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INTRODUCTION
For several decades, cancer was seen as a mass of tu-
mour cells, whereas nowadays solid tumours are 
known to be heterogeneous entities in which tumour 
and host cells interact with each other. This ecosystem, 
known as the tumour microenvironment (TME), is com-
posed of tumour cells, normal epithelial cells, fibro-
blasts, blood and lymphatic vessels, structural compo-
nents and infiltrating immune cells. Furthermore, 
immune evasion has been recognised as a hallmark of 
cancer, which means that it is a key feature of cancer 
cells to be able to escape from immune-mediated de-
struction. These insights are the impetus for the identi-
fication of new immunotherapeutic targets and the de-
velopment of new agents that aim to strengthen the 
anti-tumour immune response. Cancer immunothera-
py encompasses several subtypes of immune treat-
ments, such as therapeutic cancer vaccines, adoptive 
T-cell transfer, cytokines, monoclonal antibodies and 
immunomodulatory agents, of which checkpoint in-
hibitor therapies have been the most broadly successful 
to date. As the immune infiltrate plays a crucial role in 
the development and progression of cancer, the evalua-
tion of infiltrating immune cells is of great interest to 
clinicians, pathologists and researchers. 

THE HOST IMMUNE RESPONSE: 
IMMUNE-EDITING AND THE CANCER 
IMMUNITY CYCLE
Under normal conditions, any foreign substance or 
protein can be recognised and destroyed by the im-
mune system. Likewise, the immune system can iden-
tify tumour cells and eradicate them before they cause 
harm.1 This process is known as immune surveillance, 
where the innate and adaptive immune system work 
closely together and interact with the tumour cells via 
direct contact, chemokine or cytokine signalling. In-
nate immune cells, such as the natural killer cells, can 
exert direct cytotoxic effects against tumour cells that 
lack certain major histocompatibility complex (MHC) 
1-surface molecules, resulting in the recruitment and 
activation of other immune cells.2 Antigen-presenting 
cells, such as dendritic cells work closely together with 
the cytotoxic T-cells (CD8+ cells) from the adaptive 
immune system and both play a crucial role in the 
 cancer-immunity cycle. This is a stepwise and cyclic pro-
cess that must be fulfilled for an immune response to 
lead to effective killing of tumour cells (Figure 1).3 How-
ever, successful completion of this process is only guar-
anteed when this process is initiated and allowed to 
proceed and expand iteratively. The generation of this 
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anti-cancer immune response can be divided into sev-
en major steps; (Figure 1) release of cancer antigens, 2) 
cancer antigen presentation, 3) priming and activation 
of T-cells, 4) traffick ing of T-cells to the tumour site, 5) 
infiltration of T-cells into the tumour, 6) recognition of 
cancer cells by T-cells and 7) effective killing of cancer 
cells which ultimately leads to the release of additional 
tumour-associated antigens (step 1 again), amplifying 
the T-cell response in subsequent revolutions of the cy-
cle. As any physiological process, this cycle is also con-
trolled by inhibitory factors that lead to immune regu-
latory feedback mechanisms, preventing immune 
overactivation or autoimmunity.
Tumours can develop despite a functioning immune 
system, and therefore, the concept of tumour immu-
noediting was updated to provide a more complete ex-
planation for the role of the immune system in tumour 
development, covering three processes: elimination, 
equilibrium and escape.4-6 The elimination phase is ex-
actly the same process as described above by tumour 
immune surveillance and the cancer-immunity cycle. A 
temporary state of equilibrium develops, when not all 
tumour cells are being eliminated. In this phase, tu-
mour cells either remain dormant or continue to evolve, 
accumulating further changes that render them less 
sensitive to an immune attack. As this process contin-

ues, a newly selected population of tumour clones aris-
es with reduced immunogenicity, eventually leading to 
the failure of the immune response to control tumour 
progression and entering the final stage of escape. This 
phase refers to the final outgrowth of tumour cell vari-
ants that have evaded detection by the immune re-
sponse resulting in tumour progression and clinical 
expression. An important mechanism of immune es-
cape is the capability of cancer cells to switch on inhib-
itory factors, such as the immune checkpoint proteins 
cytotoxic T lymphocyte antigen-4 (CTLA-4) and pro-
grammed cell death-1 (PD-1). Recently, a lot of clinical 
successes have been achieved by the inhibition of these 
immune checkpoint proteins to release the brakes of 
the immune system.7 Ipilimumab, targeting CTLA-4, 
was the first immune checkpoint inhibitor approved for 
the treatment of metastatic melanoma. Similarly, treat-
ment with monoclonal antibodies directed against 
PD-1 or programmed cell death ligand 1 (PD-L1) have 
resulted in unprecedented outcomes in a wide variety 
of malignancies. Although both therapies inhibit the 
same PD-L1/PD-1 pathway, they are not identical; 
PD-1 inhibitors also block the PD-L2/PD-1 interaction 
whereas the PD-L1/B7.1 blinding is blocked by PD-L1 
inhibitors. The characteristics and functions of both 
the receptors as wells as the ligands is shown in table 1. 

TABLE 1: PD-L1/PD-1 pathway molecules and the impact on T-cell responses.8-10

PD-1 PD-L1 PD-L2 B7.1

Binds to PD-L1 and PD-L2 Multiple receptors, 
including PD-1 and 
B7.1

PD-1 CTLA-4, CD28 and  
PD-L1

Expression Expressed on activated 
immune cells  
(T, B and NK cells), 
monocytes and dendritic 
cells

Widely expressed on 
DCs, macrophages 
and activated T and B 
cells
Overexpressed in 
many tumor types

Expressed on 
activated myeloid DCs, 
macrophages and mast 
cells
Overexpressed on a 
minority of tumors

Expressed on 
activated B and T 
cells, dendritic cells 
and monocytes

Inducibility Inducible on activated  
T cells and APCs

Inducible on most 
normal tissue 
in response to 
inflammatory signals

Inducible on several cell 
types including APCs, 
mainly in response to  
Th2-associated cytokines

Inducible on 
T and B cells, 
dendritic cells and 
monocytes

Function on 
ligand/receptor 
interaction 

Co-inhibitory molecule 
for induction of T cell 
response to antigen

Regulates T cell 
responses to antigen 
and prevents 
autoimmunity

Regulates Th2-mediated 
inflammation and 
prevents autoimmune 
inflammation

Co-stimulatory 
molecule for 
induction of T 
cell response to 
antigen

Importance 
in the cancer 
 immunity cycle

Role in immunosup-
pression by tumor cells

Modulates T cell 
activation in response 
to tumor antigen

May contribute to the 
immunosuppressive 
tumor microenvironment

Co-regulates T cell 
response to tumor 
antigen
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PD-L1/PD-1 immunotherapies have recently been ap-
proved by the European Medicines Agency for its use 
in non-small cell lung cancer (NSCLC), renal cell carci-
noma, classic Hodgkin lymphoma, head and neck 
squamous cell carcinoma and urothelial carcinoma 
(European Medicines Agency website) and it is expect-
ed that more approvals will follow in the near future. 
As research in the field of immune-oncology continues, 
the complexity of positive and negative regulators of 
the cancer-immunity cycle will become more clear. 
However, (re)initiating a self-sustaining cycle of cancer 
immunity, enabling it to amplify and propagate is the 
ultimate goal of any cancer immunotherapy. 

EVALUATION OF THE TUMOUR 
MICROENVIRONMENT
PROGRAMMED CELL DEATH LIGAND 1 (PD-L1) 
EXPRESSION

So far, two different ways of PD-L1 expression have 
been described: innate and adaptive immune resis-
tance.8 PD-L1 expression induced by constitutive on-
cogenic signalling pathways within the tumour cells 
results in innate immune resistance, whereas expression 
induced by local inflammatory signals, especially inter-
feron, is known as adaptive immune resistance. Interferon 
production during a T-cell attack is a physiological pro-
cess in order to amplify the immune response and 
leads to the attraction of other immune cells such as 
macrophages.9 Upon interferon-γ stimulation, the im-
mune inhibitory protein PD-L1 might be expressed on 
T-cells, natural killer cells, monocytes/macrophages, 
dendritic cells, B-cells and/or others, resulting in adap-
tive immune resistance.10 Tumours also use this mech-
anism in order to avoid T-cell attack. PD-L1 expression 
is often restricted to T-cell rich areas of the tumour, 
reflecting adaptive immune resistance, challenging 
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FIGURE 1. Schematic representation of the 7-step anti-cancer immune response. 
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quantification due to heterogeneity.11 Additionally, PD-
L1 expression is highly dynamic, and subject to change 
over time. Research is ongoing to monitor this fluctuat-
ing PD-L1 expression using high-resolution posi-
tron-emission tomography imaging with therapeutic 
antibody-based PD-L1/PD-1 checkpoint tracers.12 

Using immunohistochemistry (IHC), PD-L1 expres-
sion can be quantified on either tumour or tumour-in-
filtrating immune cells. Different PD-L1 IHC assays 
have been developed by Dako (Agilent Technologies) 
and Ventana Medical Systems for use in clinical rou-
tine. Currently, there are four PD-L1 IHC assays ap-
proved as companion or complementary diagnostics 
for the detection of PD-L1 expression in multiple tu-
mour types. However, each of these assays has a differ-
ent scoring approach and algorithm. This creates a 
challenging and potentially confusing environment for 
pathologists. Immune cell scoring in particular is a 
new parameter for pathologists to assess as a compan-
ion/complementary diagnostic. For NSCLC for in-
stance, besides tumour cells staining, also immune cell 
staining should be taken into account for atezolizumab 
therapy (complementary diagnostics), whereas for 
urothelial carcinoma immune cell staining dominates 
the read-out for atezolizumab, durvalumab and pem-
brolizumab. Furthermore, self-developed PD-L1 test 
(“laboratory developed test”) can be used instead of 
the Food and Drug Administration (FDA)-approved 
tests. The quality of such laboratory developed tests is 
often inferior as only a pass rate of 20% was observed 
in the NordiQC C1 PD-L1 assessment run. However, 
in May 2017, a new, more stringent, In Vitro Diagnostic 
Device Regulation (EU 2017/746) was published and 
there will be a 5-year transition period. This will have 
a positive impact on the quality of testing performed in 
European labs.

IMMUNE PHENOTYPES 
The positive prognostic effect of tumour infiltrating 
lymphocytes (TILs) in melanoma, breast and colorectal 
cancer has been acknowledged for several years.13-14 
More recently, the effect of the immune infiltrate on the 
prognosis of cancer patients with other solid tumours 
has been assessed. An overview of all these studies is 
beyond the scope of this paper, but has been reviewed 
in detail by Fridman et al.15 
Selectively targeting the rate-limiting step of the can-
cer-immunity cycle in any given patient will be the key 
to success. The first phase in identifying this rate-limit-

ing step can be accomplished by histological examina-
tion of a patient’s tumour using immune patterns, re-
sulting in three immune profiles.16 Each phenotype is 
associated with specific underlying biological mecha-
nisms that may prevent the host’s immune response 
from eradicating the cancer, which is uniform across 
tumour types. Tumours that have “defects” in the first 
steps four of the cancer-immunity cycle can be charac-
terized as immune desert (non-inflamed). No T-cells are 
present in the tumour, which can be the result of im-
munological ignorance, the induction of tolerance or 
the lack of appropriate T-cell priming or activation. Tu-
mours that attack and/or trap the infiltration of T-cells 
in the TME can be seen as immune-excluded tumours 
(non-inflamed), which may reflect a specific chemok-
ine state, the presence of particular vascular factors or 
barriers, or specific stromal-based inhibition. When 
T-cells and other inhibitory immune cells, including 
immune-inhibitory regulatory T-cells, myeloid derived 
suppressor cells, suppressor B-cells and cancer-associ-
ated fibroblasts can infiltrate in the TME, this can be 
seen as inflamed tumours. In this phenotype, the can-
cer-immunity cycle is halted/arrested at the last steps 
(step 6&7). Besides PD-L1 expression on tumour and 
tumour-infiltrating immune cells, suppressive immune 
cells can also inhibit the host protective anti-tumour 
immunity. 
Consequently, solid tumours can now be grouped as 
inflamed or non-inflamed (immune desert and im-
mune excluded). In general, inflamed tumours provide 
a more favourable environment for T-cell activation and 
expansion, whereas the microenvironment of non-in-
flamed tumours is associated with immune suppres-
sion or tolerance.16 
Recently, another method for the assessment of TILs in 
solid tumours on hematoxylin and eosin section which 
is based on the International Immuno-Oncology Bio-
markers Working Group guidelines for invasive breast 
carcinoma was published.17-18 

BEYOND PD-L1, OTHER FACTORS TO TAKE INTO 
ACCOUNT
PD-L1 is only one factor in the anti-tumour immune 
response and the predictive value is not always perfect. 
Therefore, research is ongoing to evaluate other mea-
surable factors that could have (added) predictive val-
ue, such as neoantigens, gene signatures and other im-
mune checkpoint molecules. 
Neoantigens are an important concept in cancer immu-
nity. The more neoantigens present, the more robust 
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the anti-cancer immune response might be by a firm 
initiation of the cancer-immunity cycle. Therefore, 
measuring the number of mutations per coding area of 
a tumour genome (tumour mutational burden), might 
be a new clinical marker that predict response to im-
mune checkpoint therapy. A positive correlation be-
tween tumour mutational burden and the response to 
immune checkpoint therapy has been observed in clin-
ical trials.19-20 Furthermore, this efficacy was also cor-
related with molecular smoking signature, DNA repair 
pathway mutations and the microsatellite instable sub-
set of colorectal cancer, probably due to the high num-
ber of tumour neoantigens.19,21 In May 2017, pembroli-
zumab has received accelerated FDA approval based on 
a tumour’s biomarker (microsatellite instability-high or 
mismatch repair deficient) instead of the tumour’s orig-
inal location. This is the FDA’s first tissue/site agnostic 
approval. Additionally, a positive correlation between a 
blood-based tumour mutational burden assay and re-
sponse to PD-L1 blockade by atezolizumab therapy 
was presented at ESMO 2017.22

Attention is also being paid to gene signatures involved 
in a pre-existing and stable immune response. Several 
studies investigating predictive gene signatures are on-
going or have already been completed. For instance, an 
eight-gene T-effector gene signature was associated 
with an improved response and overall survival for 
atezolizumab in urothelial cancer as well as NSCLC, 
whereas objective response rate and progression free 
survival were associated with an IFN-inflammatory 
immune gene expression signature for pembrolizumab 
in melanoma.20,23-24 

In addition to CTLA-4, PD-1 and PD-L1, numerous 
other inhibitory or stimulatory immune checkpoints 
have recently been identified (Figure 2). Co-stimulation 
will result in proliferation, cytokine production, differ-

entiation, cytotoxic function, memory formation and/
or survival, whereas cell cycle inhibition, inhibition of 
effector function, tolerance and/or apoptosis is the re-
sult of co-inhibition.25 Furthermore, prolonged and/or 
high expression of multiple inhibitory immune check-
points may result in exhausted T-cells; T-cells with a 
poor effector function.26 

THE FUTURE OF PERSONALIZED CANCER 
IMMUNOTHERAPY
In 2016, Kim et al. published a possible hypothetical 
algorithm for personalised cancer immunotherapy.27 
Within this hypothetical algorithm, tumours will be 
evaluated by immune infiltrate and biomarkers associ-
ated with the cancer-immunity cycle. Patients will be 
selected based on the underlying cause of an ineffective 
anti-cancer immune response and appointed to a spe-
cific therapeutic strategy. 

CONCLUSIONS
Biomarker-driven patient selection may lead to person-
alized cancer immunotherapy. However, one perfect 

KEY MESSAGES FOR CLINICAL PRACTICE

• Host and tumour cells interact and influence each other. 

• Although anti-PD-L1/PD-1 therapies inhibit the same PD-L1/PD-1 pathway, they are not identical. 

•  Problems within the 7 step process described by the cancer immunity cycle can be grouped into the 

immune phenotypes.

•  All human cancers can be grouped into three immune profiles, depending on their immune status – 

immune phenotypes: immune desert, immune excluded or immune inflamed.
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predictive biomarker will probably never exist due to 
the numerous tumour-host microenvironment interac-
tions. Therefore, evaluation of the TME is crucial, but it 
is a new and challenging task for the pathologists. 
However, the first step can already be implemented in 
clinical practice by evaluation of the patient’s immune 
status using the immune phenotypes. 

REFERENCES
1. Dunn GP, et al. Cancer immunoediting: from immunosurveillance to tumor 

escape. Nat Immunol 2002;3(11):991-8.

2. Markman JL, Shiao SL. Impact of the immune system and immunotherapy 

in colorectal cancer. J Gastrointest Oncol 2015;6(2):208-23.

3. Chen DS, Mellman I. Oncology meets immunology: the cancer-immunity 

cycle. Immunity 2013;39(1):1-10.

4. Dunn GP, et al. The three Es of cancer immunoediting. Annu Rev Immunol 

2004;22:329-60.

5. Pernot S, et al. Colorectal cancer and immunity: what we know and per-

spectives. World J Gastroenterol. 2014;20(14):3738-50.

6. Swann JB, Smyth MJ. Immune surveillance of tumors. The Journal of clinical 

investigation 2007;117(5):1137-46.

7. Azoury SC, et al. Immune Checkpoint Inhibitors for Cancer Therapy: Clinical 

Efficacy and Safety. Curr Cancer Drug Targets. 2015;15(6):452-62.

8. Pardoll DM. The blockade of immune checkpoints in cancer immunothera-

py. Nat Rev Cancer 2012;12(4):252-64.

9. Ribas A. Adaptive Immune Resistance: How Cancer Protects from Immune 

Attack. Cancer Discov 2015;5(9):915-9.

10. Flies DB, Chen L. The new B7s: playing a pivotal role in tumor immunity. J 

Immunother 2007;30(3):251-60.

11. Tumeh PC, et al. PD-1 blockade induces responses by inhibiting adaptive 

immune resistance. Nature 2014;515(7528):568-71.

12. Hettich M, et al. High-Resolution PET Imaging with Therapeutic Antibo-

dy-based PD-1/PD-L1 Checkpoint Tracers. Theranostics. 2016;6(10):1629-40.

13. Galon J, et al. The immune score as a new possible approach for the clas-

sification of cancer. J Transl Med 2012;10:1.

14. Galon J, et al. Immunoscore and Immunoprofiling in cancer: an update from 

the melanoma and immunotherapy bridge 2015. J Transl Med. 2016;14:273.

15. Fridman WH, et al. The immune contexture in cancer prognosis and treat-

ment. Nat Rev Clin Oncol 2017.

16. Chen DS, Mellman I. Elements of cancer immunity and the cancer-immune 

set point. Nature 2017;541(7637):321-30.

17. Hendry S, et al. Assessing Tumor-infiltrating Lymphocytes in Solid Tumors: A 

Practical Review for Pathologists and Proposal for a Standardized Method From 

the International Immunooncology Biomarkers Working Group: Part 1: Asses-

sing the Host Immune Response, TILs in Invasive Breast Carcinoma and Ductal 

Carcinoma In Situ, Metastatic Tumor Deposits and Areas for Further Research. 

Adv Anat Pathol 2017;24(5):235-51.

18. Hendry S, et al. Assessing Tumor-Infiltrating Lymphocytes in Solid Tumors: A 

Practical Review for Pathologists and Proposal for a Standardized Method from 

the International Immuno-Oncology Biomarkers Working Group: Part 2: TILs in 

Melanoma, Gastrointestinal Tract Carcinomas, Non-Small Cell Lung Carcinoma 

and Mesothelioma, Endometrial and Ovarian Carcinomas, Squamous Cell Car-

cinoma of the Head and Neck, Genitourinary Carcinomas, and Primary Brain 

Tumors. Adv Anat Pathol 2017;24(6):311-35.

19. Rizvi NA, et al. Cancer immunology. Mutational landscape determines sen-

sitivity to PD-1 blockade in non-small cell lung cancer. Science 

2015;348(6230):124-8.

20. Rosenberg JE, et al. Atezolizumab in patients with locally advanced and 

metastatic urothelial carcinoma who have progressed following treatment with 

platinum-based chemotherapy: a single-arm, multicentre, phase 2 trial. Lancet 

2016;387(10031):1909-20.

21. Xiao Y, Freeman GJ. The microsatellite instable subset of colorectal cancer 

is a particularly good candidate for checkpoint blockade immunotherapy. Can-

cer Discov 2015;5(1):16-8.

22. Gandara DR, et al. Blood-based biomarkers for cancer immunotherapy: tu-

mor mutational burden in blood (bTMB) is associated with improved atezolizumb 

(atezo) efficacy. Ann Oncol 2017;28(suppl_5):v460-v96.

23. Fehrenbacher L, et al. Atezolizumab versus docetaxel for patients with pre-

viously treated non-small-cell lung cancer (POPLAR): a multicentre, open-label, 

phase 2 randomised controlled trial. Lancet 2016;387(10030):1837-46.

24. Ribas A, et al. Association of response to programmed death receptor 1 

(PD-1) blockade with pembrolizumab (MK-3475) with an interferon-inflamma-

tory immune gene signature. J Clin Oncol 2015;33(15_suppl): Abstract 

3001.

25. Chen L, Flies DB. Molecular mechanisms of T cell co-stimulation and co-in-

hibition. Nat Rev Immunol 2013;13(4):227-42.

26. Wherry EJ. T cell exhaustion. Nat Immunol 2011;12(6):492-9.

27. Kim JM, Chen DS. Immune escape to PD-L1/PD-1 blockade: seven steps to 

success (or failure). Ann Oncol 2016;27(8):1492-504.

ABBREVIATIONS

CD cluster of differentiation
CTLA-4 cytotoxic T lymphocyte antigen 4
FDA Food and Drug Administration
IHC immunohistochemistry
MHC1 major histocompatibility complex 1
NSCLC non-small cell lung cancer
PD-1 programmed cell death 1 
PD-L1 programmed cell death ligand 1
PD-L2 programmed cell death ligand 2
T-cell T-lymphocyte
TILs tumour infiltrating lymphocytes
TME tumour microenvironment


