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POINT OF VIEW
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Molecular and immune classifica-
tions powerfully predict cancer
patient’s survival and response to thera-
pies. We herein describe the immune
tumor microenvironment of molecular
subgroups of colorectal and renal cell
cancers, revealing a strong correlation
between tumor subtypes and distinct
immune profiles.

During the last decade, 2 major prog-
nostic classifications of human cancers
have emerged based on the phenotype of
tumor cells and the composition of the
immune infilerate. The first, molecular
classification of cancer, stratifies patients
according to genetic mutations, transloca-
tions, amplifications or deletions of chro-
mosome fragments in malignant cells.'
The second, immune classification, strati-
fies patients according to the location,
quality and quantity of the tumor
immune infilrate.” To our knowledge
and to date, no correlation between these
2 classifications has been performed.

Molecular classification has proven to
be useful in the clinicopathological analy-
ses of many cancer types, such as in the
identification of patient subsets with dis-
tinct prognoses and in stratifying patients
according to predicted responses to thera-
pies. Thus, patients presenting mutations
in particular driver oncogenes can be
treated by specific inhibitors, such as
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vemurafenib that targets mutated BRAF
in melanoma® or gefitinib and erlotinib
that target EGFR mutations in lung can-
cer.> Patients afflicted with acute lym-
phocytic leukemia and chronic lymphoid
leukemia harboring translocation of BCR-
ABL genes are similarly known to be sensi-
tive to imatinib.® Amplification of the
HER2/neu gene in breast cancer cells man-
ifest overexpression of the encoded HER2
protein, a therapeutic target for the mono-
clonal antibodies trastuzumab and pertu-
HER2-positive ~ patients.”
Conversely, patients with colorectal cancer
(CRC) marked by the mutant oncogene
KRAS are resistant to treatment with

zumab  in

cetuximab, a monoclonal antibody target-
ing the epidermal growth factor receptor
(EGFR).®
Whole-transcriptome
tumor cohorts also define molecular sub-
groups with prognostic and theranostic

analyses  of

values. This principle was recently exem-
plified in a publication by our group in
which we analyzed a cohort of patients
with clear cell renal cell carcinoma
(ccRCC)? who had developed metastatic
disease and were treated with sunitinib, a
tyrosine-kinase inhibitor (TKI) targeting
tyrosine-kinase receptors. Sunitinib targets
include the vascular endothelial growth
factor (VEGF) receptors VEGFRI
(FLT1) and VEGFR2 (KDR), the proto-
oncogenes RET and c-KIT (CD117),
fms-related tyrosine kinase 3 (FLT3), and

€1049804-1


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/

the platelet derived growth factor receptor
B (PDGFRB)." Transcriptome analyses
were performed on resected primary
ccRCCs from these patients and unsuper-
vised consensus clustering approach iden-
tified 4 robust ccRCC subtypes (ccRCC1
to ccRCC4) that were associated with dif-
ferent responses to sunitinib treatment.’
We found that ccRCC4 had the lowest
response rate to sunitinib and the shortest
progression-free survival (PFS) and most
reduced overall survival (OS) in compari-
son to ccRCC2 and ccRCC3 (Fig. 1A).
Of particular interest, ccRCC4 exhibited a
stem-cell polycomb group (PcG) signature
and a sarcomatoid differentiation profile.”

Six independent laboratories have
reported transcriptomic molecular classifi-
cations of CRC."'"'® They all agree on
the identification of a patient subgroup
with microsatellite instability (MSI) asso-
ciated with longer PFS and OS, as well as
on the identification of a mesenchymal
subgroup associated with the worst prog-
nosis and characterized by transforming
growth factor § (TGEFR) activation, the
presence of stromal cells, invasion and
angiogenesis. This classification could also
have a theranostic value since patients
with tumors of the mesenchymal sub-
group are more resistant to targeted thera-
pies,'” including More
recently, it was reported that CRC

. 1
cetuximab.'?

patients responding to anti-checkpoint
PD-1-targeting antibodies (nivolumab)
belonged to the MSI subgroup.17 Among
CRC stratification
method dividing CRC in 6 subgroups
(C1 to C6)."® These include: C1 display-
ing chromosomal instability (CIN) with a
significant down regulation of immune
pathways; C2 the MSI
tumors, which are known to be highly
infiltrated by T lymphocytes; C3 enriched
for tumors with KRAS mutations; C4
composed of CRCs exhibiting upregula-
tion of cancer stem cell (CSC)-like pheno-
type signatures; C5 featuring CIN with
activation of the Wnt-signaling pathway;
and C6, which also display CIN but have
a gene expression profile similar to normal
tissues.'® As expected, patients of the C2
subgroup had the best clinical outcome, in
terms of PFS and OS, whereas patients

classifications is a

comprising

from the C4 subgroup had the worst prog-
nosis'® (Fig. 2A).
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In addition, these 2 molecular classifi-
cations of RCC and CRC were shown to
correlate with immunological and inflam-

%16 Eor instance, path-

matory signatures.
way analyses revealed an overexpression
and hypomethylation of genes involved in
immune response and chemotaxis in the
ccRCC4 group of tumors. In CRC, the
“Hematopoietic cell lineage” pathway was
overrepresented in C2 and C4, suggesting
increased infiltration by immune cells.
However, in-depth analyses of the
composition of the immune microenvi-
ronment in relation to molecular sub-
groups are still lacking. Such analyses
appear mandatory since the immune clas-
sification of cancers is the other major
prognostic factor that emerged during the
last decade. The concept of an immuno-
logic landscape affecting cancer patient
outcome was initiated by the pioneering
work of Zhang et al. in ovarian cancer'®
and subsequently extended by the work of
Galon et al. in CRC'" who showed that
the density of intracumoral T cells, partic-
ularly memory CD8" T cells and a T
helper type 1 (Thl) orientation was the
strongest prognostic factor for PFS and
OS. This notion was extended and con-
firmed to be functionally relevant to most
cancer types and led to the concept of
immune contexture, which proposes that
the density, location, functional orienta-
tion and local education of memory T
cells strongly impacts patient clinical out-
come.” This breakthrough has allowed the
establishment of a standardized, robust
and reproducible immunoscore as a rou-
tine laboratory test being validated by a
worldwide consortium.”’ The immune
classification of human tumors also has
theranostic value. For instance, the pres-
ence of CD8" T cells is necessary,
although not always sufficient,”’  for
response to therapy with antd-PD-1 anti-
bodies in melanoma pzltients.22 It also rep-
resents a theranostic marker for other
immunotherapies, since high T-cell infil-
tration, in association with the presence of
a high number of tertiary lymphoid struc-
tures,”> accompanies the potential efficacy
of therapeutic vaccines>® or anti-check-
point antibodies.”> There are, however,
exceptions to the beneficial effect of a high
infiltration by CD8™ T cells, as observed
Hodgkin’s

in head-and-neck cancer,?®
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lymphoma,27 diffuse large B-cell lym-
phoma®® and ccRCC.**’

We have revisited the ccRCC case by
studying the immune contexture of 135
primary ccRCC? and 51 lung metasta-
ses of patients with ccRCC.*>?" We
first reported an association between
shortened patient survival and a high
density of CD8" T cells in primary
and metastatic Analysis  of
patient mRNA transcriptomes in The
Cancer Genome Atlas’ revealed that

. 31
s1tes.

the expression of most of the genes
associated with a CD8" T cell-oriented
immune response, notably those includ-
ing INFvy, correlated with a poor prog-
nosis. More detailed analyses of the
immune infiltrates revealed that many
CD8" T cells co-expressed immune
checkpoint inhibitors, such as pro-
grammed cell death 1 (PDCD1, or PD-
1) and lymphocyte activation gene 3
(LAG3), and showed that high densities
of PD-1 and/or LAG3 expressing T
cells correlated with poor prognosis.30
In some patients, neoplastic cells
expressed PD-1 ligands, such as PD-L1
and PD-L2, while tumor-infiltrating T
cells expressed PD-1. Strikingly, this
coordinate expression was found to be
associated with a higher risk of relapse
and death.*”

In contrast, high densities of CD8t T
cells in CRC primary sites has been corre-
lated with longer patient survival '*, a cor-
evinced to occur in
association with CRC liver®® or lung31

relation  also
metastatic  sites. Thus, clear opposing
prognostic impacts regarding the presence
of CD8™ T-cell infiltrates have been docu-
mented between ccRCC and CRC patient
primary and metastatic tumors, suggesting
that the clinical impact of the immune
contexture depends primarily on the type
of lesion rather than the tumor site.’
These results prompted us to investigate
the correlations between the molecular
subgroups and the immune infiltrate. To
this end, we set out to interrogate a large
patient cohort and available transcriptome
data to establish a robust and selective
immunome, thus defining metagenes for
all lymphocyte subsets (e.g., CD3™,
CD4%, CD8™, Thil, Th2, Thi17, Treg,
NK, B cells, etc.) monocyte-derived cells,

> but

mast  cells, granulocytes® also
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Figure 1. Correlation between clear cell renal cell carcinoma molecular subgroups and immune and inflammatory gene expression. (A) Kaplan-Meier
curves representing the progression-free survival (PFS; left) and overall-survival (OS; right) of clear cell renal carcinoma type 4 (ccRCC4) patients com-
pared to non-ccRCC4 patients (B) Relative expression of immune cell-specific markers in the 4 ccRCC subgroups (red: high expression, blue: low expres-
sion). Percentages indicate the frequency of each subgroups within the cohort. (C) Relative expression of functionally-relevant immune genes in the 4
ccRCC subgroups (red: high expression, blue: low expression). Dataset: ArrayExpress E-MTAB-3269.
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Figure 2. Correlation between colorectal cancer m

Omnibus GSE39582.

senting the relapse-free survival (RFS; left) and overall-survival (OS; right) of C2, C4 and non-C2/C4 patients (B) Relative expression of immune cell-specific
markers in the 6 CRC subgroups (red: high expression, blue: low expression). Percentages indicate the frequency of each subgroups within the cohort. (C)
Relative expression of functionally-relevant immune genes in the 6 CRC subgroups (red: high expression, blue: low expression). Data set: Gene Expression

It
olecular subgroups and immune and inflammatory gene expression. (A) Kaplan-Meier curves repre-

endothelial cells and fibroblasts (Becht,
submitted). The immunome was applied
to the ccRCC and CRC molecular sub-
group classifications presented above.”'®
In the ccRCC cohort, the immunome

identified the <cRCC4 subgroup as

€1049804-4

previous observations.” Among the genes
overexpressed in ccRCC4 —in addition to
genes involved in Th1 polarization (/F/Nv,
TBX21), T cell activation (/LI2R) and
chemotaxis (CXCL9, CXCL10) — were
genes inhibition,

exhibiting the highest expression of genes
expressed overall in T and B cells, as well
as specifically in cytotoxic cells and mye-
loid cells, whereas the ccRCC1 subgroup
had the lowest expression of immune
metagenes (Fig. 1B),

confirming our governing  T-cell

Oncolmmunology Volume 4 Issue 12



including PD-1, LAG3, and TGF, as well
as genes attracting (CXCL12) and activat-
ing (CSFI) myeloid cells’ (Fig. 1C).
Indeed, the ccRCC4 subgroup also exhib-
ited hypomethylation of genes involved in
the regulation of T-cell activation, regula-
tion of the immune response, chemotaxis
and apoptotic caspase cascades.” Finally,
immunohistochemical analyses revealed
that tumors of the ccRCC4 subgroup dis-
played the strongest CD8™ T-cell infiltra-
tion, together with lymphocytic PD-1
expression and coincident PD-L1 expres-
sion on malignant cells.” The combined
analyses of molecular subgroups of ccRCC
and therefore
allowed the identification of an “immune

immune classifications
high” and inflammatory subgroup, likely
shaped by the sarcomatoid differentiated
malignant cells producing chemokines
and cytokines regulating the immune con-
texture, and inducing T-cell exhaustion
(PD-1 expression) and immunosuppres-
sion (TGF). It identifies a poor-prognostic
cohort, in which patient’s tumor-infiltrat-
ing lymphocytes express immune check-
point inhibitors (e.g;, PD-1 and LAG-3)
and the corresponding ligands are
expressed by tumor cells. With this in
mind, we consequently propose that the
ccRCC4 subgroup identifies patients that
may respond to therapeutic immune
checkpoint modulators.”

Application of the immunome stratifi-
cation method to the CRC classification
published by Marisa et al.'® identified 2
“immune high” subgroups, as shown in
Figure 2B. The expected MSI-enriched
“C2” subgroup highly expressed T and
NK cell metagenes and to a lesser extent
the myeloid-cell metagene signature. The
C2 subgroup displayed the highest expres-
sion of genes involved in Th1 orientation
(i.e, IFNy). Transcripts encoding
immune checkpoint inhibitors, such as
PD-1, T-cell attracting chemokines (e.g,
CXCL9, CXCL10), and the interleukin
(IL) IL15 (which activates cytotoxic lym-
phocytes and promotes survival of mem-
ory CD8" T cells) were all differentially
expressed,*® as were molecules implicated
in the formation of tertiary lymphoid
structures  (e.g., CXCL13), confirming
prior observations by Bindea et al.*” Sur-
prisingly, C2 was not the only subgroup
characterized by high immune-related

www.tandfonline.com

metagene expression (Fig. 2C). The C4
subgroup, with a stem cell-like transcrip-
tomic profile and expressing markers of
epithelial-to-mesenchymal transition,
comprised tumors with high T and NK
metagene expression but in the context of
a high myeloid cell metagene signature,
and of endothelial and fibroblastic cells
markers expression. Some tumors of this
subgroup also differentially expressed the
transcripts encoding the PD-1 ligands,
CD274 and programmed cell death 1
ligand 2 (PDCDI1LG2). In accordance
with the high expression of a myeloid cell
metagene signature, the C4 subgroup also
exhibited a high expression of genes
encoding myeloid cells attracting chemo-
kines (CCL2), angiogenic factors
(VEGFA, VEGFC, PDGF), and TGFBI
(Fig. 2C). These observations are reminis-
cent of the fact that high VEGF gene
expression impaired the beneficial clinical
impact of high granulysin gene expression
in CRC tumors.”” On the contrary, the
C1 and C5 subgroup metagene expression
profiles

immune-

were characterized by low

and  inflammatory-associated
profiles, associated with a low expression
of MHC Class I genes, which may explain
the low CD8" T lymphocyte infiltration
of these subgroups (Fig. 2B, C). Alto-
gether, the combined analysis of cancer
molecular subgroups and immune classifi-
cations of CRC revealed unexpected
immune and inflammatory associated het-
erogeneity in CRC tumors. The C2/MSI
subgroup presents infiltration of canonical
Th1 cells and cytotoxic memory CD8* T
cells correlating with good prognosis,
whereas the C4 subgroup exhibits a strong
lymphocyte infiltration associated with
myeloid cell infiltration, along with angio-
genesis and high density of tumor-associ-
ated fibroblasts. These last 3 components
most likely impair the immune reaction
and are partly responsible for the poor
prognosis of patients from this particular
subgroup. Despite these deleterious ele-
ments in the microenvironment of C4
tumors, the presence of PD-1 and LAG-3
positive lymphocytes and PD-L1 express-
ing cells opens the possibility of targeted
immunotherapies for the corresponding
group of patients.

These results show similarities at the
subgroup level between distinct tumor

Oncolmmunology

types such as ccRCC and CRC and allow
us to define new groups of immune high
patients that may be associated with dis-
tinct prognoses. They illustrate the high
potential of combining the analyses of
cancer molecular subgroups with immune
classifications to define new groups of
patients with similar tumoral and micro-
environmental signatures independently
of tumor types. By associating the muta-
tional, differentiation or methylation sta-
tus of the cancer cells together with the
that they

shape, these molecular and immune based

tumor microenvironments
classifications have a high prognostic value
and may provide novel therapeutic targets
and theranostic markers in the clinic.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were

disclosed.

Funding

This work was supported by the
‘Institut National de la Santé et de la
Recherche Médicale’, the University
Paris-Descartes, the University Pierre et
Marie Curie, the Institut National du
Cancer (2011-1-PLBIO-06-INSERM
6-1), CARPEM (CAncer Research for
PErsonalized Medicine), Labex Immuno-
Oncology (LAXE62_9UMS872 FRID-
MAN), the Universidad de los Andes
School of Medicine (NAG), Colciencias
(NAG). EB is supported by B3MI doctor-
ate fellowship, NAG by PPATH doctorate
fellowship and YV by CARPEM doctorate
fellowship.

References

1. Vogelstein B, Papadopoulos N, Velculescu VE, Zhou S,
Diaz LAJ, Kinzler KW. Cancer genome landscapes. Sci-
ence 2013; 339:1546-58; PMID:23539594; htep://dx.
doi.org/10.1126/science.1235122

2. Fridman W, Pages F, Sautés-Fridman C, Galon J. The
immune contexture in human tumours: impact on clin-
ical outcome. Nat Rev Cancer 2012; 12:298-3006;
PMID:22419253; http://dx.doi.org/10.1038/nrc3245

3. Chapman PB, Hauschild A, Robert C, Haanen JB,
Ascierto P, Larkin J, Dummer R, Garbe C, Testori A,
Maio M, et al. Improved survival with vemurafenib in
melanoma with BRAF V600E mutation. N Engl ] Med
2011; 364:2507-16; PMID:21639808; http://dx.doi.
0rg/10.1056/NEJMoal103782

4. Rosell R, Carcereny E, Gervais R, Vergnenegre A, Mas-
suti B, Felip E, Palmero R, Garcia-Gomez R, Pallares
C, Sanchez JM, et al. Erlotinib versus standard chemo-
therapy as first-line treatment for European patients
with advanced EGFR mutation-positive non-small-cell

€1049804-5



. Karapetis

lung cancer (EURTAC): a multicentre, open-label,
randomised phase 3 trial. Lancet Oncol 20125
13:239-46; PMID:22285168; heep://dx.doi.org/
10.1016/S1470-2045(11)70393-X

. Maemondo M, Inoue A, Kobayashi K, Sugawara S,

Oizumi S, Isobe H, Gemma A, Harada M, Yoshizawa
H, Kinoshita I, et al. Gefitinib or chemotherapy for
non-small-cell lung cancer with mutated EGFR. N
Engl ] Med 2010; 362:2380-8; PMID:20573926;
http://dx.doi.org/10.1056/NEJM0a0909530

. Weisberg E, Manley PW, Cowan-Jacob SW, Hochhaus

A, Griffin JD. Second generation inhibitors of BCR-
ABL for the treatment of imatinib-resistant chronic
myeloid leukaemia. Nat Rev Cancer 2007; 7:345-56;
PMID:17457302; http://dx.doi.org/10.1038/nrc2126

. Piccart-Gebhart MJ, Procter M, Leyland-Jones B,

Goldhirsch A, Untch M, Smith I, Gianni L, Baselga ],
Bell R, Jackisch C, et al. Trastuzumab after adjuvant
chemotherapy in HER2-positive breast cancer. N Engl
J Med 2005; 353:1659-72; PMID:16236737; http://
dx.doi.org/10.1056/NEJMo0a052306

CS, Khambata-Ford S, Jonker DJ,
O’Callaghan CJ, Tu D, Tebbutt NC, Simes RJ, Chal-
chal H, Shapiro JD, Robitaille S, et al. K-ras mutations
and benefit from cetuximab in advanced colorectal can-
cer. N Engl ] Med 2008 359:1757-65;
PMID:18946061; http://dx.doi.org/10.1056/
NEJMo0a0804385

. Beuselinck B, Job S, Becht E, Karadimou A, Verkarre

V, Couchy G, Giraldo N, Rioux-Leclercq N, Molinié
V, Sibony M, et al. Molecular subtypes of clear cell
renal cell carcinoma are associated with sunitinib
response in the metastatic setting. Clin Cancer Res
2015; 21:1329-39; PMID:25583177

. Papaetis GS, Syrigos KN. Sunitinib: a multitargeted

receptor tyrosine kinase inhibitor in the era of molecu-
lar cancer therapies. BioDrugs 2009; 23:377-89;
PMID:19894779

. The Cancer Genome Atlas. Comprehensive molecular

characterization of human colon and rectal cancer.
Nature 2012; 487:330-7; PMID:22810696; http://dx.
doi.org/10.1038/nature11252

. Schlicker A, Beran G, Chresta CM, McWalter G,

Pritchard A, Weston S, Runswick S, Davenport S,
Heathcote K, Castro DA, et al. Subtypes of primary
colorectal tumors correlate with response to targeted
treatment in colorectal cell lines. BMC Med Genomics
2012; 5:66; PMID:23272949;  http://dx.doi.org/
10.1186/1755-8794-5-66

. Sadanandam A, Lyssiotis CA, Homicsko K, Collisson

EA, Gibb WJ, Wullschleger S, Ostos LC, Lannon WA,
Grotzinger C, Del Rio M, et al. A colorectal cancer
classification system that associates cellular phenotype
and responses to therapy. Nat Med 2013; 19:619-25;
PMID:23584089; http://dx.doi.org/10.1038/nm.3175

. De Sousa E Melo F, Wang X, Jansen M, Fessler E,

Trinh A, de Rooij LPMH, de Jong JH, de Boer O], van
Leersum R, Bijlsma MF, et al. Poor-prognosis colon
cancer is defined by a molecularly distinct subtype and
develops from serrated precursor lesions. Nat Med
2013; 19:614-8; PMID:23584090; http://dx.doi.org/
10.1038/nm.3174

. Budinska E, Popovici V, Tejpar S, D’Ario G, Lapique

N, Sikora KO, Di Narzo AF, Yan P, Hodgson JG,
Weinrich S, et al. Gene expression patterns unveil a
new level of molecular heterogeneity in colorectal can-
cer. ] Pathol 2013; 231:63-76; PMID:23836465;
http://dx.doi.org/10.1002/path.4212

. Marisa L, de Reynies A, Duval A, Selves J, Gaub MP,

Vescovo L, Etienne-Grimaldi MC, Schiappa R, Guenot
D, Ayadi M, et al. Gene expression classification of

€1049804-6

19.

20.

21.

22.

23.

24.

25.

26.

27.

colon cancer into molecular subtypes: characterization,
validation, and prognostic value. PLoS Med 2013; 10:
e1001453; PMID:23700391; http://dx.doi.org/
10.1371/journal.pmed.1001453

. Lipson EJ, Sharfman WH, Drake CG, Wollner I,

Taube JM, Anders RA, Xu H, Yao S, Pons A, Chen L,
et al. Durable cancer regression off-treatment and effec-
tive reinduction therapy with an anti-PD-1 antibody.
Clin Cancer Res 2013; 19:462-8; PMID:231694306;
heep://dx.doi.org/10.1158/1078-0432.CCR-12-2625

. Zhang L, Conejo-Garcia JR, Katsaros D, Gimotty PA,

Massobrio M, Regnani G, Makrigiannakis A, Gray H,
Schlienger K, Liebman MN, et al. Intratumoral T cells,
recurrence, and survival in epithelial ovarian cancer. N
Engl ] Med 2003; 348:203-13; PMID:12529460;
htep://dx.doi.org/10.1056/NEJMo0a020177

Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A,
Mlecnik B, Lagorce-Pages C, Tosolini M, Camus M,
Berger A, Wind P, et al. Type, density, and location of

immune cells within human colorectal tumors predict

clinical outcome. Science 2006; 313:1960-1964;
PMID:17008531;  http://dx.doi.org/10.1126/science.
1129139

Galon J, Pages F, Marincola FM, Angell HK, Thurin
M, Lugli A, Zlobec I, Berger A, Bifulco C, Botti G,
et al. Cancer classification using the immunoscore: a
worldwide task force. J Transl Med 2012; 10:205;
PMID:23034130; heep://dx.doi.org/10.1186/1479-
5876-10-205

Herbst RS, Soria ], Kowanetz M, Fine GD, Hamid O,
Gordon MS, Sosman JA, McDermott DF, Powderly
JD, Gettinger SN, etal. Predictive correlates of
response to the anti-PD-L1 antibody MPDL3280A in
cancer patients. Nature 2014; 515:563-7;
PMID:25428504; http://dx.doi.org/10.1038/
nature14011

Taube JM, Klein A, Brahmer JR, Xu H, Pan X, Kim
JH, Chen L, Pardoll DM, Topalian SL, Anders RA.
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-
74; PMID:24714771; http://dx.doi.org/10.1158/1078-
0432.CCR-13-3271

Dieu-Nosjean M, Goc ], Giraldo NA, Sautes-Fridman
C, Fridman WH. Tertiary lymphoid structures in can-
cer and beyond. Trends Immunol 2014; 35:571-580;
PMID:25443495; http://dx.doi.org/10.1016/j.
it.2014.09.006

Maldonado L, Teague JE, Morrow MP, Jotova I, Wu
TC, Wang C, Desmarais C, Boyer JD, Tycko B, Rob-
ins HS, et al. Intramuscular therapeutic vaccination tar-
geting HPV16 induces T cell responses that localize in
mucosal lesions. Sci Transl Med 2014; 6:221ral3;
PMID:24477000;  http://dx.doi.org/10.1126/
scitranslmed.3007323

Lutz ER, Wu AA, Bigelow E, Sharma R, Mo G, Soares
K, Solt S, Dorman A, Wamwea A, Yager A, et al.
Immunotherapy converts nonimmunogenic pancreatic
tumors into immunogenic foci of immune regulation.
Cancer Immunol Res 2014; 2:616-31;
PMID:24942756; http://dx.doi.org/10.1158/2326-
6066.CIR-14-0027

Badoual C, Hans S, Merillon N, Van Ryswick C, Ravel
P, Benhamouda N, Levionnois E, Nizard M, Si-
Mohamed A, Besnier N, et al. PD-1-expressing tumor-
infiltrating T cells are a favorable prognostic biomarker
in HPV-associated head and neck cancer. Cancer Res
2013; 73:128-38; PMID:23135914; http://dx.doi.org/
10.1158/0008-5472.CAN-12-2606

Scott DW, Chan FC, Hong F, Rogic S, Tan KL, Meiss-
ner B, Ben-Neriah S, Boyle M, Kridel R, Telenius A,

Oncolmmunology

28.

29.

30.

31.

32.

33.

34.

35.

30.

37.

et al. Gene expression-based model using formalin-
fixed paraffin-embedded biopsies predicts overall sur-
vival in advanced-stage classical Hodgkin lymphoma. J
Clin Oncol 2013; 31:692-700; PMID:23182984;
http://dx.doi.org/10.1200/JCO.2012.43.4589

Muris JJF, Meijer CJLM, Cillessen SAGM, Vos W,
Kummer JA, Bladergroen BA, Bogman MJ, MacKenzie
MA, Jiwa NM, Siegenbeck van Heukelom LH, et al.
Prognostic significance of activated cytotoxic T-lym-
phocytes in primary nodal diffuse large B-cell lympho-
mas. Leukemia 2004; 18:589-96; PMID:14712286;
hetp://dx.doi.org/10.1038/sj.leu.2403240

Nakano O, Sato M, Naito Y, Suzuki K, Orikasa S,
Aizawa M, Suzuki Y, Shintaku I, Nagura H, Ohtani H.
Proliferative activity of intratumoral CD8(+) T-lym-
phocytes as a prognostic factor in human renal cell car-
cinoma: clinicopathologic demonstration of antitumor
immunity. Cancer Res 2001; 61:5132-6;
PMID:11431351

Giraldo N, Becht E, Pages F, Skliris GP, Verkarre V,
Vano Y, Mejean A, Saint-Aubert N, Lacroix L, Natario
I, et al. Orchestration and prognostic significance of
immune checkpoints in the microenvironment of pri-
mary and metastatic renal cell cancer. Clin Cancer Res
2015; 21:3031-40; PMID:25688160

Remark R, Alifano M, Cremer I, Lupo A, Dieu-Nos-
jean M, Riquet M, Crozet L, Ouakrim H, Goc J, Cazes
A, etal. Characteristics and clinical impacts of the
immune environments in colorectal and renal cell carci-
noma lung metastases: influence of tumor origin. Clin
Cancer Res 2013; 19:4079-4091; PMID:23785047;
http://dx.doi.org/10.1158/1078-0432.CCR-12-3847
Cancer Genome Atlas Research Network. Comprehen-
sive molecular characterization of clear cell renal cell
carcinoma. Nature 2013; 499:43-9; PMID:23792563;
http://dx.doi.org/10.1038/nature12222

Halama N, Michel S, Kloor M, Zoernig I, Benner A,
Spille A, Pommerencke T, von Knebel DM, Folprecht
G, Luber B, et al. Localization and density of immune
cells in the invasive margin of human colorectal cancer
liver metastases are prognostic for response to chemo-
therapy. Cancer Res 2011; 71:5670-7;
PMID:21846824; htep://dx.doi.org/10.1158/0008-
5472.CAN-11-0268

Becht E, Goc ], Germain C, Giraldo NA, Dieu-Nos-
jean M, Sautés-Fridman C, Fridman WH. Shaping of
an effective immune microenvironment to and by can-
cer cells. Cancer Immunol Immunother 2014 63:991-
7; PMID:25112529; heep://dx.doi.org/10.1007/
500262-014-1590-3

Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Wald-
ner M, Obenauf AC, Angell H, Fredriksen T, Lafon-
taine L, Berger A, et al. Spatiotemporal dynamics of
intratumoral immune cells reveal the immune land-
scape in human cancer. Immunity 2013; 39:782-95;
PMID:24138885; http://dx.doi.org/10.1016/j.
immuni.2013.10.003

Mlecnik B, Bindea G, Angell HK, Sasso MS, Obenauf
AC, Fredriksen T, Lafontaine L, Bilocq AM, Kirilovsky
A, Tosolini M, et al. Functional network pipeline
reveals genetic determinants associated with in situ lym-
phocyte proliferation and survival of cancer patients.
Sci Transl Med 2014; 6:228ra37; PMID:24648340;
http://dx.doi.org/10.1126/scitranslmed.3007240
Camus M, Tosolini M, Mlecnik B, Pages F, Kirilovsky
A, Berger A, Costes A, Bindea G, Charoentong P, Bru-
neval P, et al. Coordination of intratumoral immune
reaction and human colorectal cancer recurrence. Can-
cer Res 2009; 69:2685-93; PMID:19258510; http://
dx.doi.org/10.1158/0008-5472.CAN-08-2654

Volume 4 Issue 12



