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ABSTRACT
Checkpoint blockade immunotherapy transforms many types of cancer; however, in the field of metastatic 
colorectal cancer, checkpoint blockers are only effective in microsatellite-unstable tumors, which repre-
sent only a minority of patients. Microsatellite-stable tumors are thought to be immunoresistant. A recent 
publication demonstrates that, contrary to the standard view point, the combination of chemo- 
immunotherapy could trigger a tumor-specific immune response, leading to clinical benefit.
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Introduction

Colorectal cancer (CRC) is a heterogeneous disease classified by its 
genetic characteristics. Treatment is based upon such molecular 
status. Most metastatic patients are treated in palliative care with 
chemotherapies regimen and target therapies, because when sur-
gical removal of metastases is not feasible, there is no curative 
treatment.1 A particular genetic subset of CRC is tumors with 
microsatellite instability (MSI). Such tumors present large 
immune infiltrates, and because of abnormalities in DNA repair 
enzymes, they also have a high tumor mutational burden (TMB), 
inducing significant recruitment of the immune system to the 
tumor. In 2015, it was demonstrated that immunotherapy using 
a monoclonal antibody targeting PD-1 is highly effective for MSI 
tumors and is rapidly becoming the first line of treatment for this 
population. By contrast, in MSS CRC, which represents 95% of 
CRC patients, immunotherapy is ineffective as monotherapy.2 

Resistance to immunotherapy in MSS tumors is thought to be 
due both to low rates of tumor neoantigens, which impede tumor 
cell recognition, and to immunoexclusion due to activation of the 
beta catenin pathway.3

However, many studies showed that a high T-cell infiltrate 
in the tumor is associated with a better prognosis in localized 
or metastatic CRC,4 suggesting that MSS CRC could be recog-
nized by the immune system. Immunogenic cell death inducers 
could be proposed to fight against immunoresistant tumors. 
Thus, our preclinical data showed in the CT26 model that 
combining a PD-1 inhibitor with a classical immunogenic cell 
death inducer, such as oxaliplatin, and 5-fluorouracil, a drug 
capable of eliminating myeloid-derived immunosuppressive 
cells, could enhance the efficacy of immunotherapy5 

(Figure 1). Indeed, oxaliplatin induces apoptotic death in can-
cer cells, leading to the expression of immunogenic death 

stigmas such as membrane exposure of calreticulin, release of 
ATP and HGMB1, and secretion of IFNα and CXCL10 
(Figure 1).6 Based on these data, we generated the phase 1b/2 
MEDITREME trial (NCT03202758).

Clinical and translational results

In this study, recently published in Nature Medicine,7 patients 
were treated for 3 months with a modified FOLFOX6 regimen (six 
cycles) in combination with durvalumab (anti-PD-L1) and treme-
limumab (anti-CTLA-4) as induction therapy, followed by main-
tenance therapy with durvalumab until progression. Fifty‐seven 
patients with RAS‐mutant unresectable metastatic CRC were trea-
ted. Phase I demonstrated the safety of the combination. The phase 
II primary objective of efficacy in terms of 3-, 6- and 12-month PFS 
was met, with 3-month PFS of 90.7% [95% CI: 79.2%–96%], 
6-month PFS of 60.4% [95% CI: 45.2%–72.6%] and 12-month 
PFS of 26.9% [95% CI: 15.3%–39.9%]. The response rate achieved 
was 64%, which is one of the best response rates in the first-line 
metastatic CRC in a clinical trial testing a doublet of chemotherapy 
plus targeted therapies. Importantly, 15% of patients remain free 
from relapse at 3 years despite having received only 3 months of 
chemotherapy.

In translational fashion, we have observed that patients with 
high tumor mutational burden and low chromosomal instability 
gain benefits from therapy. Baseline immune infiltrates with high 
CD8 and PD-L1 expression are associated with better treatment 
efficacy. These findings mirror those of the AtezoTRIBE trial, 
which also observed better efficacy of atezolizumab plus 
FOLFOXIRI in patients with a high immunoscore IC, which also 
consists of CD8 and PD-L1 analysis, and a high TMB.8 On the 
contrary, the fibroblastic reaction and the stigmata of immunoex-
clusion are associated with a lack of treatment efficacy. 
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Importantly, high CTLA-4 expression in the tumor is associated 
with a better response to treatment, suggesting the importance of 
CTLA-4 therapy in MSS CRC. Previous reports testing the com-
bination of an anti-CTLA-4 and an anti-PD-1/PD-L1 in third-line 
CRC (botensilimab plus balstilimab or durvalumab plus 
tremelimumab)9,10 have also showed some levels of efficacy of 
these combinations, reinforcing our findings and providing argu-
ments for the use of an anti-CTLA-4 and an anti-PD-1/PD-L1 
combination in MSS CRC.

FOLFOX is a regimen well-known as an inducer of 
immunogenic cell death, however the demonstration of 
the in vivo relevance of immunogenic cell death in patients 
still remains to be determined. In a subset of patients, 
a biopsy performed after induction of FOLFOX treatment 
showed increased T-cell infiltration and M×1induction, 
raising the argument to validate that the anticancer efficacy 
of the regimen is linked to the activation of immunogenic 
cell death.

When looking at the antitumor immune response of T cells, 
we observed the induction of a CD4 T-cell immune response 
against both the tumor antigens NY‐ESO1 and telomerase in 
the blood after chemo-immunotherapy, which is associated 
with a better outcome. Moreover, we were able to demonstrate 
that treatment induced an antitumor CD8 immune response 
against neoantigens in the blood of 7 of the 10 patients tested. 
At the tumor site, using single-cell RNA sequencing and TCR 
sequencing, we could unravel the accumulation of a clonal 
T cell response with polyfunctional T cells with high cytotoxic 
and cytokine producing properties. These intra-tumoral T cells 
have been shown to recognize CD8 dependent tumor neoanti-
gens. These data clearly demonstrate the ability of our treat-
ment combination to elicit a specific anti-tumor immune 
response and contrast with the dogma suggesting that MSS 
CRC is immuno-ignored.

Conclusions

In this study, we report the favorable clinical efficacy of 
a first-line of chemo-immunotherapy for unresectable 
metastatic MSS CRC using FOLFOX immunogenic cell 

death inducing-regimen and the combination of an anti- 
PD-L1 and an anti-CTLA-4. This is the first positive trial of 
immunotherapy in metastatic MSS CRC and highlights the 
rationale to continue developing immunotherapy combina-
tions in these patients that are able to generate a specific 
antitumor T-cell immune response. We believe that the 
selection of patients with a high immune infiltrate and 
the expression of PD-L1 and CTLA-4 could be key biomar-
kers for increasing patient response rate. This study is the 
first step in introducing chemo-immunotherapy using an 
immunogenic cell death inducer with an anti-CTLA-4 and 
anti-PD-1/PD-L1 to transform the treatment and the out-
come of this frequent cancer.
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