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ABSTRACT
This review details the analytical performance characteristics of the consensus Immunoscore, measuring 
the immune response to cancer, improving the estimation of risk of recurrence, and predicting response 
to treatment for patients with colon cancer. The analytical validation of Immunoscore has been docu
mented. Immunoscore is a robust, reproducible, quantitative, and standardized immune assay, with a high 
prognostic performance, independent of all of the prognostic markers currently used in clinical practice. 
Immunoscore evaluation within the tumor microenvironment is clinically relevant, and Immunoscore was 
recently introduced into ESMO Clinical Practice Guidelines for colon cancer and into the WHO classifica
tion of the Digestive System Tumors. This paves the way for the use of Immunoscore in clinical practice in 
colorectal tumors and likely soon in many other solid tumors.
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Usefulness of Immunoscore

The tumor microenvironment is composed of diverse and 
heterogeneous immune infiltrates of almost all immune cell 
types. The different subpopulations of immune cells are asso
ciated with variable prognostic significance.1,2 Multiple ana
lyses and meta-analyses have highlighted the role 
T lymphocytes and cytotoxic T-cells having a major influence 
on patient survival. 1–7,8 The positive impact of lymphocytic 
infiltration the tumor on survival was first reported in 1921.2 

Almost a century later, this parameter is just been introduced 
into daily routine clinical practice in colon cancer. Indeed, the 
immune response, as measured by Immunoscore, was intro
duced for the first time into the latest (5th) edition of the 
WHO Digestive System Tumors as “essential and desirable 
diagnostic criteria for colorectal cancer”. Furthermore, the 
2020 ESMO Clinical Practice Guidelines for colon cancer 
included Immunoscore to refine the prognosis and thus 
adjust the chemotherapy decision-making process. This 
further supports the introduction of a new TNM-Immune 
(TNMI) classification system in clinical practice. Difficulties 
in the past for introducing immune markers into cancer 
prognostic evaluation was two-fold (i) it was long thought 
by oncologists, geneticists, and pathologists that the immune 
infiltration was irrelevant, or was the consequence of 
a chronic inflammation feeding the tumor, (ii) the infiltrating 
immune cells were difficult to report due to their complex 
phenotype and a lack of standardized methodology leading to 
inter-observer variability between pathologists.

We showed that the densities of T-cells and cytotoxic T-cells 
predicted clinical outcome at all stages of colorectal cancer. 
Furthermore, multivariable analyses revealed that tumor pro
gression (T-stage) and invasion (N-stage) were statistically 
dependent upon these immune cells. The quantification of 
these cells within specific tumor regions (invasive margin and 
tumor core) has been standardized in an assay called 
Immunoscore. Recently, an international consortium imple
mented and validated a Consensus Immunoscore to predict the 
clinical outcome in stage I–III patients colon cancer.9 

Univariable and multivariable analyses showed the major prog
nostic value of Immunoscore to predict recurrence and overall 
survival. Not only a biomarker has to be powerful, but also 
importantly it has to be accurate and reproducible. Multiple 
studies and analysis were performed to validate the analytical 
performance of Immunoscore.

Robustness of Immunoscore

The biological variability of the tumor was evaluated. Several 
FFPE tumor tissues blocks of colon cancer are often eligible for 
Immunoscore testing and a wide range of slide-cutting levels 
can be achieved within the same tumor block. This raises the 
question of whether the Immunoscore is impacted or not by 
tumor heterogeneity.

A selected FFPE block from the tumor of each patient 
(n = 166) has been quantified and compared to a random 
FFPE block from the same tumor (Figure 1). CD3+ and CD8 
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+ immune densities were quantified. The Immunoscore per
centile values remained remarkably constant between the 
blocks. The correlation coefficient were R = 0.94 and R = 0.97 
for CD8 and CD3, respectively. The concordance between 
results obtained with the selected blocks and the random 
blocks were 93% (95% CI 88–96%).10

Furthermore, tumor block (n = 10) were cut into 100 adja
cent slides, and a total of 13 slides per block were quantified at 
the cutting-levels 1, 3, 5, 7, 9, 20, 30, 40, 50, 60, 70, 80, 99.10 

Regardless of the cutting-levels, densities of immune cells and 
Immunoscore categories remained remarkably similar. Indeed, 
the repeatability of Immunoscore was evaluated on all cases 
and revealed excellent accuracy (95.7%), sensitivity (94.8%), 
specificity (100%), and an overall ROC Area of 0.99.

The technical variability of the method was evaluated with 
lot-to-lot reproducibility and Immunoscore assay precision 
measurements. Consecutive slides from three colon cancers 
were assessed for CD3+ and CD8 + T cells densities using 

three different antibody lots, three DAB revelation kit lots, 
two different Benchmark autostainers, three different runs, 
and three different operators. A concordance of 100% was 
observed between Immunoscore categories.10

The analytical variability of the quantification by digital 
pathology was evaluated. Representative cases (n = 36) of the 
whole international SITC cohort were taken from centers in 
Belgium, Canada, China, France, and USA, and were re- 
analyzed by eight independent pathologists from different cen
ters. Selected images of tissue stained for CD3 and CD8, with 
Immunoscores ranging from 2.5th to 90th percentiles were re- 
quantified. Determination of mean cell densities in each tumor 
region revealed a strong inter-observer reproducibility 
(r = 0.97 for tumor; r = 0.97 for invasive margin; p < .0001). 
Only 2.1% variation in CD3+ and CD8 + T-cell densities were 
detected between the 8 observers.9 This shows the reproduci
bility of Immunoscore within the ranges of immune cell den
sities observed in colon tumors.

Figure 1. Immunoscore analytical validation. (a) Inter-assay repeatability, block repeatability, image density reproducibility, inter-laboratories reproducibility and 
Immunoscore concordance. (b) Representative cases (n = 36) of the whole international SITC cohort were taken from centers in Belgium, Canada, China, France, and 
USA, and were re-analyzed by 8 independent pathologists from different centers, using the Immunoscore digital pathology software (left). The reproducibility of the 
results of the Immunoscore were compared with that of a visual assessment of the density of tumor-infiltrating immune cells in tumor tissue stained with hematoxylin 
and eosin (HE). HE-images from representative cases (n = 268) from the international SITC cohort were visually assessed by 11 observers the density of tumor-infiltrating 
immune cells (right). Concordance index is visualized for 25 representative cases (red dots).
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A full assessment of Immunoscore reproducibility was 
performed in two laboratories. Each laboratory had its own 
Immunoscore workflow including staining, scanning, and 
analysis. Nonconsecutive cutting slides from the same 
tumor block were used to assess Immunoscore of 100 repre
sentative cases. The inter-laboratory correlation for CD3 
+ and CD8+ cells were 0.94 (p < .001) and the overall 
categorical Immunoscore concordance between the two cen
ters was 93%. This also included biological variability of the 
tumor.10

The reproducibility of the results of the Immunoscore were 
compared with that of a visual assessment of the density of 
tumor-infiltrating immune cells in tumor tissue stained with 
hematoxylin and eosin (HE). HE-images from representative 
cases (n = 268) from the international SITC cohort were 
assessed by 11 observers. Only 4% of cases were concordant 
between all observers, 8% of cases were concordant between 
90% of observers, 8% of cases were concordant between 80% of 
observers, 16% of cases were concordant between 70% of 
observers and discordant for 30% of observers, 19% of cases 
were concordant between 60% of observers and discordant for 
40% of observers, and a total absence of concordance (50% 
discordance) was evident in 45% of the cases.9 By contrast, 88% 
perfect concordance between observers was evident for 
Immunoscore. Thus, Immunoscore performance surpassed 
greatly those from visual assessment. Furthermore, tumor- 
infiltrating immune cells evaluated on HE images and 
Immunoscore did not measure the same parameters. Indeed, 
48% discordance was found between the Immunoscore and the 
density of tumor-infiltrating immune cells, as determined by 
visual assessment. Overall, the consensus Immunoscore quan
tification was standardized, reproducible, robust, and 
quantitative.

Conclusion

Immunoscore can provide new information on host-defense 
against the tumor, which is an essential element in the success of 
immunotherapy and of any cancer therapy mobilizing the 
immune response.11–14 Indeed, the international Immunoscore 
consortium recently demonstrated that Immunoscore predicted 
survival and response to chemotherapy in 763 Stage III colon 
cancer (CC) patients. 15 The prognostic value of Immunoscore 
was confirmed in two independent phase 3 clinical trials 
(NCCTG-N0147, n = 559; Prodige-IDEA, n = 1062).16,17 

Moreover, results from IDEA phase 3 randomized trial revealed 
the predictive value of Immunoscore for response to adjuvant 
FOLFOX chemotherapy duration.16 The consensus 
Immunoscore assay has been developed as an in vitro diagnostic 
test (CE-IVD) to help guide treatment strategies, and is available in 
FDA CLIA-certified laboratories for routine use. Given the very 
high level of evidence of the clinical utility of Immunoscore and 
given its robustness, Immunoscore is an essential and desirable 
assay for patient care management.
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