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Editorial

Immunoscore—has it scored for colon cancer precision medicine?
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For patients with early-stage resectable colon cancer, the 
principal method for determining prognosis is based on 
histopathological characterization of the tumor, including 
the depth of tumor penetration (T stage) and spread to 
nearby lymph nodes (N stage), with the American Joint 
Committee on Cancer (AJCC) staging system perhaps the 
most widely used risk classification system. Other tumor 
risk parameters considered in clinical practice include grade 
of differentiation, lymphovascular and perinuclear invasion, 
microsatellite instability (MSI) status, inadequately sampled 
lymph nodes, and obstruction or perforation of the bowel at 
presentation (1).

High levels of tumor-infiltrating lymphocytes have 
been associated with lower rates of recurrence and longer 
survival in patients with colon cancer in multiple studies 
(2-9). Studies of lymphocyte sub-populations have further 
related better outcomes to the host adaptive T-lymphocytic 
response including CD3+, CD57+, CD8+, CD45RO+ 
or FOXP3+ cells (7,10,11). Despite strong evidence of 
prognostic value, the assessment of tumor-infiltrating 
lymphocytes has not entered routine clinical use due to a 
lack of endorsed scoring systems with robust validation.

To address this deficit, the international Immunoscore 
project (12,13) was established to develop and evaluate 
a standardized approach for testing a set of consensus 
immune markers, with results recently presented by 
Pagès and colleagues in The Lancet (14). A consortium of  
14 centers in 13 countries from North America, Europe and 

Asia assessed a predefined Immunoscore assay in patients 
with stage I–III colon cancer, assigned to a training set (TS), 
an internal validation set (IVS), or an external validation 
set (EVS). The densities of CD3+ and CD8+ T cells were 
determined in the tumor center and invasive margin regions 
using digital image-analysis on immunostained sections. 
Measurements were assigned into percentiles based on the 
distribution of results observed in a reference population, 
defined as the combined TS and IVS cohorts, although use 
of information from the latter to some extent diminishes 
the independence of the IVS cohort in terms of the 
presented validation. The Immunoscore for each patient 
was calculated as the mean of the four percentiles obtained 
for CD3+ and CD8+ T cell counts at either the tumor 
center or invasive margin. Immunoscores were categorized 
into three groups, with a mean percentile 0–25%, 25–70%, 
70–100% as Immunoscore-low, -intermediate and -high, 
respectively. The lower (25%) and upper (70%) thresholds 
were selected from the TS cohort data to generate balanced 
proportions of patients within each Immunoscore group, 
with approximately one quarter of samples in the both the 
low and high categories. However, no detailed assessment 
of the appropriateness of these thresholds for classification 
of outcomes was presented, and formal determination 
of optimal cut-offs may perhaps result in an improved 
identification of low- and high-risk individuals.

Out of 3,539 patients with processed samples, the 
Immunoscore assay was successfully performed for 90% 
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of individuals, demonstrating broad applicability, with  
357 patients excluded after biomarker quality control 
(missing CD3+ or CD8+ T cell counts at either tumor 
center or invasive margin, or low staining quality). A 
further 577 patients were excluded after clinical data 
quality control. Among the 2,681 patients included in the 
analyses, 700 were assigned to the TS, 636 to the IVS 
and 1,345 to the EVS cohorts. In a set of control slides 
distributed between centers, the Immunoscore assay yielded 
staining intensities within a 20% maximum deviation of the 
intensity from the adjacent slide stained by the reference 
center for >80% of slides. While indicating a generally high 
staining homogeneity, it would be of interest to propagate 
this information with respect to prediction uncertainty 
for patient classification. Re-analysis of selected images 
from 36 tumors representing Immunoscores ranging 
from the 2.5th to the 90th percentile by eight pathologists 
from different centers demonstrated strong interobserver 
reproducibility (r=0.97 for tumor center; r=0.97 for 
invasive margin). However, some departure from the line 
of equality was evident for Immunoscores determined by 
different observers, which might impact the consistency of 
classification of patients into prognostic groups (see data 
presented in article Figure 2D and Figure S6D).

In comparison, visual assessment of the density of tumor 
infiltrating T cells in a subset of 268 tumors stained with 
haematoxylin and eosin by 11 independent evaluators 
was reported to yield low reproducibility. Although 
this assessment was guided by a set of reference slides 
(three slides each for Immunoscore-high, -intermediate 
and -low groups), it remains unclear whether higher 
reproducibility could have been achieved with more detailed 
standardization of the scoring system as described by others 
or the use of digital image analysis (9,15-18).

The results presented by Pagès et al. validate the 
consensus Immunoscore as a prognostic assay for 
recurrence-free survival (primary endpoint), disease-free 
survival and overall survival in patients with stage I–III colon 
cancer. In the TS, IVS and ES cohorts, risk of recurrence at 
3 years was 5%, 6% and 14% for the Immunoscore-high, 
17%, 10% and 24% for the Immunoscore-intermediate 
and 26%, 20% and 36% for the Immunoscore-low groups, 
respectively. In the Cox multivariable analysis stratified by 
center, the Immunoscore association with outcome was 
independent of patient age, gender, T stage, N stage and 
MSI. However, other available prognostic variables such 
as grade of differentiation, lymphovascular and perinuclear 
invasion were not included in the models and would 

have been of interest to consolidate the evidence for the 
independent prognostic value of the Immunoscore. In 
addition, adjuvant chemotherapy use was not considered 
which would appear to be a major omission. The 
Immunoscore was valid across North American, European 
and Asian populations when comparing Immunoscore-high 
versus -low groups for recurrence-free survival, although 
this was only presented for univariate analysis. Whether 
population-specific reference distributions could improve 
predictions remains to be fully explored.

Combining all cohorts, the Immunoscore had a similar 
predictive accuracy for overall survival as T and N stage 
when assessed as single biomarkers, as quantified by the 
integrated area under the ROC curve (iAUC) with 1,000× 
bootstrap resampling. Furthermore, the addition of 
Immunoscore to a model comprising all available prognostic 
variables (age, gender, T stage, N stage, MSI, mucinous 
histology, sidedness, venous emboli, lymphatic invasion, 
perineural invasion, differentiation) resulted in a statistically 
significant model improvement. However, the observed 
increase in iAUC was only from 0.60 to 0.62, where  
0.5 corresponds to random prediction and 1.0 to perfect 
prediction (these data are presented in article Figure 4A).  
The utility of the Immunoscore for individual patient 
predictions, even when combined with other variables, thus 
appears to remain limited. Corresponding results were not 
reported for recurrence-free and disease-free survival.

MSI was found to be strongly associated with a high 
Immunoscore (45% in MSI vs. 21% in MSS cancers across 
all cohorts), consistent with previous findings (9,19) and 
likely related to the higher neoantigen load in MSI tumors 
(20,21). In multivariable, stratified Cox models combining 
MSI status with the Immunoscore, MSI remained a 
significant factor for time to recurrence but was not a 
significant factor for disease-free and overall survival and 
was dependent on Immunoscore. Given the emerging use 
of immunotherapy agents in metastatic MSI colon cancer, 
exploration of the Immunoscore as a predictive marker for 
patients presenting with metastatic disease and undergoing 
resection of the primary tumor will be of high interest.

A subgroup analysis was presented for patients with 
stage II colon cancer, for whom adjuvant chemotherapy 
use is contentious and restricted to patients with high-risk 
features including T4 stage, inadequately sampled lymph 
nodes, high grade, lymphovascular or perineural invasion, 
and obstruction or perforation of the bowel at presentation 
(1,22). Using the three-category Immunoscore, patients 
with stage II colon cancer and high Immunoscore had a 
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3-year risk of recurrence of 6%, compared to 11% and 
20% for patients with intermediate and low Immunoscore, 
respectively. The Immunoscore was significant in 
multivariable, stratified Cox models for recurrence-free, 
disease-free and overall survival, and was further reported 
to be prognostic for stage II patients with MSS cancers who 
were not receiving chemotherapy, although details for the 
latter comparison were not provided. These data suggest 
that the Immunoscore may be of utility for prediction 
of prognosis in low-risk stage II patients, although this 
was based on the combined cohorts (TS, IVS & EVS) 
and findings were not discussed in the context of clinical 
decision making. The potential impact of using the 
Immunoscore for guiding adjuvant treatment allocation for 
patients with stage II colon cancer thus remains uncertain 
and will require further investigation. 

In conclusion, the results presented by Pagès et al. 
establish reproducibility and robustness of the consensus 
Immunoscore assay in patients with stage I–III colon cancer 
and validate the Immunoscore as a promising prognostic 
factor. Prospective studies will now be required to test the 
value of the Immunoscore for guiding clinical decisions 
beyond the use of routine clinical and histopathological 
parameters. Perhaps the most relevant application is for 
directing adjuvant treatment decisions in stage II patients, 
while utility would appear limited given current routine 
practice for stage I (surgery only) or stage III disease (surgery 
plus adjuvant chemotherapy where possible). The clinical 
value of the Immunoscore also needs to be viewed in the 
context of other emerging technologies for identification 
of patients at high risk of recurrence such as molecular 
classification systems and liquid biopsy approaches (23,24). 
A recent analysis of circulating tumor DNA (ctDNA) to 
detect minimal residual disease in patients with stage II 
colon cancer has demonstrated very high accuracy (24);  
perhaps the Immunoscore could play a role in identifying 
patients for ctDNA analyses. Some challenges remain 
with respect to the practical implementation of the 
consensus Immunoscore, including decreasing the 
number of patients for whom the Immunoscore cannot 
be measured, and definition of the baseline dataset against 
which Immunoscore percentiles will be scored. Given 
the reliance of the Immunoscore assay on a reference 
population for classification into three prognosis groups, 
monitoring of calibration between pathology providers will 
be a key concern. Identification of the reasons underlying 
the variation in tumor immune cell infiltrates, beyond 
neoantigen load, remains an active area of research. The 

tumor microenvironment, intestinal microbiota, patient 
genetics, comorbidities, diet and use of medications may 
play important roles. The development of a standardized 
Immunoscore assay opens new avenues for robust 
population-scale cancer immunology research, and if 
clinical utility and cost-effectiveness are proven, provides a 
template for implementation into clinical practice.
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