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AUTHOR’S VIEW

Immune sunrise: from the immunome to the cancer immune landscape
Gabriela Bindeaa,b,c, Bernhard Mlecnika,b,c,d, and Jérôme Galona,b,c

aINSERM, Laboratory of Integrative Cancer Immunology, Paris, France; bEquipe Labellisée Ligue Contre Le Cancer, Paris, France; cCentre de Recherche 
des Cordeliers, Sorbonne Université, Université de Paris, Paris, France; dInovarion, Paris, France

ABSTRACT
The complex dynamics of the tumor-immune interaction during tumor progression have been 
characterized by integrating genomic and proteomic experiments. The Immunome, a reference 
compendium of markers for the majority of immune cell subpopulations was used to describe the 
immune landscape in cancer. The immune contexture is at the cornerstone in the success of cancer 
immunotherapies. Markers with the highest clinical relevance were summarized as the consensus 
immunoscore. This immune evaluation refines the prognosis of the patients and the chemotherapy 
decision-making process and was introduced as essential and desirable diagnostic criteria into three 
major international guidelines.
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The last two decades have been marked by a major evolution in the 
understanding of how tumors develop and evolve. Cancer has 
been for a long time considered to be a multistep disease in 
which the malignant transformation of normal cells occurs pro-
gressively through dynamic alterations of the genome. 
Collaborative efforts have enhanced the knowledge of cancer 
mechanistics by highlighting the role of the local immune infiltrate 
in shaping tumors. First investigations have demonstrated that 
particular immune subpopulations infiltrating tumors, like cyto-
toxic T cells and memory T cells, were significantly associated with 
the survival of the patients.1 The intra-tumoral immune contex-
ture (i.e., type, functional orientation, density and location of 
immune cells) of solid tumors, defining the cancer immune con-
texture, could be a dominant determinant of clinical outcome.2 An 
ample effort for the characterization of the complex dynamics of 
the tumor-immune interaction during tumor progression has 
followed. We have investigated in depth the microenvironment 
of large cohorts of colorectal cancer patients in the attempt of 
having the most complete view of the intratumoral players. For 
this, we have integrated and analyzed multiple, heterogeneous 
datasets obtained from genomic and proteomic experiments per-
formed in our laboratory, as well as shared through data 
repositories.

From the immunome to the immune landscape

A very important first step was to define a standardized way of 
analyzing the immune infiltrate that provides a systematic view 
of all immune subtypes, it is reproducible and easy applicable 
to other tumor types or other diseases. Immune cells can be 
identified within tissues by specific genes preferentially 
expressed in certain experimental conditions. Although such 
specific immune markers were known already, a complete 

analysis and comparison of the transcriptome of most frequent 
immune cells was not yet done. We thus collected publicly 
available datasets derived from purified adaptive and innate 
immune cell subsets and integrated them into a data matrix. To 
improve the biomarker selection, we compared the transcrip-
tome of immune subpopulations also with samples derived 
from normal distant colon, and colorectal cancer cells. Highly 
distinctive transcriptional profiles of all cell types were selected 
as well as markers for functionally relevant groups of immune 
subpopulations or meta cell types like “T cells” (all T cell 
subtypes), T helper cells (all T helper subtypes), and 
Cytotoxic cells (CD8 T cells, gamma-delta T-cells (Tgd) and 
NK cells). This compendium profiling the majority of immune 
cell types constituted the Immunome, a standard reference that 
can be used to identify immune cells in complex tissues, 
healthy or diseased.3 We have used Immunome compendium 
to characterize the immune reaction in colorectal tumor 
microenvironments, and proposed the first immune landscape 
of tumors (Figure 1).3 The heterogeneity observed among the 
Immunome of colon cancer patients could reflect their genetic 
diversity that influences the generation of immune responses. 
Another mechanism influencing the immune cell infiltration 
could involve the chromosomal instability of chemokines and 
chemokine receptor genes. Immune densities quantified within 
the center (CT) and at the invasive margin (IM) of the tumor 
and their changes with the tumor stage were then illustrated as 
the immune landscape. This broad analysis revealed the impact 
on patient survival of all immune cells infiltrating tumors.

The Immunome was the first comprehensive compendium of 
markers of immune cell subpopulations. Nowadays the 
Immunome and other immune selections are frequently used it 
to investigate the immune infiltrate of multiple types of cancer4,5 

and other diseases. Extensive pan-cancer immunogenomic 
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analysis of The Cancer Genome Atlas (TCGA) data included the 
Immunome and revealed six stable, reproducible immune sub-
types associated with prognosis, genetic, and immune modulatory 
alterations that may shape the immune environments.5 Recent 
data provided evidence for the impact of germline genetics on the 
composition and functional orientation of the tumor immune 
microenvironment, and to the immune landscape of cancer.6 

Tumor immune environment plays an important role in prog-
nosis as well as response to therapy, thus the definition of the 
immune subtype of a tumor is essential in predicting disease 
outcome as opposed to relying solely on cancer-related features.5 

To facilitate such analyses, Immunome and other gene sets and 
tools were benchmarked into the ConsensusTME method.4

The consensus immunoscore

Moreover, markers of T cells and cytotoxic T cells, immune cells 
with the highest clinical relevance, can be now quantified in the 
CT and IM and summarized as a novel scoring system, the 
consensus Immunoscore. This is the first worldwide recognized 
and standardized consensus assay to quantify the preexisting 
immunity, internationally validated with the help of the Society 
for Immunotherapy of Cancer (SITC). Patients with a high 
Immunoscore had the lowest risk of recurrence at 5 years com-
pared to those with an intermediate or low Immunoscore.2,7 The 
consensus Immunoscore was investigated in relation with known 
tumor-related parameters in clinical relevant groups of patients 
and it was proven to be a powerful predictor of the prognosis of 
the patients.2,7 The clinical utility of Immunoscore has been 
further reinforced by the recent publications demonstrating the 
prognosis value of Immunoscore in Stage III CC patients, and its 
predictive value in response to chemotherapy.8,9 Immunoscore 
outperforms the classical Tumor-Node-Metastasis (TNM) system 
in predicting the clinical outcome in early and advanced stage 
patients with CC.7,10,11 The major role of the immune microen-
vironment in cancer development and survival of the patients was 
demonstrated from pre-cancer lesions12 to late metachronous 
metastases.13

These efforts advance the knowledge of the intertwined 
evolution of tumors with the microenvironment11 and demon-
strated the impact of a strong immunity on the tumoral 
process.1 Hallmarks of successful anticancer immunotherapy 
have been proposed.14,15 The immune contexture, including 
the type, density, localization, and functional orientation of the 
immune infiltrate has a prominent impact on anticancer 
immunity.11,14,16 Furthermore, clinical evidence showed that 
NK cells may also be a key immune constituent in the protec-
tive anti-tumor immune response.17 In addition to immuno-
suppressive effects, conventional chemotherapeutics have 
immunostimulatory effects, which can be beneficial in the 
context of immunotherapy.18–20 The effectiveness of che-
motherapy was also shown to be dependent upon the preexist-
ing intratumoral T-cells, and Immunoscore.8,9,21

Genomic alteration of malignant cells, favoring the emer-
gence of immunogenic tumor neoantigens, has been associated 
with differential T-cell responses and to sensitivity to 
immunotherapy.18,20,22 Tumor immunogenicity and immune 
cells involved in anti-tumor responses may also be affected by 
epigenomic alterations.23 In addition, DNA damage response 
(DDR) deficiency has also emerged as an important determi-
nant of tumor immunogenicity.24 Indeed, DDR-targeted thera-
pies can increase the antitumor immune response by promoting 
antigenicity, enhancing adjuvanticity and favoring reactogeni-
city by modulation of the tumor-immune cell synapse.

Most importantly, the effectiveness of immunomodulatory 
strategies depends on the presence and on the unleashing of 
preexisting immunity,25 thus it is becoming critical to understand 
the mechanisms responsible for hot, altered, or cold immune 
tumors in order to boost a weak anti-tumor immunity.15

Conclusion and Implications

The immune component of the tumor microenvironment is 
now widely recognized as a hallmark of cancer. The immune 
response measured with the consensus Immunoscore was 
introduced as essential and desirable diagnostic criteria for 

Figure 1. From the immunonome to the cancer immune landscape. (a).Transcriptome data for purified adaptive and innate immune cells (immunome). Five hundred 
seventy-seven cell-type-specific genes highly expressed by 28 purified immune cell populations (DCs, T cells, T helper cells, and NK cells) and by cells with common 
cytotoxic properties (cytotoxic cells: CD8 T cells, Tgd, and NK cells). (b) Spatial analysis and quantification of immune cell subpopulation by immunohistochemistry and 
digital pathology. (c) The immune landscape of cancer, illustrating the prognostic impact of immune cell subpopulations quantified by immunohistochemistry and 
digital pathology. The 3D visualization of the tumor immune landscape with the height of individual peaks (z axis) representing the clinical outcome visualized by log2- 
transformed HRs for DFS (disease-free survival). Blue (good outcome), Red (bad outcome)
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colorectal cancer, in the latest (5th) edition of the World Health 
Organization (WHO) Digestive System Tumors classification. 
In addition, Immunoscore was introduced into in the 2020 
European and 2021 Pan-Asian European Organization for 
Medical Oncology (ESMO) Clinical Practice Guidelines for 
gastrointestinal cancer21,26 to refine the prognosis and thus 
adjust the chemotherapy decision-making process.

Acknowledgments

The work was supported by INSERM, the LabEx Immuno-oncology, 
the Transcan ERAnet European project, the Society for 
Immunotherapy of Cancer (SITC), Association pour la Recherche 
contre le Cancer (ARC), Site de Recherche intégrée sur le Cancer 
(SIRIC) CAncer Research for PErsonalized Medicine (CARPEM), La 
Ligue contre le Cancer, The Qatar National Research Fund (QNRF) 
grant number NPRP11S-0121-180351, Assistance publique – Hôpitaux 
de Paris (AP-HP), HalioDx, Louis Jeantet Prize foundation, Agence 
Nationale de la Recherche (ANR Grant TERMM ANR-20-CE92-0001), 
and Institut National du Cancer, France (INCa).

Disclosure statement

JG and BM have patents associated with the immune prognostic 
biomarkers. JG is co-founder of HalioDx biotech, a Veracyte com-
pany. Immunoscore® a registered trademark from the National 
Institute of Health and Medical Research (INSERM) licensed to 
HalioDx.

Funding

This work was supported by the Agence Nationale de la Recherche (ANR) 
[TERMM ANR-20-CE92-0001]; The Qatar National Research Fund 
(QNRF) [NPRP11S-0121-180351].

References

1. Bindea G, Mlecnik B, Fridman WH, Galon J. The prognostic 
impact of anti-cancer immune response: a novel classification of 
cancer patients. Semin Immunopathol. 2011;33:335–340. PMID: 
21461991. doi:10.1007/s00281-011-0264-x.

2. Bruni D, Angell HK, Galon J. The immune contexture and 
Immunoscore in cancer prognosis and therapeutic efficacy. Nat 
Rev Cancer. 2020;20:662–680. PMID: 32753728. doi:10.1038/ 
s41568-020-0285-7.

3. Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner M, 
Obenauf AC, Angell H, Fredriksen T, Lafontaine L, Berger A, 
et al. Spatiotemporal dynamics of intratumoral immune cells reveal 
the immune landscape in human cancer. Immunity. 
2013;39:782–795. PMID: 24138885. doi:10.1016/j. 
immuni.2013.10.003.

4. Jiménez-Sánchez A, Cast O, Miller ML. Comprehensive bench-
marking and integration of tumor microenvironment cell estima-
tion methods. Cancer Res. 2019;79:6238–6246. PMID: 31641033. 
doi:10.1158/0008-5472.can-18-3560.

5. Thorsson V, Gibbs DL, Brown SD, Wolf D, Bortone DS, Ou 
Yang TH, Porta-Pardo E, Gao GF, Plaisier CL, Eddy JA, et al. 
The immune landscape of cancer. Immunity. 2018;48:812–830 
e814. PMID: 29628290. doi:10.1016/j.immuni.2018.03.023.

6. Sayaman RW, Saad M, Thorsson V, Hu D, Hendrickx W, 
Roelands J, Porta-Pardo E, Mokrab Y, Farshidfar F, Kirchhoff T, 
et al. Germline genetic contribution to the immune landscape of 
cancer. Immunity. 2021;54:367–386 e368. PMID: 33567262. 
doi:10.1016/j.immuni.2021.01.011.

7. Angell HK, Bruni D, Barrett JC, Herbst R, Galon J. The immuno-
score: colon cancer and beyond. Clin Cancer Res. 2020;26:332–339. 
PMID: 31413009. doi:10.1158/1078-0432.ccr-18-1851.

8. Mlecnik B, Bifulco C, Bindea G, Marliot F, Lugli A, Lee JJ, 
Zlobec I, Rau TT, Berger MD, Nagtegaal ID, et al. Multicenter 
international society for immunotherapy of cancer study of the 
consensus immunoscore for the prediction of survival and 
response to chemotherapy in stage III colon cancer. J Clin 
Oncol. 2020;JCO1903205. doi:10.1200/jco.19.03205. PMID: 
32897827.

9. Pagès F, André T, Taieb J, Vernerey D, Henriques J, Borg C, 
Marliot F, Ben Jannet R, Louvet C, Mineur L, et al. Prognostic 
and predictive value of the immunoscore in stage III colon cancer 
patients treated with oxaliplatin in the prospective IDEA France 
PRODIGE-GERCOR cohort study. Ann Oncol. 2020;31:921–929. 
PMID: 32294529. doi:10.1016/j.annonc.2020.03.310.

10. Bindea G, Mlecnik B, Angell HK, Galon J. The immune landscape 
of human tumors: implications for cancer immunotherapy. 
Oncoimmunology. 2014;3:e27456. PMID: 24800163. doi:10.4161/ 
onci.27456.

11. Galon J, Bruni D. Tumor immunology and tumor evolution: inter-
twined histories. Immunity. 2020;52:55–81. PMID: 31940273. 
doi:10.1016/j.immuni.2019.12.018.

12. Mascaux C, Angelova M, Vasaturo A, Beane J, Hijazi K, 
Anthoine G, Buttard B, Rothe F, Willard-Gallo K, Haller A, et al. 
Immune evasion before tumour invasion in early lung squamous 
carcinogenesis. Nature. 2019;571:570–575. PMID: 31243362. 
doi:10.1038/s41586-019-1330-0.

13. Angelova M, Mlecnik B, Vasaturo A, Bindea G, Fredriksen T, 
Lafontaine L, Buttard B, Morgand E, Bruni D, Jouret-Mourin A, 
et al. Evolution of metastases in space and time under immune 
selection. Cell. 2018;175:751–765 e716. PMID: 30318143. 
doi:10.1016/j.cell.2018.09.018.

14. Galluzzi L, Chan TA, Kroemer G, Wolchok JD, López-Soto A. The 
hallmarks of successful anticancer immunotherapy. Sci Transl 
Med. 2018;10 PMID: 30232229. doi:10.1126/scitranslmed.aat7807.

15. Galon J, Bruni D. Approaches to treat immune hot, altered and 
cold tumours with combination immunotherapies. Nat Rev 
Drug Discov. 2019;18:197–218. PMID: 30610226. doi:10.1038/ 
s41573-018-0007-y.

16. 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. doi:10.1126/ 
science.1129139.

17. Huntington ND, Cursons J, Rautela J. The cancer-natural killer 
cell immunity cycle. Nat Rev Cancer. 2020;20:437–454. PMID: 
32581320. doi:10.1038/s41568-020-0272-z.

18. Dall’Olio FG, Marabelle A, Caramella C, Garcia C, Aldea M, 
Chaput N, Robert C, Besse B. Tumour burden and efficacy of 
immune-checkpoint inhibitors. Nat Rev Clin Oncol. 2021. 
PMID: 34642484. doi:10.1038/s41571-021-00564-3.

19. Galluzzi L, Humeau J, Buqué A, Zitvogel L, Kroemer G. 
Immunostimulation with chemotherapy in the era of immune 
checkpoint inhibitors. Nat Rev Clin Oncol. 2020;17:725–741. 
PMID: 32760014. doi:10.1038/s41571-020-0413-z.

20. Vitale I, Shema E, Loi S, Galluzzi L. Intratumoral heterogeneity 
in cancer progression and response to immunotherapy. Nat 
Med. 2021;27:212–224. PMID: 33574607. doi:10.1038/s41591- 
021-01233-9.

21. Argilés G, Tabernero J, Labianca R, Hochhauser D, Salazar R, 
Iveson T, Laurent-Puig P, Quirke P, Yoshino T, Taieb J, et al. 
Localised colon cancer: ESMO clinical practice guidelines for diag-
nosis, treatment and follow-up. Ann Oncol. 2020;31:1291–1305. 
PMID: 32702383. doi:10.1016/j.annonc.2020.06.022.

22. Hiam-Galvez KJ, Allen BM, Spitzer MH. Systemic immunity in 
cancer. Nat Rev Cancer. 2021;21:345–359. PMID: 33837297. 
doi:10.1038/s41568-021-00347-z.

ONCOIMMUNOLOGY e2019896-3

https://doi.org/10.1007/s00281-011-0264-x
https://doi.org/10.1038/s41568-020-0285-7
https://doi.org/10.1038/s41568-020-0285-7
https://doi.org/10.1016/j.immuni.2013.10.003
https://doi.org/10.1016/j.immuni.2013.10.003
https://doi.org/10.1158/0008-5472.can-18-3560
https://doi.org/10.1016/j.immuni.2018.03.023
https://doi.org/10.1016/j.immuni.2021.01.011
https://doi.org/10.1158/1078-0432.ccr-18-1851
https://doi.org/10.1200/jco.19.03205
https://doi.org/10.1016/j.annonc.2020.03.310
https://doi.org/10.4161/onci.27456
https://doi.org/10.4161/onci.27456
https://doi.org/10.1016/j.immuni.2019.12.018
https://doi.org/10.1038/s41586-019-1330-0
https://doi.org/10.1016/j.cell.2018.09.018
https://doi.org/10.1126/scitranslmed.aat7807
https://doi.org/10.1038/s41573-018-0007-y
https://doi.org/10.1038/s41573-018-0007-y
https://doi.org/10.1126/science.1129139
https://doi.org/10.1126/science.1129139
https://doi.org/10.1038/s41568-020-0272-z
https://doi.org/10.1038/s41571-021-00564-3
https://doi.org/10.1038/s41571-020-0413-z
https://doi.org/10.1038/s41591-021-01233-9
https://doi.org/10.1038/s41591-021-01233-9
https://doi.org/10.1016/j.annonc.2020.06.022
https://doi.org/10.1038/s41568-021-00347-z


23. Hogg SJ, Beavis PA, Dawson MA, Johnstone RW. Targeting the 
epigenetic regulation of antitumour immunity. Nat Rev Drug 
Discov. 2020;19:776–800. PMID: 32929243. doi:10.1038/s41573- 
020-0077-5.

24. Chabanon RM, Rouanne M, Lord CJ, Soria JC, Pasero P, Postel- 
Vinay S. Targeting the DNA damage response in 
immuno-oncology: developments and opportunities. Nat Rev 
Cancer. 2021;21:701–717. PMID: 34376827. doi:10.1038/s41568- 
021-00386-6.

25. Vacchelli E, Eggermont A, Galon J, Sautes-Fridman C, Zitvogel L, 
Kroemer G, Galluzzi L. Trial watch: monoclonal antibodies in 
cancer therapy. Oncoimmunology. 2013;2:e22789. PMID: 
23482847. doi:10.4161/onci.22789.

26. Yoshino T, Argilés G, Oki E, Martinelli E, Taniguchi H, Arnold D, 
Mishima S, Li Y, Smruti BK, Ahn JB, et al. Pan-Asian adapted ESMO 
clinical practice guidelines for the diagnosis treatment and follow-up of 
patients with localised colon cancer. Ann Oncol. 2021;32:1496–1510. 
PMID: 34411693. doi:10.1016/j.annonc.2021.08.1752.

e2019896-4 G. BINDEA ET AL.

https://doi.org/10.1038/s41573-020-0077-5
https://doi.org/10.1038/s41573-020-0077-5
https://doi.org/10.1038/s41568-021-00386-6
https://doi.org/10.1038/s41568-021-00386-6
https://doi.org/10.4161/onci.22789
https://doi.org/10.1016/j.annonc.2021.08.1752

	Abstract
	From the immunome to the immune landscape
	The consensus immunoscore
	Conclusion and Implications
	Acknowledgments
	Disclosure statement
	Funding
	References

