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EDITORIAL

Tumor immune microenvironment characterization and

response to anti-PD-1 therapy
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In recent years, further understanding of the interaction between
the immune system and tumor growth has led to the development
of several immunotherapies. These immunotherapies include
cancer vaccines and immune checkpoint inhibitors that have
been tested in various solid tumors, including those traditionally
considered non-immunogenic, such as non-small cell lung
cancer (NSCLC). In physiological state, T-cell-mediated
immune response against foreign antigens is regulated by
stimulatory and inhibitory signals, which are critical to prevent
autoimmunity and protect normal tissues after immune system
activation. Cancer cells harbor different genetic and epigenetic
alterations; thus, neoantigens that are potentially recognized
and eliminated by the immune system are expressed. Adaptive
immune responses, particularly IFN-y-secreting T cells, exert a
core function in tumor immune surveillance. However, tumors
can escape this surveillance and maintain an immunosuppressive
microenvironment through multiple mechanisms, including
recruitment of regulatory cells (e.g,, regulatory T cells, myeloid-
derived suppression cells, and type 2 macrophages) and
production of molecules suppressing antitumor T-cell responses
(e.g., interleukin-10 and transforming growth factor-B). Tumor
growth is also associated with immunomodulation of T-cell
response through enhancement of co-inhibitory molecules or
immune checkpoints, such as cytotoxic T-lymphocyte-associated
antigen-4 (CTLA-4) or programmed cell death-1 (PD-1), on T
cells"”. Immunotherapies may affect various tumors by activating
adaptive immune system response, including blockade of
immune checkpoint pathways.

PD-1 receptor is highly expressed by activated T cells, B cells,
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and natural killer cells’. The well-known ligands of PD-1 are
PD-L1 (or B7-H1) and PD-L2 (or B7-DC). PD-L1 is expressed
in macrophages and can be induced by inflammatory cytokines
on tumors, immune cells, and various tissues (Figure 1).
After ligand binding, PD-1 inhibits kinase signaling pathways
involved in T-cell activation; thus, this process prevents
overstimulation of immune response. PD-L1 also binds CD80
receptor, which is another negative regulator of T-lymphocyte
activation. PD-1 primarily inhibits T-cell activity in the effector
phase within tissues and tumors, whereas CTLA-4 regulates
immune responses early in T-cell activation. Therefore, PD-
L1/PD-1 axis blockade should enhance anticancer immunity.
Antibodies directed against CTLA-4 and PD-1/PD-L1
pathway have been demonstrated to be effective treatment
strategies, which induce durable tumor responses in patients
with various malignancies4. Several anti-PD1 antibodies,
including nivolumab (BMS-936558), have been developed
and are currently in advanced phases of clinical development;
nivolumab is a full human IgG4 monoclonal antibody that
binds to PD-1 receptor and can block interaction with both of
its ligands. Nivolumab disrupts negative signaling triggered by
PD-L1/PD-L2 and restores T-cell antitumor function. In a
phase I nivolumab study, patients’ cumulative response rates
(at all doses from 0.1 to 10 mg/kg every 2 weeks) were 18% in
NSCLC, 28% in melanoma, and 27% in renal-cell cancer. Grade
3 or 4 adverse events were observed in 14% of patients, with
three drug-related deaths caused by pneumonitis’. In a phase II
trial that enrolled patients with advanced squamous NSCLC,
who had received two or more prior treatments, nivolumab
was associated with 14.5% response rate after an 11-month
follow-up, with 3.3-month median response onset. Responses
were durable, with 77% of responders who presented ongoing
responses during analysis’. CheckMate 017, a phase III trial,
was stopped early in January 2015 following an assessment

conducted by the independent Data Monitoring Committee;
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Figure 1 The programmed cell death 1 (PD-1)/PD-L1 pathway. MHC, major histocompatibility complex; TCR, T-cell receptor; CTLA-4, cytotoxic

T-lymphocyte antigen-4.

this committee concluded that the study reached its endpoint,
demonstrating superior overall survival with nivolumab
compared with docetaxel in patients with advanced squamous
NSCLC pretreated with platinum-based chemotherapy. The
abovementioned trials included patients regardless of their
PD-L1 status. First-line treatment with nivolumab conferred a
significant improvement in overall survival and progression-free
survival compared with dacarbazine, with low risk of high-grade
toxic effects, in a phase III randomized trial including patients
with metastatic melanoma without BRAF mutation’. In the
current study, secondary endpoints included correlation of
tumor PD-L1 expression with overall survival.

Nivolumab provides significant clinical benefits in different
cancer types; thus, identification of predictive response factors
is crucial to select patients who will most likely benefit from
treatment, while sparing resistant patients from unnecessary
toxicity. PD-1/PD-L1 is predominantly involved in the final
stages of immune response between T cells and tumors;
therefore, most biomarker investigations have focused on tumor
microenvironment. Specifically, several studies have explored
PD-L1 expression in tumor cells from patients treated with
PD-1/PD-L1 axis inhibitors, and significant antitumor activity
has been shown in patients with PD-L1-positive tumors,
although responses have also been observed in PD-L1-negative

paltientss'10

To clearly observe the complexity of mechanisms involved
in tumor response to PD-1 blockade among different tumor
types, Taube et al.'' have explored the predictive value of PD-L1
expression and multiple immune biomarkers of tumor
microenvironment in nivolumab-treated patients. Specifically,
they analyzed the features of tumor-infiltrating immune cell
subsets; they also observed PD-1, PD-L1, and PD-L2 expression
in tumor cells and immune cells through immunohistochemistry
(IHC) in pretreatment samples from patients with advanced
treatment-refractory solid tumors treated in phase I
multi-institution trial of nivolumab in the Kimmel Cancer
Center at Johns Hopkins University. The said trial evaluated
the interrelationship among the factors, as well as potential
correlations with clinical outcomes in patients who had received
at least three biweekly nivolumab doses and demonstrated
evaluable treatment responses. IHC for PD-L1 and PD-1 was
performed with SHI1 and M3 mAbs, respectively; samples
were considered “positive” if cell surface PD-L1 and PD-L2
expression by tumor cells and tumor-infiltrating immune cells,
including tumor-infiltrating lymphocytes (TILs) and histiocytes,
was >5%. Immune infiltrate intensity (scored from 0 to 3) was
correlated with the proportion of tumor cells expressing PD-L1.
The proportion of TILs expressing PD-1 was also analyzed.

A total of 68 pretreatment archival or newly obtained tumor

samples from 41 patients with advanced melanoma, NSCLC,
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renal-cell carcinoma, colorectal carcinoma, and castration-resistant
prostate cancer (CRPC) were analyzed. PD-L1 expression
varied among tumors and mainly occurred in tumor cells of
melanoma, NSCLC, and kidney cancer specimens, in contrast
to only one colorectal and no CRPC specimens. Tumor PD-L1
expression was significantly correlated with infiltrating immune
cells, including lymphocytes and histiocytes (P=0.001), and
the proportion of PD-L1-positive tumor cells correlated with
infiltrate intensity (P=0.003). PD-L1 expression was also
observed in TILs and histiocyte/macrophages among different
tumor types, including some colorectal cancer specimens, in
which tumoral PD-L1 expression was very low. Interestingly, the
receptor PD-1 expression in TILs was significantly associated
with the expression of its ligand, PD-L1, in tumor cells and
immune cell infiltrates; this finding suggested the presence of
a potentially immunosuppressive environment. Furthermore,
PD-L2 function in immunosuppression mediation was explored
in the present study. PD-L2 was less expressed than PD-L1, but
its interaction with PD-1 was also blocked by nivolumab. Only
8 (21%) out of 38 specimens showed PD-L2 expression in
tumor or infiltrating immune cells, which were mainly associated
with PD-L1 expression.

To assess the predictive function of pathological features in
patients with multiple specimens (16/41, 39%), an analysis was
conducted by considering only the specimen closest to nivolumab
initiation or that with maximum expression of each variable.
Tumor PD-L1 expression was significantly associated with
objective response (P=0.025), as assessed by RECIST 1.0, and
clinical benefit (objective response or stable disease >6 months;
P=0.005). PD-L1 expression by immune cells was significantly
correlated with clinical benefit only. Considering the presence of
TILs correlated with tumor cell PD-L1 expression, such marker
was analyzed as an independent potential predictive factor,
although this marker was not correlated with favorable clinical
outcomes to nivolumab. All other microenvironment factors were
analyzed, including PD-1 and PD-L2 expression; CD4:CDS8 ratio,
CD20" B cells, and tumor necrosis of lymphoid aggregates were
not correlated with response to treatment. Correlation of PD-L1
expression with clinical outcome was not related to the timing of
tissue acquisition (ranging from O to 13 years).

Taube et al.'' provided novel interesting insights into
interactions among different factors of tumor microenvironment
and their function in mediating response to anti-PD-1 therapy.
First, PD-L1 expression in tumor cells emerged as the strongest
predictive factor associated with response to nivolumab. A
robust association between tumor PD-L1 expression and
response to PD-1 pathway blockade has been reported in

many studies. PD-L1/PD-L2 tumor expression is important
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in PD-1 receptor activation among activated T cells, thereby
suppressing T-cell-mediated immune response and creating
a local immunosuppressive milieu. However, Taube et al.
suggested that PD-L1 expression does not exclusively represent
an immunosuppressive factor; such marker may mainly reflect
an ongoing antitumor immune response characterized by an
immune-activated microenvironment and the production of
various cytokines and inflammatory factors (e.g., IFN-y) that
induce PD-L1 and PD-L2 expression. PD-L2 was correlated with
PD-L1 expression, but pure PD-L2 showed no correlation with
response to nivolumab or other PD1/PD-L1 agentslo‘“.

Importantly, PD-L1 expression patterns and characteristics
of immune infiltrates can vary among tumor types, and
these factors can affect response to PD-1 blockade. Majority
of melanoma, kidney cancer, and NSCLC showed PD-L1
expression in tumor cells, which were also correlated with
immune infiltrate intensity in melanoma and kidney cancers.
By contrast, PD-L1 expression occurred in infiltrating immune
cells; however, this process was absent in tumor cells among
colorectal cancers. As underlined by the authors, these distinct
expression patterns may reflect heterogeneity of immune
response among various tumors, which can be influenced
by specific genetic changes within the tumor and by other
tumor stromal components. Tumor cells express various
neoantigens, including those associated with somatic mutations
or infection by tumor-promoting viruses, which can activate
a local inflammatory response that is potentially responsible
for PD-L1 up-regulation. In some cancer types, PD-L1
expression has been associated with activation of downstream
signals, including PI3K/AKT, PTEN, and ALK/STAT3
pathways; therefore, this process may target immune response in
some oncogene-addicted tumors'' %, PD-L1 expression has also
been demonstrated to be either a negative or positive prognostic
biomarker in different tumor types'*"*.

The presence of TILs, which have been correlated with
chemotherapy or immunotherapy activity in some advanced
cancers, may be necessary to drive PD-L1 expression in tumors.
However, in the present study, TILs were not independently
correlated with response. This study also reported the association
of PD-L1 expression by infiltrating immune cells with clinical
benefits from nivolumab, although tumor PD-L1 expression was
the most important factor associated with objective response.
In a recent study on patients with different cancer types treated
with anti-PD-L1 monoclonal antibody, MPDL3280A, the
association of PD-L1 expression by infiltrating immune cells
in pretreatment samples with objective response was stronger
than that with tumor cell PD-L1 expression; therefore, these

cells may be involved in a pre-existing T-cell activity suppression
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by PD-L1 before therapy. This pre-existing immunity can serve
a crucial function in determining response to treatment with
MPDL3280A".

Different studies significantly reported that some rates
of objective response to PD-1 pathway blockade have been
observed in patients with PD-L1-negative tumors; thus, PD-L1
expression may not be the only predictive factor for this

1% The survival benefit from first-line

class of inhibitors
nivolumab versus dacarbazine was observed across all pre-
specified subgroups of metastatic melanoma patients, including
subgroups defined by PD-L1 status’. Results in terms of PD-
L1 expression predictivity are difficult to interpret because
studies significantly vary with regard to the use of different
antibodies for IHC analysis, different cutoff levels used to
define positivity, and different methods of sample collection,
processing, and storage. In some nivolumab studies, PD-L1
expression was evaluated using anti-PD-L1 monoclonal antibody
SHI (threshold for positivity: 5% expression per specimen),
whereas others used an automated IHC assay based on a
sensitive and specific anti-PD-L1 monoclonal antibody, 28-8
(positivity: >5% tumor cells showing membrane staining of
any intensity in a section containing at least 100 tumor cells).
Sample size can also affect the results because of the focal
nature of PD-L1 expression in tumors and known intratumoral
genetic heterogeneity. Furthermore, given the dynamic nature
of antitumor response, site (anatomical location), and time of
collection (primary or metastatic cancer), biopsy can affect the
expression of PD-L1 and other immunologic factors. However,
in the trial conducted by Taube et al."’, no significant correlations
existed between biopsy characteristics and PD-L1 expression. In
some studies, result interpretation was also limited by the small
number of patients analyzed. Overall, these data suggest that
patients with PD-L1-negative tumors should not be considered
ineligible for these highly effective immunotherapeutic
approaches. The predictive function of PD-L1 expression and
other immunoarchitectural features of pretreatment tumors
will be specifically addressed in ongoing phase II and III trials
on PD-1/PD-L1 pathway inhibitors in different solid tumors,
including melanoma and NSCLC. Additional studies on
tumor microenvironment factors and their relationship with
PD-L1 expression are needed to better elucidate the different
clinical activities of immunotherapies across tumor types. In
melanoma, other immunological events seem to affect response
to treatment, such as pre-existing CD8" T cell infiltration
at the invasive tumor margin, which is associated with the
expression of PD-1 and PD-L1 immune inhibitory axis and
correlated with response to pembrolizumab'’. Furthermore,
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in melanoma, pretreatment tumors in responding patients
demonstrated elevated IFN and IFN-inducible gene expression
(e.g., CXCL9); these associations were not found in NSCLC or
renal cancer'’. Recent studies have demonstrated that genomic
tumor landscape can predict response to immune checkpoint
inhibitors. Some tumors, including NSCLC and melanoma, are
characterized by very high mutational burdens. Neoantigens
created within these tumors can trigger and construct
immune responses that can be enhanced by immunologic
checkpoint blockade. NSCLC specimens from patients treated
with the anti-PD-1 pembrolizumab were characterized by
whole-exome sequencing; a higher mutational load was also
strongly associated with clinical efficacy”’. Moreover, efficacy is
correlated with a molecular smoking marker, specific DNA repair
pathway mutations, and higher burden of candidate neoantigens.
Similarly, in melanoma patients treated with ipilimumab, a
long-term clinical benefit was associated with high mutational
load®. However, some tumors with high load of somatic
mutations failed to respond to checkpoint blockade; therefore,
other tumor characteristics may affect therapeutic benefit. In the
same study, researchers identified a set of neoantigens that were
common to patients who presented a sustained clinical benefit;
however, these neoantigens were completely absent in patients
with minimal or no benefit. This specific marker in tumors can be
potentially useful to select patients who will most likely benefit
from CTLA-4 blockade.

Our knowledge about the mechanisms involved in the
interactions between the immune system and tumors is rapidly
evolving. In this context, the work of Taube et al. provided a
crucial contribution to elucidate how these mechanisms can be
exploited to predict response to anti-PD-1 therapy and facilitate

further investigations in this field.

Conflict of Interest Statement

No potential conflicts of interest are disclosed.

References

1. Butt AQ, Mills KH. Immunosuppressive networks and
checkpoints controlling antitumor immunity and their blockade
in the development of cancer immunotherapeutics and vaccines.
Oncogene 2014;33:4623-4631.

2. Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer 2012;12:252-264.

3. Freeman GJ, Long AJ, Iwai Y, Bourque K, Chernova T, Nishimura
H, et al. Engagement of the PD-1 immunoinhibitory receptor

by a novel B7 family member leads to negative regulation of



78

10.

11.

12.

13.

lymphocyte activation. ] Exp Med 2000;192:1027-1034.

Postow MA, Callahan MK, Wolchok JD. Immune Checkpoint Blockade
in Cancer Therapy. ] Clin Oncol 2015. [Epub ahead of print].

Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC,
McDermott DF, et al. Safety, activity, and immune correlates of
anti-PD-1 antibody in cancer. N Engl ] Med 2012;366:2443-2454.
Rizvi NA, Maziéres J, Planchard D, Stinchcombe TE, Dy GK,
Antonia SJ, et al. Activity and safety of nivolumab, an anti-

PD-1 immune checkpoint inhibitor, for patients with advanced,
refractory squamous non-small-cell lung cancer (CheckMate 063):
a phase 2, single-arm trial. Lancet Oncol 2015;16:257-265.
Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L, et
al. Nivolumab in previously untreated melanoma without BRAF
mutation. N Engl ] Med 2015;372:320-330.

Grosso J, Horak CE, Inzunza D, Cardona DM, Simon JS, Gupta
AK, etal. Association of tumor PD-L1 expression and immune
biomarkers with clinical activity in patients (pts) with advanced
solid tumors treated with nivolumab (anti-PD-1; BMS-936558;
ONO-4538). ] Clin Oncol 2013;31:abstr 3016.

Antonia SJ, Grosso JE, Horak CE, Harbison CT, Kurland JF, Inzunza
HD, et al. Association of tumor PD-L1 expression and immune
biomarkers with clinical activity in patients with non-small cell

lung cancer (NSCLC) treated with nivolumab (Anti-PD-1; BMS-
936558; ONO-4538). ] Thorac Oncol 2013;8:5907-S908.

Herbst RS, Soria JC, Kowanetz M, Fine GD, Hamid O, Gordon MS,
et al. Predictive correlates of response to the anti-PD-L1 antibody
MPDL3280A in cancer patients. Nature 2014;515:563-567.

Taube JM, Klein A, Brahmer JR, Xu H, Pan X, Kim JH, et al.
Association of PD-1, PD-1 ligands, and other features of the tumor
immune microenvironment with response to anti-PD-1 therapy.
Clin Cancer Res 2014;20:5064-5074.

Parsa AT, Waldron JS, Panner A, Crane CA, Parney IF, Barry J], et al.
Loss of tumor suppressor PTEN function increases B7-H1 expression
and immunoresistance in glioma. Nat Med 2007;13:84-88.

Marzec M, Zhang Q, Goradia A, Raghunath PN, Liu X, Paessler

14.

1S.

16.

17.

18.

19.

20.

21.

Santarpia et al. Tumor immune microenvironment anti-PD-1 therapy

M, et al. Oncogenic kinase NPM/ALK induces through STAT3
expression of immunosuppressive protein CD274 (PD-L1, B7-
H1). Proc Natl Acad Sci U S A 2008;105:20852-20857.

Atefi M, Avramis E, Lassen A, Wong DJ, Robert L, Foulad D, et

al. Effects of MAPK and PI3K pathways on PD-L1 expression in
melanoma. Clin Cancer Res 2014;20:3446-3457.

Droeser RA, Hirt C, Viehl CT, Frey DM, Nebiker C, Huber X, et
al. Clinical impact of programmed cell death ligand 1 expression in
colorectal cancer. Eur J Cancer 2013;49:2233-2242.

Thompson RH, Gillett MD, Cheville JC, Lohse CM, Dong H,
Webster WS, et al. Costimulatory B7-H1 in renal cell carcinoma
patients: Indicator of tumor aggressiveness and potential therapeutic
target. Proc Natl Acad Sci U S A 2004;101:17174-17179.

Gadiot J, Hooijkaas A, Kaiser AD, van Tinteren H, van Boven H,
Blank C. Overall survival and PD-L1 expression in metastasized
malignant melanoma. Cancer 2011;117:2192-2201.

Mu CY, Huang JA, Chen Y, Chen C, Zhang XG. High expression
of PD-L1 in lung cancer may contribute to poor prognosis and
tumor cells immune escape through suppressing tumor infiltrating
dendritic cells maturation. Med Oncol 2011;28:682-688.

Tumeh PC, Harview CL, Yearley JH, Shintaku IP, Taylor EJ,
Robert L, et al. PD-1 blockade induces responses by inhibiting
adaptive immune resistance. Nature 2014;515:568-571.

Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, Havel
JJ, et al. Cancer immunology. Mutational landscape determines
sensitivity to PD-1 blockade in non-small cell lung cancer. Science
2015;348:124-128.

Snyder A, Makarov V, Merghoub T, Yuan J, Zaretsky JM,
Desrichard A, et al. Genetic basis for clinical response to CTLA-4
blockade in melanoma. N Engl ] Med 2014;371:2189-2199.

Cite this article as: Santarpia M, Karachaliou N. Tumor immune

microenvironment characterization and response to anti-PD-1 therapy. Can-

cer Biol Med 2015;12:74-78. doi: 10.7497 /j.issn.2095-3941.2015.0022



