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Abstract: Immunotherapy has become a key element in the treatment of several tumors, such as lung 
carcinoma and melanoma. Immunotherapy, unlike classical chemotherapy and targeted drugs, may yield 
long-term survival, even in patients who stop treatment due to toxicity. This fact has generated considerable 
excitement and a real shift in the paradigm of cancer treatment. However, only a small subset of patients 
benefit from immunotherapy. Survival curves show that most patients have progression of the disease in 
the first months after starting immunotherapy, followed by a slower decrease over the first 3 years, until 
curves reach a plateau. This early progression suggests the presence of mechanisms for primary resistance. 
In addition, some patients have tumor relapse after years of response, suggesting that there is also acquired 
resistance in a small subset of patients. Resistance mechanisms are now being elucidated. PD-L1 expression 
in tumor and immune cells correlates with higher chances of response, but melanoma patients with PD-
L1 negative tumors can also respond. Several studies have demonstrated an increased probability of clinical 
benefit when tumors are infiltrated by CD8 T cells, have a high mutation burden or have an interferon 
gamma signature. But none of these factors has been implemented in the clinical practice, since more studies 
confirming their value are needed, as well as the development of standardized techniques.
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Introduction

Immune check points antibodies, as anti PD-1/PD-L1 
antibodies or anti CTLA-4 antibody, may yield long-
term survival in cancer patients, but activity is seen only in 
20–40% of patients. Recent studies indicate a number of 
mechanisms involved in resistance. Basically, the tumor will 
not respond if there are no antigens or, in the presence of 
antigens, the antigen-presentation machinery is altered.

Some common genetic alterations in melanoma produce 
immune evasion. The MAPK pathway activation is involved 
in the production of vascular-endothelial growth factor 
and interleukin-8, which impair T-cell recruitment and  
function (1). PTEN loss correlates with decreased 
expression of interferon-gamma and T-cell infiltration, 
and enhances PI3K signalling, which results in resistance 
to anti-PD1 therapy (2). Increased expression of beta-
catenin in related genes, such as WNT, also leads to T-cell 
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exclusion from the tumor microenvironment (3). 
A second reason for immunotherapy resistance is the 

constitutively expression of PD-L1 in tumor cells. When 
PD-L1 binds to PD-1 on T cells, there is an inhibitory 
signal that inhibits T-cell response. Constitutively, 
expression of PD-L1 can be seen as a result of chromosome 
9 amplification in a locus that includes PD-L1, PD-L2 
and the interferon gamma receptor signalling molecular  
JAK2 (4), PTEN deletion, PI3K or AKT or EGFR 
mutations (5), or MYC overexpression (6). 

Alterations in the interferon gamma pathway relate 
to immunotherapy resistance. Interferon gamma coming 
from an activated T-cell increases the expression of 
MHC molecules (involved in antigen presentation) and 
recruits other immune cells. However, some tumor cells 
downregulate or mutate molecules involved in this pathway, 
such as receptor associated Janus kinase 1 (JAK1) and 
receptor associated Janus kinase 2 (JAK2), leading to loss of 
the anti-tumor effect of interferon-gamma (7) in patients that 
progressed after a previous response to pembrolizumab (8). 
Also, other genes involved in mesenchymal transformation 
and wound healing, appear to confer resistance to anti-
PD1 therapy, although the precise mechanism remains  
unknown (9).  Other molecules involved in T-cell 
inactivation are also being studied: indoleamine-dioxygenase 
(IDO), carcinoembryonic antigen cell adhesion molecule 1, 
TIM-3, LAG-3, VISTA, TIGIT and transforming growth 
factor beta.

Defining predictive factors of response or resistance will 
help to select the best treatment for all patients. In this 
review, we try to summarize the state of the art about the 
development of predictive factors, as well as the most recent 
data on the predictive factor search.

Clinical factors and peripheral blood parameters

Even when clinical factors and peripheral blood markers 
are far from accurate, clinicians can use them in the daily 
practice. On the contrary, analysis of molecular factors 
requires sophisticated laboratory equipment that is not 
easily attainable. An elevated LDH level is an indicator of 
tumor burden that is usually associated with lower response 
rates to immunotherapy in clinical trials. For instance, 
in the second line setting, the overall response rate for 
pembrolizumab is lower for patients with high LDH levels 
(26%) than for the general population (34%) (10), as well 
as in the first line setting, pembrolizumab yields a response 

rate of 40% when LDH is in the normal range, 34% when 
LDH is up to 2 times the upper normal limit, and 8% when 
LDH is elevated over 2 times the upper normal limit (11).

Pretreatment leucocyte count also correlates with 
response to immunotherapy. For instance, benefit from 
ipilimumab has been seen in patients with low neutrophil 
count, low neutrophil to lymphocyte ratio, low frequency 
of myeloid-derived suppressor cells and high eosinophil 
count (12,13). A retrospective analysis combined different 
analytical and clinical parameters to predict response to 
pembrolizumab: low eosinophils and neutrophils counts, 
high LDH level and visceral metastases beyond the lung 
were identified as adverse factors (14).

These clinical and peripheral blood markers per se do 
not directly justify the lack of response, but probably reflect 
a long time of tumor evolution or a high aggressiveness 
that also let to the acquisition of molecular mechanisms of 
resistance. 

BRAF status

BRAF melanomas are regarded as more aggressive than 
wild-type counterparts, but the value of this parameter 
as a predictive marker for immunotherapy remains 
controversial. A retrospective analysis of pembrolizumab 
showed a response rate of 26% in wild-type versus 12% 
in mutated melanomas in second line (15). Differences 
narrowed at the first line setting with response rates of 
38% for BRAF non-mutant versus 32% in BRAF mutant 
melanomas. A phase III study of nivolumab showed the 
opposite result, 2-year survival rate was superior in patients 
with BRAF-mutant disease (57% vs. 62%) (16). These 
results suggest that BRAF status does not play a key role in 
resistance to immunotherapy.

PD-L1 expression

PD-L1 is the ligand of the check point inhibitor PD-1 
on immune cells. When PD-1 binds to its ligand PD-L1, 
an inhibitory signal is sent to the nucleus inhibiting the 
immune response. PD-L1 can be expressed on tumor cells 
and it can be induced constitutively by intrinsic alteration 
that drives tumor development, as well as by mechanisms 
of adaptative resistance mediated by interferon gamma 
(17). High number of studies has a try to investigate the 
clinical value of measuring PD-L1 expression on tumor 
biopsies, using immunohistochemestry. Although measuring  
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PD-L1 expression makes sense as a predictive marker for 
anti-PD1 antibodies, its predictive value is not clear, mainly 
in melanoma. Some anti PD-1 drugs have been approved 
only for PD-1 positive tumors, as pembrolizumab for non-
small cell lung cancer (NSCLC) in first line setting (18), 
but in melanoma some patients with negative expression 
can obtain responses and become long-term survivors (19). 
For this reason, low PD-L1 expression does not preclude 
treatment with anti-PD1 antibodies in melanoma.

The detection of PD-L1 has not been standardised 
yet, with every company in the field developing its own 
immunohistochemistry antibody and method (19,20). 
As an additional difficulty, the expression of PD-L1 may 
vary within the tumor and can be induced by previous  
therapies (21). That being said, patients with low tumor 
expression of PD-L1 do not respond as well as those with high 
expression, not only in melanoma, but also across different 
tumor types (22). In an analysis of melanoma patients treated 
with pembrolizumab, response rate varied between 57% 
when melanoma had a high PD-L1 expression, and 8% when 
there was not PD-L1 expression (23). Other studies using 
nivolumab, demonstrated no difference between patients 
PD-L1 positive or negative with a response rate of 57% and 

41%, respectively (24). In general, response rate with single 
anti PD-1 therapy is around 15% when melanoma cells are 
PD-L1 negative, and 48% when they are PD-L1 positive  
(Figure 1) (22).

Data from a phase III study suggested that the 
combination of nivolumab and ipilimumab may be 
preferable if PD-L1 expression was low, since patients with 
negative PD-L1 expression (defined as <5% staining) were 
those who most benefitted from the combination. But these 
data were not confirmed with the updated results of the study 
demonstrating a higher response rate for the combination, 
regardless of the PD-L1 level (24). An exploratory analysis 
showed that, in terms of overall survival (OS), those patients 
with negative PD-L1 (almost two thirds of the population 
included in the trial), had better OS than those who were 
PD-L1 positive (HR 0.84 versus 1.05) (27).

These results indicate that PD-L1 expression matters, 
but cannot be reliably determined, at least with current 
methods. On the other hand, lack of benefit in some 
patients with a positive marker suggests that other factors 
are involved in resistance to anti-PD1 antibodies.

Recently, an interesting report demonstrated that the 
increase of CD8+ T cells PD1 positive in peripheral blood 
after 4 weeks of starting the anti PD-1 antibody therapy 
correlates with clinical benefit in lung cancer patients (28). 
In melanoma, there are data indicating an increase of CD8 
memory T cells into the tumor, and a possible increase in 
peripheral blood of a subset of dendritic cells, or HLA-DR 
NK cells, in patients with a response to therapy after anti 
PD-1 treatment (29).

Mutational load and neoantigens

Mutations have the capacity to generate neoantigens that 
elicit an immune response. For this reason, mutational 
load could act as a surrogate marker for immunogenicity 
and likelihood of response to immune agents. Benefit from 
anti-CTLA4 antibodies has been reported in patients with 
melanoma and high mutational load. In two studies based 
on whole-exome sequencing, a mutational load of more 
than 100 somatic mutations correlated with increased 
responses and OS (25,30) (Figure 1). On the other hand, 
a favourable correlation was also seen for pembrolizumab 
in patients with either NSCLC (31) or mismatch repair-
deficient colorectal cancer (32).

Mutational load is determined by whole genome 
sequencing, a technique with limited implementation due 
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Figure 1 Predictive factors of response to check point inhibitors in 
melanoma. PD-L1: analysis of PD-L1 expression on tumor cells by 
immunohistochemestry and correlation with response to anti PD-1 
antibodies (22); Mut burden: mutational burden in tumor biopsies 
and correlation with response to anti CTLA-4 antibodies (25); 
CD-8/PD-L1+: higher than 20% of lymphocyte tumor infiltration 
by CD8+ T cells with high expression of PD-1 and CTLA-4 (PD-
1hi CTLA-4hi CTL) and correlation with response to anti PD-1 
antibodies (23); IFNγ: RNA levels of interferon-gamma low versus 
high and correlation with response to anti PD-1 antibodies (26).
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to cost and informatics requirements. A retrospective study 
showed that small sets of genes could be used in substitution 
of whole genome sequencing to predict response to 
ipilimumab (33).

Tumor burden can be combined with other factors to 
improve predictive accuracy. For instance, in a study derived 
from the Cancer Genome Atlas, a combination of high 
mutational burden and low neoantigen tumor heterogeneity 
was associated with longer survival in patients with lung 
cancer, irrespective of treatment (34).

T-cells recognizing neoantigens account for a very small 
proportion of peripheral T-cells at baseline, although their 
percentage increases during therapy (31). Assessment of 
peripheral T-cell receptor repertoire has a potential role as a 
predictive marker. It has the advantage that peripheral blood 
is easily available. Most mutations appear to be patient-
specific, so mutational markers—either measured in the 
tumor or in peripheral blood—would require a personalised 
approach that is far beyond most clinical centers. 

Tumor-infiltrating lymphocytes

Lymphocyte infiltration in the tumor results from an 
immune response, which is thought to improve disease 
control and might serve as a prognostic biomarker. This 
factor correlates with survival in melanoma and other tumor 
types: “inflamed” tumors usually do better than “cold” 
tumors. Lymphocyte density in tumor biopsies taken after 
the second dose of ipilimumab has been associated with 
significant activity of this drug (35). Also in melanoma, 
patients with higher CD8+ density at the invasive margin 
and within tumor parenchyma showed higher responses to 
pembrolizumab (36). However, lymphocyte infiltration also 
appears when the disease eventually progresses, and there is 
not a clear cut-off to be used as a clinical marker. A recent 
study, analysing melanoma biopsies from patients treated 
with anti PD-1 antibodies, demonstrates a response rate of 
79% when pre-treatment tumor biopsies have more than 
20% of tumor infiltrating PD-1 high and CTLA-4 high 
CD8 T cells (PD-1hi CTLA-4hi CTL), versus no responders 
in patients with fewer than 20% infiltrating PD-1hi CTLA-
4hi CTL (37) (Figure 1).

A retrospective analysis of specimens from patients 
receiving pembrolizumab showed that high CD8 and 
PD-L1 simultaneous expression was associated with  
response (36). In this study, infiltrating lymphocytes 
had a narrow T-cell receptor repertoire when there was 

a response. Pre-treatment and post-treatment biopsies 
showed a 10-fold increase in these clones after therapy (36). 

After anti PD-1 treatment, the increase of memory 
CD8 T cells infiltrating the tumors correlates with clinical  
benefit (29).

Infiltration by other immune cells

Unlike CD8+ T-cells, other immune cells present in 
the tumour microenvironment may impair the immune 
response: Tregs, myeloid-derived suppressor cells and M2 
macrophages. Myeloid-derived suppressor cells promote 
angiogenesis and cell invasion and their presence in 
peripheral blood was associated with decreased efficacy of 
ipilimumab in a small series of patients (38).

Infiltration by tumor-associated macrophages correlates 
with poor survival in human cancer and some investigators 
have suggested that these cells could mediate therapeutic 
resistance (39).

Although immune cells other than effectors lymphocyte 
could account for resistance to immunotherapy, their 
identification is challenging and their clinical value has not 
been validated.

Gene signatures

Gene signatures allow assessing the expression of hundreds 
to thousands of genes at a given time. In the case of 
breast cancer, for instance, they have been introduced as 
prognostic markers with clinical utility (40). In the field 
of melanoma, a set of 22 immune-related genes identified 
patients who had a benefit from ipilimumab (41). With 
regard to anti-PD1 therapy, another retrospective study 
performed in patients who had received pembrolizumab 
described an interferon-gamma score with predictive  
value (42). The score was identified through a 28-gene 
signature that included interferon-gamma, granzymes A and 
B, perforin 1, LAG 3 and indoleamine dioxygenase, among 
others.

Assessment in serial biopsies throughout the course of 
treatment is an interesting strategy, because it can better 
reflect the evolving response of the immune system. Several 
studies show that some markers offer better predictive 
information when the biopsy is performed after treatment 
initiation (9,36,43). Assessment of gene expression in blood 
samples would facilitate serial sampling, but technical 
difficulties remain in this field.



Annals of Translational Medicine, Vol 5, No 19 October 2017 Page 5 of 7

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2017;5(19):389atm.amegroups.com

Although gene signatures can become easily available 
for clinical practice, they need validation in the context of 
immunotherapy. mRNA concentration of PD-L1 and other 
key regulator molecules are subjected to post-transcriptional 
regulation, so gene signatures might not properly detect them. 
This problem could be overcome through the combined use of 
gene expression and immunohistochemistry. This approach was 
used in samples from patients with lung cancer receiving the anti  
PD-L1 antibody, durvalumab, and demonstrated that the 
response rate was higher, and OS longer, in patients with 
interferon-gamma positive and PD-L1 positive tumors, whereas 
response rate was very low if both markers were negative (44). A 
recent study analysing both melanoma and lung cancer biopsies, 
demonstrated that patients with high expression of interferon-
gamma have a higher chances of response and survival with anti 
PD-1 antibodies (26). For melanoma patients included in this 
study response rate was 71% when there was a high expression 
of interferon-gamma and 20% when levels of interferon-gamma 
were low (26) (Figure 1).

Conclusions

In summary, predictive factors for immunotherapy are 
being actively investigated. Table 1 summarizes the main 
conclusions. Most of the currently available information 
comes from small retrospective studies. The most consistent 
results come from the mutational load and assessment of 
tumor lymphocyte infiltration, although they have not 
been taken to clinical practice yet. Clinical and peripheral 
blood markers are more inaccurate, but easily accessible. 
New molecular markers under study will provide better 
insight into the mechanisms of resistance that play a role 

in individual patients and will hopefully be useful to guide 
clinical decisions.
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