
T memory cells CD45RO Myeloid, macrophages, certain activated CD3, CD4
B cells
B cells CD20 None CD79a, PAX-5
Plasma cells CD138 Certain epithelia and carcinomas CD79a
NK cells CD56 Some CD4+ and CD8+ activated T cells CD2, CD7, CD8, CD57, perforin, granzyme B
Tumor-associated macrophages CD68 Myeloid cells CD163 and CD23+ in M2 TAMs
(TAMs)
Mature dendritic cells CD208 None HLA DR, CD80, CD83, CD86, S100 protein
Immature dendritic cells CD1a Langerhans cells HLA DR, S100 protein

Myeloid-derived suppressor cells CD33/CD11b Precursor myeloid/monocytic cells
(CD33); NK cells (CD11b)

(MDSCs)

CD15 (precursor myeloid); CD14 (precursor
monocytic)

transcription factor BCL-6, PD-1, CXCRS5 and molecules
important for B cell development (49).

CTLs, identified by the expression of CD8+ (Figure 2C),
recognize and kill cells bearing an antigen bound to a MHC
I type molecule, which is present in all nucleated cells,
including tumor cells (53). They result in target cell killing
via the perforin and granzyme A/B system or through the
expression of the FAS ligand. Both mechanisms result in
induction of apoptosis in the target cell (54). Perforin and
granzyme B (55) have been used as indices of an effector
cytotoxic phenotype, although they are also seen in NK
cells (48).

Tregs are suppressor cells with a beneficiary effect in
regards to autoimmunity, allergy and transplant rejection
but mixed effects in infection and cancer surveillance.
Although Tregs comprise approximately 10% of total
circulating CD4+ T cells, they amount up to 30-50% of
CD4+ T cells in the tumor microenvironment, depending
on the tumor type (56). There are two major Treg
subpopulations, the natural Tregs (nTregs), produced in the
thymus and involved in self-tolerance, and the induced or
adaptive Tregs (iTregs), occurring in peripheral tissues and
assisting in the adaptability and tolerance of the immune
system towards microbial and tissue antigens (57). nTregs
express high levels of CD25, the IL-2 receptor a chain, also
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present in lower levels on effector T cells. Development
and function of nTregs depends on the expression of
forkhead box P3 (Foxp3), a member of the forkhead-
box/winged-helix transcription factors, that allows for
their identification (58) (Figure 2D). Foxp3 is transiently
expressed at lower levels by both CD4+ and CD8+ cells
upon stimulation, although these cell types can be identified
by the expression of IFN-y, TNF-a and IL-2 (57). CD4+
CD25+ Foxp3+ nTregs suppress CD4+ and CD8+ T cell
function, activation and proliferation, B cell proliferation
and antibody production, NK cell activation and maturation
of DCs, while skewing TAMs towards an M2 tumor-
assisting phenotype. The tumor microenvironment is
responsible for the generation of tumor-related i'Tregs,
which are phenotypically similar to n'Tregs, expressing CD4,
CD25 and Foxp3, although there are also subpopulations
of i'Tregs that may not express Foxp3 (58). Tregs may also
arise from CD8+ T cells, either intrathymically (n'Tregs)
with a CD8+, CD25+, Foxp3+, CTLA-4+ phenotype,
or at the periphery (i'Tregs), including tumor sites, with
suppressive function through cell-cell interactions (57).
Since an entirely specific and sensitive marker of Tregs is
not available, additional markers expressed on Tregs have
been investigated. These include the IL-2-related proteins
CD122 xat CD132 (59), CD127, the IL-7 a subunit (60),
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Figure 2 Examples of main tumor immune status markers, as assessed with immunohistochemistry. (A) CD3 immunohistochemical IHC)

stain in breast carcinoma highlights numerous intratumoral (red arrow) and stromal (blue arrow) CD3+ T lymphocytes, as well as those related

to peritumoral tertiary lymphoid structures (TLSs) (green arrow) (x20 magnification); (B) CD3 IHC stain in breast carcinoma indicates dense

peritumoral infiltration around normal duct by CD3+ T cells (left), as well as intratumoral (red arrows) and stromal (blue arrow) CD3+ T

lymphocytes (x100 magnification); (C) CD8 IHC stain in breast carcinoma highlights abundant intratumoral (red arrow) and stromal (blue
arrow) CD8+ T lymphocytes (x200 magnification); (D) FOXP3 IHC stain in breast carcinoma highlights few intratumoral (red arrow) and
more numerous stromal (blue arrow) FOXP3+ lymphocytes (x200 magnification).

CTLA-4 (59), glucocorticoid-induced tumor necrosis
factor (INF) receptor (GI'TR), a costimulatory molecule
involved in regulation of Treg cell function (60), OX40
(CD134) of the TNF receptor superfamily (61), PD-1, toll-
like receptors (T'LRs) and chemokine receptors CCR4 and
CCRS5 (56). Inducible co-simulator ICOS), a CTLA-4 and
CD28 homolog, related to Tth development characterizes
highly suppressive Tregs. HELIOS, a member of the
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“Icaros” family of transcription factors, is found on nTregs
but not on iTregs, although it does not appear to represent
a reliable marker for the distinction between the two
groups (60). LAG-3/CD223, a CD4 homolog, is expressed
on Tregs from cancer patients both at the tumor site and
peripheral blood (58,59). Neuropilin-1 (Nrp-1) is also been
considered as a Treg index marker (58).

Memory cells are characterized by the expression of
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CD45RO, although this marker is also localized on myeloid
cells, macrophages and certain activated B cells and pre-
plasma cells (62).

B cells can be reliably identified by the pan B cell
marker CD20, recognized by the antibody L26, the
immunoglobulin associated molecule CD79a, also expressed
in plasma cells or the nuclear expression of the transcription
factor PAX-5 (62,63).

Plasma cells are labelled by CD138, a very sensitive and
specific marker for this cell type (48). The marker can also
be expressed in certain epithelial cells and malignancies but
the cell morphology between the populations is distinctive
enough to prevent misinterpretation.

DCs function to present antigens and prime T and
B cell immune responses to non-self antigens, as well as
in maintaining tolerance. They express S-100 protein, a
marker expressed in several other cells types and tumors,
including melanoma, several types of epithelial cancers and
nerve sheath-derived tumors. Mature DCs express CD208
dendritic cell lysosomal-associated membrane protein (DC-
LAMP) (64) and immature DCs CD1a. Their functional
status relies on their maturation status. Immature tumor
infiltrating DCs (TIDCs) support tolerance of cancer
cells, while mature TIDCs assist cancer elimination (65).
Phenotypically mature DCs acquire expression of MHC
class I, CD80, CD83 and CDS86, these latter markers being
negative or low on immature DCs. Recent data point to
the presence of additional subtypes of semi-mature DCs
with either functional (e.g., cytokine expression profile) or
phenotypic disparity from the fully mature DCs, leading to
the assumption that the initial dichotomous view of DCs as
either immature/tolerogenic or mature/immunogenic may be
obsolete (65). It has been suggested that DNRG expression
by DCs is associated with an antitumor response while Foxp3
expression may be related to T cell tolerance (47).

NK cells, although traditionally considered to be a
component of the innate immunity, they are also assisted
in developing their full potential after priming by the DCs
(66,67). CD56 expression is considered typical of NK cells,
although this marker is present in subsets of CD4+ and
CD8+ cells (48). They express NK cell receptors, such as
NKp46 and NKG2D, as well as bright CD56. A CD56dim
subpopulation of NK cells expresses CD57, a marker also
shared by a subpopulation of T cells. The CD56dim/CD57
bright NK cells have an enzymatic and functional profile
associated with high lytic capacity, thus they are considered
to represent an effective antitumor response.

MDSCs are a heterogeneous population of myeloid
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progenitor cells exhibiting myeloid or monocytic
differentiation and significant immunosuppressive function
against tumors, mainly through direct inhibition of CTLs
and NK cells. Human MDSCs express the myeloid markers
CD33 and CD11b, are HLA-DR negative, with the myeloid
and the monocytic precursors also expressing CD15 and
CD14, respectively (68,69).

TAMs have a dual antigen-presenting and phagocytic
function. They are positive for CD68, a lysosomal protein
recognized by two antibody clones, KP1 and PGM1. The
latter clone is considered more specific for histiocytic
differentiation, while the former is also shared by myeloid
cells. After exposure to LPS or IFN-y they may be polarized
to the M1 subtype, driving a Thl immune response
or frequently in the tumor microenvironment their
polarization is skewed towards the M2 subtype positive
for CD163, that drives a Th2 response, immunotolerance
towards the tumor, assists tissue remodelling and tumor

angiogenesis (62,70).

Prognostic individual IHC markers for disease outcome

The most extensively studied immune cell types are the
CD3+ T cells, the CD8+ CTLs, the CD4+ T cells, the
Foxp3+ Tregs and the CD45RO+ memory cells. In a
meta-analysis evaluating the prognostic significance of
intratumoral CD3+, CD4+, CD8+ and Foxp3+ TILs, in
several tumor types including ovarian, colorectal, lung,
hepatocellular and renal carcinomas among others, CD3+
and CD8+ TILs were associated with increased overall
survival (OS) with hazard ratios (HR) of 0.58 and 0.71,
respectively, and 95% confidence intervals (CI): 0.43-0.78
and 0.62-0.82, respectively. Although Foxp3+ TILs were
not linked to OS, with HR 1.19 and 95% CI: 0.84-1.67, the
ratio CD8/Foxp3 was strongly linked to OS (HR 0.48, 95%
CI: 0.34-0.68) (71).

In a meta-analysis of TILs in colorectal cancer, Mei and
colleagues found that high CD8+ and CD3+ TILs in the
stroma of the invasive tumor front were associated with
higher OS (HR 0.78 and 0.63, 95% CI: 0.67-0.82 and
0.42-0.93, respectively) (30). A meta-analysis of TILs in
early, TNBCs noted that TIL-rich TNBCs were associated
with better OS (HR 0.66, 95% CI: 0.53-0.83) irrespectively
of TIL location (intratumoral or stromal) or mode of
detection (H&E, CD8+ or Foxp3+ populations) (33).

CD8+ TILs have significant anti-neoplastic function,
as indicated by their positive effect on prognosis of
patients with melanoma, lung, breast, colorectal, cervical,
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endometrial, ovarian, urothelial, prostate, head and neck,
esophageal, pancreatic and hepatocellular carcinomas
(15,63,72). Similarly, memory CD45RO+ cells have been
associated with higher disease-free survival (DFS) and/or
OS in several cancer types (15,73), while the prognostic
significance of B cells, Tregs, TH2, TAMs and MDSCs
differs according to cancer type and stage (15).

CD8+ TILs have been associated with increased breast
cancer specific survival in TNBC (74-76), HER2+ and
ER+/HER2+ breast carcinomas (74) and in basal-like breast
cancer but not in non-basal TNBC or in other intrinsic
subtypes (77). CD8+ TILs have also been associated with
response to adjuvant (74) and neoadjuvant anthracyclin+/-
taxane-based chemotherapy (38).

Studies of non-small cell lung carcinoma (NSCLC)
have highlighted the prognostic importance of TILs
[reviewed in (78)]. Donnem and colleagues have shown
that CD8+ stromal TILs had independent prognostic
significance and added independent prognostic information
within each NSCLC stage categories I-1IIA, with even
stronger prognostic impact of stromal CD8+ TILs at the
invasive margin, eluding to a TNM-immunoscore (Im)
implementation in NSCLC (79). On the other hand, in
a large study with 1,290 patients, prognostic significance
of CD8+ TILs was identified only in squamous cell
carcinomas (80). A recent meta-analysis, including
29 studies and 8,600 patients, identified that high levels
of CD8+ TILs in the tumor stroma and tumor nests were
associated with better OS (HR 0.76 and 0.80, 95% CI:
0.62-0.93 and 0.67-0.91, respectively). Similar results
were observed for CD3+ TILs, with HR 0.65 and 0.66
and 95% CI: 0.50-0.84 and 0.45-0.97, respectively. CD4+
stromal TTLs were also associated with better OS (HR
0.65, 95% CI: 0.46-0.91). On the contrary FOXP3+
stromal TILs were associated with worse progression-
free survival (PFS) (HR 2.67, 95% CI: 1.74-4.08) (81).
In addition to immunohistochemically-detected markers,
TLSs detected in NSCLC have been associated with long-
term survival (22). Intense lymphocytic infiltration (>50%
stromal TILs, corresponding to lymphocyte-predominant
breast carcinomas) was associated with longer OS, DFS and
specific DFS in resected NSCLC treated with platinum-
based chemotherapy. Intense infiltration was observed in
9% of the total study cases (discovery and validation sets).
There were no differences with regards to histologic types
(adenocarcinoma and squamous cell carcinoma) and no
predictive effect was observed (82). Based on the experience
from colorectal and breast carcinomas, a prospective

© Annals of Translational Medicine. All rights reserved.

Kourea and Kotoula. Tumor immunodiagnostics

multicenter study is planned for the evaluation of TILs in
NSCLC (78).

Foxp3+ TILs have been associated with young age,
high grade, ER-negative breast carcinomas, imparting a
poor prognosis in ER+ tumors but a good prognosis in
the HER2+/ER- subtype (83). Of interest, the tumor-
promoting function of Tregs and MDSCs can be reduced
by paclitaxel, as it selectively induces Treg apoptosis and
impairs MDSC function by promoting their differentiation
towards M1 TAMs and DCs (40). Nonetheless, the 2015
St Gallen consensus conference panel majority did not
conclude that TILs have prognostic or predictive validity in
breast carcinoma (84).

The role of Foxp3+ TILs in prognosis has been
controversial. In their review deLeeuw and colleagues found
that Foxp3+ TILs were associated with consistently poor
prognosis in hepatocellular carcinoma and more frequently
with poor prognosis in breast carcinoma. Neutral or good
prognostic value was seen in colorectal, bladder, ovarian
or oral carcinomas (85). A putative explanation of the
paradoxically positive effect of Foxp3+ cells in colorectal
carcinoma prognosis has been attributed to their inhibitory
effect on the tumor-promoting Th17 cells. Th17 cells are
accumulated in the microbe-rich environment of the bowel
and colorectal carcinomas as an antimicrobial defence
mechanism and produce tumor-promoting cytokines. It
has been suggested that the inhibitory effect of Tregs on
Th17 cells may explain the paradoxically positive role of
Tregs on prognosis of colorectal carcinomas or tumors in
sites with endogenous microbial-rich flora, such as the oral
carcinomas (86). High numbers of NK cells were associated
with improved prognosis in gastric, lung and colorectal
carcinomas [reviewed in (67)].

Combinations of IHC markers and Im

Another approach in evaluating the effect of TILs on
prognosis is through the combined analysis of markers,
either as marker ratios or marker co-expressions.

The ratios most frequently evaluated, as identified by a
meta-analysis of TILs in various tumors by Gooden et 4/.,
were CD8:FOXP3 and CD8:CD4 (71); the CD8:FOXP3
ratio was associated with increased OS in six studies (HR
0.48, 95% CI: 0.34-0.68), with increased DFS in two studies
and PFS in two additional studies. The importance of this
ratio is also exemplified in medullary breast carcinoma
that is typically associated with favorable prognosis. This
tumor type, although infiltrated by a significant number
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of FOXP3+ cells, showed a CD8:FOXP3 ratio of 2.6,
compared to breast carcinomas of the non-specific type
that had a ratio of 1.1 (87). High levels of CD8+ TILs and
absent FOXP3 TILs after neoadjuvant chemotherapy were
associated with complete pathologic response (88), while
high CD8:FOXP3 in breast resection specimens after
neoadjuvant chemotherapy was associated with improved
recurrence-free survival (RFS) and OS (86) Other ratios
that have been evaluated are CD3:CD8, FOXP3:CD3,
FOXP3:CD4 and CD8:CD4, the latter examined in three
studies and found to be significant in one (71).

Combination of markers, such as CD8+ and CD45RO+
TILs, have been shown to relate to good outcome in several
tumor types including colorectal carcinoma (15). The
combination of marker analysis was used in establishing
the Im, a powerful prognostic tool originally evaluated in
colorectal carcinomas (73,89). The Im takes into account the
identification of TIL populations expressing CD3, CD8 and
CD45RO. The markers are examined as pairs (CD3/CDS8,
CD3/CD45R0O and CD8/CD45RO) in both the center and
the invasive edge of stage I-III colonic adenocarcinomas.
The expression of each marker in each tumor location could
have a low or high value resulting in an Im ranging from
ImO (if all four values are low) to Im#4 (if all four values are
high). Tumors with Im4 are associated with longer DFS,
disease specific survival (DSS) and OS, independently of
stage. Thus, it was suggested that the Im has a significant
value in the prediction of recurrence, independently of
stage and clinicopathological parameters (55,90). An
international study to evaluate the feasibility, reproducibility
and prognostic value of the Im in colon carcinomas is
been conducted and the markers to be evaluated are CD3
and CDS8, given the high background staining seen with
CD45RO and the granularity of granzyme B (28). Although
the Im was originally introduced as a prognostic parameter,
it has been proposed that it may function as a potential
predictive marker for immune checkpoint targeting agents
(27,28). The idea of implementing the Im in additional
tumor types, including melanoma, breast, endometrial
and ovarian carcinomas, was discussed in an international
meeting of expert pathologists and immunologists (28),
while strategies for the implementation of the Im in
NSCLC have been proposed (78).

Predictive IHC markers for immunomodulatory drugs

CTLA-4 is expressed on T cells, in order to dampen the
T cell activation responses after recognition by the T cell

© Annals of Translational Medicine. All rights reserved.

Page 9 of 17

of an antigen presented by the APC. CTLA-4 ligands are
expressed on APCs, but not on tumor cells and the resulting
suppression is thought to occur in lymphoid organs and not
in the tumor microenvironment (10).

PD-1 is also expressed on activated T and B cells, NKT
cells, monocytes and Tregs and has a similar to CTLA-
4 immunoregulatory function, aiming at controlling T
cell activation. PD-L1 and PD-L2 are expressed on APCs
but can also be expressed by many types of human cancers
[reviewed by (91)] and upregulated by cytokines, such as
IFN-y and IL-4. The binding of PD-1 with PD-L1 results
in inhibition of T cell activation, proliferation and cytokine
secretion, resulting in immune evasion of the tumor cells in
the tumor bed [reviewed by (92,93)], as well as an increase
of Tregs in the tumor (94).

Cancer immunotherapy agents aim at CTLA-4 and/or
PD-1 inhibition. Drugs targeting CTLA-4 are associated
with global T cell activation and increase in tumor
infiltration by T cells (91). Until now there is no predictive
marker for CTLA-4 inhibitors (95), although high
expression of FOXP3 and IDO at baseline biopsies and
increases in TILs after initiation of treatment were related
to increased clinical activity of ipilimumab in melanoma (96).

PD-L1 expression has been studied at the protein
(97-102) or m-RNA (101-103) level in melanoma, lung,
renal cell, bladder, ovarian, gastrointestinal, breast and
head and neck carcinomas. In a meta-analysis of NSCLC
studies, PD-L1 expression was associated with poor OS (HR
1.91, 95% CI: 1.33-2.95) (104). Agents blocking the PD-1/
PD-L1 interaction, through binding of PD-1 or PD-LI,
are used in melanoma, NSCLC, renal cell, bladder, head
and neck, ovarian carcinomas and lymphomas (105,106)
and progressively in more types of tumors. In several
trials and tumor types, PD-L1 expression by the tumor
or the immune cells has been used as a predictive marker,
with tumors expressing PD-L1 displaying 48% response
rates versus 15% in the PD-L1 negative tumors (107). In
certain studies, PD-L1 expression has been associated with
response to anti-PD-1 (108) or anti-PD-L1 agents (93)
and in others PD-L1 expression by the lymphoid cells was
predictive of clinical benefit (109). Thus, one major issue is
the cell type expressing the protein, since the expression on
antigen-presenting cells and lymphoid cells may be equally
important for tumor containment, as is the expression on
the neoplastic cells (106). There is significant heterogeneity
regarding the IHC evaluation of PD-L1. The spatial
heterogeneity (110) and temporal variation of PD-L1
expression within a given tumor or between tumor clones of
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a patient present a first obstacle (93). To complicate matters
further, different therapeutic agents have as companion
diagnostic tests different antibodies, platforms and methods
of assessment (93,106). Different antibodies result in
significantly discordant results (110). Varying IHC protocol
conditions and platforms, staining patterns (membranous
or cytoplasmic), thresholds for positivity (50%, 5% and
1%) and the inherent inter-observer variability of IHC
studies result in remarkable variations in PD-L1 detection
and assessment (111). Due to the lack of methodological
standardization, definitive data on the utility of PD-L1
IHC evaluation as a predictive marker are not yet available
and alternative methods, such as mutational profiles, are
been investigated (112). On the other hand, an initiative to
evaluate the reproducibility, prognostic and predictive value
of the different PD-L1 assays for NSCLC is undertaken by
the International Association for the Study of Lung Cancer
(IASLC) (106). Similarly contradictory and inconclusive
results are obtained regarding the prognostic role of
PD-L1 (100).

Nevertheless, FDA approval has as yet (June 2016)
been granted for three PD-L1 assays on routine diagnostic
tissues with IHC, as companion diagnostics for selecting
patients to receive an equal number of three therapeutic
antibodies: the Dako mouse clone 22C3 for the anti-PD-1
pembrolizumab in the treatment of NSCLC (113) and
melanoma; the Dako rabbit clone 28-8 for the anti-PD-1
nivolumab in melanoma; and, the Ventana clone SP142 for
the anti-PD-L1 atezolizumab in bladder cancer. The true
value of these tests in clinical practice will be evaluated in
the years to come.

Shortcomings on IHC immune-cell related markers

Several problems may be encountered when assessing
immune cell infiltration within a given tumor type or
organ and among various tumor types. Tumors of various
organs differ in their immunogenicity and the degree of
immune cell infiltration and thus, are likely to be evaluated
differently, e.g., melanoma and colon carcinoma are very
immunogenic, while breast carcinoma is less so (99). On
H&E assessment, examination of whole tissue sections will
often reveal an uneven distribution of the inflammatory cells
with variability between the center and the periphery of the
tumor, or with focal or multifocal confluence of the immune
cells, raising a question regarding the adequacy or inferiority
of tissue microarrays (TMAs) for TILs evaluation, as well
as the number, size and derivation of tissue cores for tumor
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representation. The spatial heterogeneity may introduce
inter- or intra-observer variability in the quantification.
The method of quantification/scoring, e.g., counting cells,
estimating percentages, evaluating the tumor perimeter,
or employing digital image analysis systems may also vary
among tumor types, particularly with regards to the degree
of the infiltration, e.g., colon carcinoma may be heavily
infiltrated by lymphoid cells, rendering cell counting
non-feasible and introducing the need for image analysis
systems. The importance of intraepithelial, stromal or total
TILs may vary among different tumors, e.g., for melanoma
the significant TIL population consists of only those in
direct contact with the melanoma cells (17), while in the
breast the proposed mode of evaluation refers to stromal
TILs, not touching the epithelial elements (37).

If cell subpopulations are to be examined by IHC, choice
of the particular index markers, various antibody clones for
each marker available for immunohistochemistry in FFPE
tissue, assessment protocols and scoring modalities are
also sources of variability (28). Certain index markers are
remarkably robust and reliable, such as CD3 for detection
of T cells, CD20/1.26 for detection of B cells, CD138 for
detection of plasma cells and CD8 for detection of CTLs.
Others, such as CD4 used for Th cells, are not as specific,
been observed in T cells with different functions, such as
Tregs and Th17 cells, as well as in monocytic cells and DCs.
FOXP3 is considered a relatively specific marker of Tregs,
but it has been identified in activated T cells both effector
and cytotoxic (60) and in neoplasms, among which breast
carcinoma, hepatocellular carcinoma and melanoma (114).
Furthermore, different antibody clones yield different
staining patterns, raising concerns regarding antibody
specificity. The intensity of the staining is at times an issue,
e.g., CD25 is also considered a Treg marker but only at
high levels of expression, since at lower levels it is observed
on activated CD4+ and CD8+ effector T cells (60). Issues
relating to PD-L1 reproducibility and applicability were
discussed in the previous section.

Prognostic immune-related GEPs

As described, IHC is a widely applicable method that
can eventually aid clinical decision-making when one or
few markers are to be addressed, for a respective number
of drugs. However, such a small number of molecular
targets are generally not deemed adequate for assessing
the functional program of a tumor and researchers
have repeatedly turned to gene expression profiling
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by means of microarrays or qPCR for this purpose,
such as Oncotype Dx, Mammaprint, Genomic Grade
Index, Prosigna for breast (115) and the Oncotype Dx
for colorectal cancer (116). In breast cancer, immune
GEPs have been demonstrated as favorable predictors of
response to neoadjuvant chemotherapy for all breast cancer
subtypes (117) and as indicators of a distinct triple-negative
breast cancer subtype that overlapped with GEPs from
medullary breast carcinomas (118) that are lymphocyte rich,
as described above, and carry excellent prognosis. However,
none of these microarray GEPs, all of which had been
determined in pre-existing microarray datasets, has been
prospectively applied yet.

A different rationale with only a triplex RT-qPCR
employing an endogenous reference and two target mRNAs
has been also applied on FFPE tissues. Instead of the above-
discussed CD3:CD8 IHC ratios for the mostly studied
Im, CD3Z/CD8 mRNA profiles have been investigated in
colorectal cancer (119). CD3Z and CD8 relative expression
values have been clustered to create a score that was a
favorable predictor of patient outcome, when both genes
were highly expressed, much like the respective IHC Im.
This triplex assay has recently been commercialized as
ImmuneTYPER, but it has not yet received clearance for
diagnostic use. Unlike the technically demanding and costly
microarray platforms, especially for FFPE tissue templates,
simple assays such as the one described may become
clinically applicable if carefully validated.

Neoantigens, tumor mutational load and TILs

Recognizing the full profile of neo-antigens in a tumor
demands extensive bioinformatics and HLA typing
(12,120,121). "Two basic aspects in this context are that the
number of neo-antigens usually increases with increased
mutational load in a tumor, however neo-antigens that
mostly drive CD8+ cell activation come up to 92% from
passenger mutations and only up to 8% from mutations in
known oncogenes that are considered to drive the tumor;
in comparison, CD4+ cell activation is almost exclusively
driven by neo-antigens from passenger mutations (12).
Isolation of T cells that specifically react against neo-
antigen epitopes produced by cancer cells was applied in
a limited number of tumors and peripheral blood from
patients with metastatic melanoma (122). Despite the
fact that the rate of such cells in the periphery is very
low their capture may be possible with current hyper-
sensitive technologies. The approach may prove useful for
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personalizing immune therapy for cancer patients (123);
however, the isolation and characterization of cells for neo-
antigen specificity is still laborious and not applicable in
routine diagnostics.

In comparison, the increasing spread of NGS
applications for tumor genotyping may allow for the
estimation of the tumor mutational load, which is related
to the tumor neo-antigen load, and may be predictive
of response to targeted immunomodulation (124) and
probably to conventional chemotherapy, as well. Not all
tumors carry similar numbers of mutations and tumors
with a heavy impact of environmental carcinogens, such as
melanoma and lung cancer, are among the heavily mutated
ones (125). Increasingly, tumor classes with a dramatically
high mutational load and distinct mutation patterns, are
recognized to carry specific DNA repair defects, such as
mismatch repair (MMR) gene defects previously known
as tumors with a hypermutator phenotype (typically
>1,000 mutations), within the Lynch syndrome or
sporadic (126); BRCA1 mutations (127); APOBEC
mutations (128); POLE mutations (129) the latter also
characterized as ultramutated since they carry the highest
mutational load among all tumor types, 100 s of 1,000 s.

The question with NGS applications is whether it is
obligatory to use exome sequencing for assessing the entire
coding mutations or whether inferring the rate of mutations
that are obtained with targeted NGS panels would be
sufficient. It seems that multigene panels are also suitable
in predicting mutational load and MMR gene deficiency in
the clinic (130). Of note, most of these 1,000 s of mutations
in hypermutated tumors occur at very low frequency in the
tumor DNA environment and it appears that sensitivity
to checkpoint inhibitors is associated with the presence
of clonal mutations that produce clonal neoantigens in
tumors (131). Assessing the rate and clonal incidence of
mutations with exome sequencing or, alternatively, with
multigene panels may aid in selecting patients who will
benefit from these treatments. These applications need
to be standardized first and, although such assessments
may become diagnostically applicable in the future, exome
sequencing is still of limited use in the diagnostic context
in general, and particularly so with respect to FFPE tissues
which represent the bulk of diagnostic material. As discussed
in the literature (124), further surrogate limited to cases
with Lynch syndrome or with acquired MMR deficiency
could be the investigation of MMR status by IHC, as
regularly applied in pathology laboratories worldwide.

Further issues concerning tumor genotypes with
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NGS include the evolution of relapsed/metastatic tumor
mutational status upon chemotherapy, which may be
increased, and the acquisition of mutations in the immune
response machinery, such as reported for deficient antigen
presentation upon evolving mutations in HLA genes (132).
Even in treatment naive tumors, the mutational profiles
attributed to tumor cells may also concern stromal cells or
TILs. In the latter context, it was shown that leukocytes
infiltrating breast carcinomas may carry mutations in known
breast cancer genes or in leukemia associated genes that
are not necessarily present in the germline (133). The gene
encoding PD-L1 on chromosome 9 may be amplified in
certain cancer types, e.g., cervical cancer, leading to over-
expression of this protein (129). In fact, the mutational
status of TILs has not yet been approached; however, these
cells proliferate in situ in tumor tissues, which is positively
related with their favorable impact on outcome (89); this
function, however, may also be related to the acquisition of
mutations in these non-neoplastic cells.

Conclusions

The interactions of neoplastic cells with the cellular
and humoral immune components in the tumor
microenvironment have been shown to be critical for the
fate of the tumor, determining its survival or extinction.
The immunoediting theory progression phases, namely
elimination, equilibrium and escape, could possibly be
reversed to the benefit of the patients, if the key features
that drive this progression are dissected out. During the
last decade, remarkable progress has been made in this
field in basic, translational and clinical research. Major
challenges in tumor immunodiagnostics are introduced by
the variation of the immune response between organs and
tumor types, by the heterogeneity of the distribution of
the immune components, as well as by the great variety of
available detection tools. It clearly appears that infiltration
of tumors by CD8+ cytotoxic cells confers a positive
prognostic value, while more complex methodologies, such
as the Im, are likely to be included in the prognostic and
predictive armamentarium, if validated by the ongoing
clinical trials. Significant effort and progress is observed in
colorectal, breast carcinoma and NSCLC that have been
more extensively studied.

At present, the only immunodiagnostic markers that have
entered clinical practice are the described FDA approved
PD-L1 assays as companion diagnostics for checkpoint
inhibitors. Further iz situ markers, such as stromal and/
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or intraepithelial TILs assessment and Im are currently
trialled for clinical applications by international consortia
and a consensus (positive or negative) on their diagnostic
use is awaited. Similarly, normalization and standardization
of methods and tests for the assessments of the highly
promising mutational load and mutation clonality are
needed for the validation of such markers as predictive of
response to established and newer immunomodulatory
drugs.

Except for the above, a major issue that has progressively
started to be discussed concerns the (re)appraisal of
the continuous evolution of cancer cells but also of
host cells including immune infiltrates within the same
microenvironment, i.e., the tumor, and within the host as a
whole. The status of DNA, which was previously considered
as germline stable, is obviously dynamic and changeable.
Based on the preliminary evidence mentioned for breast
cancer, new questions arise: what if the observed mutational
load does not only concern cancer cells but also stromal and
immune cells? What if in parallel to cancer cells, the same
or different mutational processes operate in hematopoietic
cell progenitors? And, in a more generalized context,
what is the mutational status of immune cells in chronic
inflammation and autoimmune disease? If these questions
are affirmatively answered, new paradigm shifts are expected
in our view of cancer behavior and in our efforts to classify,
type and treat cancers.
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