Perspective

What does PD-L1 positive or negative mean?
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Expression of the programmed death-1 (PD-1) ligand 1 (PD-L1) is used to select patients and analyze responses to anti-PD-1/L1
antibodies. The expression of PD-L1 is requlated in different ways, which leads to a different significance of its presence or
absence. PD-L1 positivity may be a result of genetic events leading to constitutive PD-L1 expression on cancer cells or inducible
PD-L1 expression on cancer cells and noncancer cells in response to a T cell infiltrate. A tumor may be PD-L1 negative because
it has no T cell infiltrate, which may be reversed with an immune response. Finally, a tumor that is unable to express PD-L1
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because of a genetic event will always be negative for PD-L1 on cancer cells.

Introduction

Immunotherapy with anti-programmed death-1 (PD-1) or
anti-PD-1 ligand 1 (PD-L1) antibodies has been approved for
the treatment of several cancers because of impressive durable
responses; however, overall, only a small percentage of patients
currently benefit from PD-1 blockade therapy alone (Topa-
lian et al., 2012; Herbst et al., 2014; Powles et al., 2014; Ansell
et al., 2015; Garon et al., 2015; Postow et al., 2015; Robert et
al., 2015a,b; Weber et al., 2015; Nghiem et al., 2016; Ribas et
al.,2016).The combination of anti-PD-1/L1 antibodies with
other immune modulating agents seems to be more active,
but it adds significant toxicities (Wolchok et al., 2013; Larkin
et al., 2015; Postow et al., 2015), which may be unwarranted
for patients who would respond to anti-PD-1/L1 alone or for
patients whose tumors would not respond anyway to either
approach. Toxicities of combined immunotherapies may
be lower using different agents or with sequential therapy
(Weber et al., 2016), but it would still be desirable to develop
reliable biomarkers to predict response and select patients to
single agent anti-PD-1/L1 treatments.

Tumor responses with anti—-PD-1/L1 antibodies are not
mediated by the antibody per se, but by tumor antigen—spe-
cific T cells that had been previously blocked by the PD-1—
PD-L1 interaction (Pardoll, 2012; Tumeh et al., 2014). Based
on the presence or absence of T cells and the expression of
PD-L1 by cancer cells, a tumor can be categorized into four
groups: (1) PD-L1 positive, T cell positive; (2) PD-L1 nega-
tive, T cell positive; (3) PD-L1 positive, T cell negative; and (4)
PD-L1 negative, T cell negative (Sznol and Chen, 2013; Teng
et al., 2015; Ock et al., 2016). As a positive PD-L1 expression
can be a reactive process to a T cell response or regulated
by cancer cell-intrinsic genetic or epigenetic events, it is be-
coming clear that the knowledge about PD-L1 expression
needs to be put into the context of the presence or absence
of aT cell infiltrate blocked by the PD-1 receptor engage-
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ment (Taube et al., 2012; Ribas, 2015).This knowledge would
help in further interpreting the meaning of the assay results
and providing insights in terms of the mechanisms of cancer
escape from immune surveillance and potential for response
to PD-1 blockade therapy.

Expression of PD-L1 on cells within a tumor has been
used in multiple clinical trials and approved clinical indica-
tions for this purpose, with the thinking that positive PD-L1
expression in the tumors can select patients more likely to
respond to these therapies (Topalian et al., 2012; Wolchok et
al., 2013; Herbst et al., 2014; Garon et al., 2015; Reck et al.,
2016). The caveat is that some patients who are tested pos-
itive for PD-L1 may not respond to the therapy, and more
importantly some patients who are tested negative may still
respond, making it an imperfect biomarker (Robert et al.,
2015a; Ribas et al., 2016). In addition, questions have been
raised about technical aspects of calling a positive or nega-
tive test for PD-L1. These included the specificity of several
clones of anti-human PD-L1 antibodies for immunohisto-
chemistry (IHC) and the artifacts that may be derived from
different techniques for tissue fixation and antigen retrieval
(Ribas and Tumeh, 2014; Ilie et al., 2016). Most of these tech-
nical issues have been alleviated with the standardization of
the IHC assays. But even with standardized reagents, tissue
processing, and assay performance, it has been challenging to
turn the PD-L1 assay into a dichotomous result as there is no
consensus of what is the relevant level of PD-L1 that sepa-
rates positive from negative. As a result, the percent staining
to call a positive PD-L1 in different reported series to date
ranged from 1% to 50%, making it difficult to compare results
across studies (Ilie et al., 2016; Reck et al., 2016). As the field
advances, we will learn how results with different antibody
clones and scoring algorithms compare with each other, but
we will still be left with questions about the biological mean-
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ing of the results because different mechanisms leading to the
presence or absence of PD-L1 expression are likely to have
different implications for anti—-PD-1/L1 therapy.

Mechanisms regulating PD-L1 expression

A tumor can be positive or negative for surface PD-L1 ex-
pression through several biological processes, thereby having
different clinical significance. These can be categorized as
(a) genetic mechanisms that lead to constitutive PD-L1 ex-
pression, (b) induced PD-L1 expression by the presence of
T cells, (c) absence of T cells leading to no reactive PD-L1
expression, and (d) genetic events that preclude PD-L1 ex-
pression upon T cell infiltration. It is conceivable that the
presence or absence of cancer cell surface PD-L1 may have
different functional meaning depending on the underlying
mechanism of expression.

Constitutive PD-L1 expression. A series of genetic mechanisms
have been reported to lead to the constitutive expression of
PD-L1 on cancer cells, but it has unclear relevance for response
to anti—PD-1 therapy (Table 1). Constitutive oncogenic PD-L1
expression frequently results in high level, homogeneous
PD-L1 staining on all the cancer cells (Fig. 1 a). PD-L1 has
been reported to be constitutively expressed through the dys-
regulation of several oncogenic pathways, including genetic
amplification of chromosome 9, which contains the locus of
PD-L1, PD-L2, and the interferon receptor adapter JAK2
(termed PDJ amplicon; Green et al., 2010; Ansell et al., 2015;
Rooney et al., 2015), PTEN deletions or PI3K/AKT muta-
tions (Parsa et al.,2007; Lastwika et al., 2016), EGFR mutations
(Akbay et al., 2013), MYC overexpression (Casey et al., 2016),
CDKS5 disruption (Dorand et al., 2016), or increase in PD-L1
transcripts stabilized by truncation of the 3’—untranslated re-
gion (UTR;Kataoka et al., 2016), among a rapidly growing list
of genetic mechanisms of constitutive PD-L1 expression.

Table 1.

Constitutive expression of PD-L1 unquestionably
leads to the tumor being scored as positive for PD-L1 by
any detection method, but its significance in terms of the
interaction with the immune system is unclear. Experimen-
tal approaches have reported that constitutive PD-L1 ex-
pression through MYC overexpression, CDK5 disruption,
or increased PD-L1 mRNA expression from truncated
3’-UTR may have a main role in evading immune control
by a developing cancer, thereby being important in immune
surveillance but with unclear importance to response to
PD-1 blockade therapy (Casey et al., 2016; Dorand et al.,
2016; Kataoka et al., 2016). The frequent detection of the
PDJ amplicon in the few malignant Reed-Stenberg cells
in Hodgkin’s disease is correlated with the successful test-
ing of the administration of anti-PD-1 therapy in patients
with chemotherapy-refractory disease (Ansell et al., 2015),
which would be an argument in favor of considering con-
stitutive PD-L1 expression as a mechanism to select patients
likely to respond to PD-1 blockade therapy. The significance
for response to anti—-PD-1/L1 therapy should still be re-
lated to the presence of antitumor T cells that is blocked
by the constitutive PD-L1 expression (Fig. 1 a). Moreover,
tumors with constitutive PD-L1 expression may have areas
of further increased expression colocalized with a T cell in-
filtrate, reflective of an adaptive PD-L1 immune resistance
(Fig. 1 b). Classic Hodgkin’s disease has a large lymphocytic
infiltrate surrounding the few malignant Reed-Stenberg
cells and PD-L1 expression on Reed-Stenberg cells through
two mechanisms, constitutive and reactive to the brisk T cell
infiltrate (Juszczynski et al., 2007).

Inducible PD-L1 expression. Surface expression of PD-L1
can be induced by both type I and II interferons, but it re-
sponds best to the type II interferon-y (Liang et al., 2003;
Loke and Allison, 2003; Blank et al., 2004; Lee et al., 2006).

Potential mechanisms for a tumor biopsy to be labeled as PD-L1 positive or negative

PD-L1 status and significance

Cell type/types being positive or negative for PD-L1

Examples of mechanisms References

Positive

Genetic process Cancer cells

PDJ amplicon Ansell et al., 2015
MYC Casey et al., 2016
PDL1 3’-UTR disruption Kataoka et al., 2016
CDKS5 disruption Dorand et al., 2016

Reactive to a T cell infiltrate

Negative
Genetic process

Absence of a T cell infiltrate

Cancer and immune cells/stromal cells in the tumor
microenvironment

Cancer cells

Cancer and immune cells/stromal cells in the tumor
microenvironment

Mutant EGFR
PTEN deletion
PI3K/AKT mutations

IFN-y induced upon tumor antigen-specific T
cell infiltration

JAK1 or JAK2 truncating mutations

No T cells in the tumor

Akbay et al., 2013
Parsa et al., 2007
Lastwika et al., 2016
Lee et al., 2006; Taube et al., 2012;
Herbst et al., 2014; Tumeh et
al., 2014

Shin, D.S., et al. 2015. Proceedings
of the 106th Annual Meeting
of the American Association for
Cancer Research. Abstr. 5013;
Zaretsky et al., 2016
Herbst et al., 2014; Tumeh et al.,
2014
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Examples of different mechanisms leading to PD-L1 positivity or negativity. (a) Constitutive PD-L1 expression but no T cell infiltrate,

resulting in constitutive PD-L1 expression in all cancer cells. (b) Constitutive PD-L1 expression with additional inducible expression by a T cell infiltrate,
resulting in both constitutive and inducible PD-L1 expression in cancer cells. (c) Adaptive immune resistance, leading to reactive PD-L1 expression induced in
cells that are at the site of a CD8" T cell infiltrate. (d) PD-L1-negative tumor caused by absent T cell infiltration. By IHC, a tumor with JAK1/2 loss of function
mutations and genetically negative for inducible PD-L1 would look similar without a CD8 T cell infiltrate (because of a lack of chemokine production in

response to interferon-y) and no PD-L1 expression in the tumor.

The interferon-inducible expression of PD-L1 is more
common than the constitutive expression in most cancer
histologies and can be detected as a patchy pattern of PD-L1
expression colocalized in T cell-rich areas of tumors, in par-
ticular at the invasive margin (Fig. 1 c; Taube et al., 2012;
Tumeh et al., 2014). The PD-L1 adaptive expression is a
consequence of the presence of tumor antigen—specific
T cells that recognized the cancer cells leading to the pro-
duction of interferon-y. As interferon-y would result in
PD-L1 expression by any surrounding cell that has inter-
feron receptors, it is frequent to observe PD-L1 expression
on noncancer cells in the tumor microenvironment, such as
myeloid-lineage cells (Tumeh et al., 2014) and on T cells
(Herbst et al., 2014; McDermott et al., 2016), frequently at
a level higher than the cancer cells themselves (McDermott
et al.,2016).The physiological induction of PD-L1 by inter-
feron-y leads to evasion of a T cell response (Liang et al.,
2003; Kim et al., 2005), termed adaptive immune resistance
(Pardoll, 2012; Ribas, 2015), and it is in this setting that the
significance of the PD-L1 expression is most logically re-
lated to a response to PD-1 blockade therapy (Tumeh et
al., 2014; Ribas, 2015).

JEM Vol. 213, No. 13

PD-L1-negative tumors without T cell infiltrates. Patients
who do not respond to anti-PD-1 or anti-PD-L1 therapy
most frequently have PD-L1-negative tumors, and analyses
show thatT cell infiltrates are infrequent in these cases (Herbst
et al., 2014; Tumeh et al., 2014). The inducible expression of
PD-L1 by tumor or immune infiltrating cells is a surrogate of
the presence of activated T cells that recognize cancer anti-
gens and produce interferon-y. So it is logical that if these
T cells are not there, cancer cells that do not constitutively
express PD-L1 because of an oncogenic event would then be
negative for its expression (Fig. 1 d). But in this case, the can-
cer cells have the potential to express PD-L1 if infiltrated by
T cells that recognize cancer antigens and produce interfer-
on-y (Ribas, 2015). Therefore, this type of PD-L1-negative
condition may be reversible with appropriate combinatorial
therapies that would bring interferon-y—producing T cells
into the tumor, such as the combination of anti—-PD-1 and
anti-CTLA-4 (Larkin et al., 2015; Postow et al., 2015).

Genetic loss of function leading to PD-L1 negativity. As in

the case of genetic events leading to the expression of PD-L1
on cancer cells irrespective of having a T cell infiltrate that
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induces it, it is possible that some cancer cells would have
genetic events that lead to inability to express PD-L1. Reac-
tive expression of PD-L1 is a favorable event for a cancer cell,
as it can specifically inactivate the T cells that are attacking the
cancer without inducing a systemic immune-suppressive state
(Ribas, 2015). But as interferon-y has a lot of other effects
that may be detrimental to the cancer cell, it is possible that
an immunoediting process may result in loss of signaling from
the interferon-y receptor, leading to inability to express mul-
tiple interferon-responsive genes, including PD-L1. This
mechanism of cancer immunoediting, with loss of signaling
through JAK1 or JAK2, has been described in mouse models
and cell lines (Kaplan et al., 1998; Dunn et al., 2005). Its rele-
vance to humans treated with anti-PD-1 therapy has been
highlighted by the description of patients who developed ac-
quired resistance to the therapy through new truncating mu-
tations in JAK1 or JAK2 (Zaretsky et al., 2016). These were
patients who responded to anti-PD-1 therapy and then re-
lapsed many months to years later while on continued ther-
apy. Comparison of baseline and relapsed tumors showed in
two cases that JAKT or JAK?2 alleles had been mutated with a
loss of function truncation event, whereas the other wild-type
allele had been selectively lost. This was not part of a wide-
spread series of such genetic changes, but instead was focused
on these genes, suggesting a strong selective pressure to lose
signaling from the interferon-y receptor (Zaretsky et al.,
2016). In addition to the loss of the adaptive immune re-
sponse by not being able to express PD-L1, these tumor cells
also became resistant to interferon-mediated killing, which
also signals through the interferon-y receptor. As loss of JAK1
function can lead to immunoediting in mouse models (Kap-
lan et al., 1998; Mazzolini et al., 2003; Dunn et al., 2005), it is
possible that the same may happen in some patients who have
PD-L1-negative tumors as a mechanism of innate resistance
to anti—-PD-1 therapies (Shin, D.S., et al. 2015. Proceedings of
the 106th Annual Meeting of the American Association for
Cancer Research. Abstr. 5013; Shin et al., 2016). In this sce-
nario, PD-L1 expression on cancer cells would not be cor-
rected by combining with another therapy that could bring
interferon-y—producing T cells into the tumor, as the signal-
ing circuit for inducible PD-L1 expression would be disabled
immediately below the interferon-y receptor.

Clinical significance of PD-L1-positive or —negative testing

In the absence of T cells, which are the effectors that kill
cancer cells upon PD-1 blockade therapy, it is hard to imag-
ine that PD-L1—positive tumors would respond to anti—-PD-1
or anti—-PD-L1 therapy. Therefore, the significance of PD-L1
positivity should be considered in the context of the presence
of T cells that are producing interferon-y, which is an indirect
readout of T cells that have the adequate TCRs to recog-
nize cognate tumor antigen expression on cancer cells. In this
setting, the likelihood of responding to anti-PD-1 or anti—
PD-L1 therapy should be high. But in cases with high-level
constitutive PD-L1 expression with a complete absence of a
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T cell infiltrate and no areas of increased PD-L1 expression
colocalized with T cells, then these are likely to be cancers
that will not respond to therapy despite having the highest
level of PD-L1 expression by IHC.

Patients with PD-L1-negative tumors may still respond
to anti-PD-1 or anti-PD-L1 therapy if given a combinato-
rial treatment that is able to bring T cells into tumors. This
is highlighted by the experience combining the anti-PD-1
nivolumab with the anti-CTLA-4 ipilimumab, where the
benefit of the combined therapy is most noticeable in pa-
tients with baseline PD-L1-negative tumors (Wolchok et al.,
2013; Larkin et al., 2015; Postow et al., 2015). This is likely
because blocking CTLA-4 results in a marked diversification
of the peripheral TCR repertoire (Cha et al., 2014; Rob-
ert et al.,, 2014) and increased T cell infiltration in tumors,
even though a minority of patients have objective responses
(Huang et al., 2011). It is reasonable to think that the T cell
infiltrate induced by CTLA-4 blockade would result in reac-
tive PD-L1 expression by cancer cells, and only when both
immune checkpoints are blocked simultaneously would there
be a high clinical response rate. Another scenario where pa-
tients with tumors scored as PD-L1-negative would respond
to anti-PD-1/L1 therapy is that it was a false negative testing.
There are multiple reasons for a false negative PD-L1 test,
including analyzing archival samples where PD-L1 may have
been degraded, having a small sample that does not include an
area of invasive margin where T cells may have induced PD-L1
expression, or tumors with marked heterogeneity with differ-
ent results in different metastatic sites. It would be preferable
to always base the analysis of PD-L1 on a recent biopsy hav-
ing collected a representative amount of a metastatic lesion.

Finally, the significance of a PD-Ll-negative tumor
would be very different in the case of a cancer that has a
genetic event leading to inability to express PD-L1. It is un-
likely that this genetic event would be truncations in PD-L1
itself; as this would not provide an advantage (and would be
a liability) to the cancer cells. But lack of PD-L1 expression
in response to interferon-y through interferon receptor path-
way mutations can be envisioned to lead to negative PD-L1
tumors that have the advantage of not responding to inter-
feron-y to increase antigen presentation, T cell attraction
through chemokines, and antiproliferative effects of interfer-
ons (Zaretsky et al., 2016). These would be cases of an abso-
lute negative PD-L1 tumor, which must be escaping immune
surveillance through another checkpoint or immune escape
mechanism. Therefore, it could not be corrected by bringing
in interferon-y—producing T cells and would be unlikely to
respond even to combination immunotherapies.

Conclusions

Expression of PD-L1 is an important variable when analyzing
results of therapy with anti-PD-1/L1 antibodies for cancer.
PD-L1 positivity is only desirable in the context of treatment
targeting the PD-1-PD-L1 interaction, as in the absence of
this therapy it may be a mechanisms of immune escape that
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is only beneficial to the cancer cells. In the future, it is likely
that rational decisions on the use of anti—-PD-1/L1 antibody
therapy alone or in combination will be based on the assess-
ment of the presence or absence of tumor antigen—specific
T cells that are inhibited by PD-L1 expression by cancer cells.
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