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We thank Oh, Lee and Lockhart for their well-informed
comment. In addition to an accurate summary of our
work, it provides a relevant discussion in light of the
recent immunotherapy trials in colorectal cancer (CRC).
The authors notably cite the work of Le and colleagues
who have shown the association between response
to Pembrolizumab and the microsatellite-instable
(MSI]) status of CRC tumors (1). Indeed, the immune
contexture of MSI CRC tumors supports PD-1 blockade
as a potential immunotherapeutic modality (2). This
susceptibility is likely due to the high mutational burden
of these tumors, which in turns leads to the expression
of many potentially immunogenic peptides. Consistent
observations have been reported in lung adenocarcinoma,
where mutational burden has been shown to be associated
with response to anti-PD1 treatment (3). Our work
suggests that consensus molecular subgroup (CMS) 1,
or CMS1 tumors, would likely respond to checkpoint
blockade treatments, as we observed a high abundance
of cytotoxic lymphocytes in these tumors, as well as
the expression of the PD-1 ligands’ genes (CD274 and
PDCDILG?2). Strikingly, although MSI has been known
to be associated with high immune infiltration, our data
showed that the CMS classification was more predictive of
the infiltration by cytotoxic lymphocytes than MSI status
(Figure 1). We can thus hypothesize that the benefit of
anti-PD1 treatments may extend to CMS1-microsatellite
stable (MSS) tumors, while MSI non CMSI1 tumors may
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Figure 1 Abundance estimates of cytotoxic lymphocytes
according to consensus molecular subgroup (CMS) subgroups and
microsatellite-instable (MSI) status. Abundance estimates were
obtained using MCP-counter v0.1.0. Dataset: Gene Expression
Omnibus, accession number GSE39582.

not respond. Mutational burden is another possible marker
of response that has not been yet completely addressed in
CRC. It is highly correlated with MSI (which represent
about 75% of hypermutated CRC tumors) (4), but other
molecular phenotypes may lead to an hypermutated tumor
genome, notably the POLE mutations (4). Mutational load
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is also correlated with CMS subtypes, with CMS1 showing
the highest mutational burden (5). Carefully-designed
clinical trials including CMS annotations, MSI status and
mutational burden will thus be required to really pinpoint
the best marker of response to these therapies.

Our data have shown that CMS4 tumors had higher
infiltration by CD8 T cells than CMS2 and CMS3
subgroups (6). It is thus tempting to postulate that these
patients may respond to checkpoint-blockade therapies.
Given the abysmal response rate reported by Le ez 4/. in
MSS CRC for Pembrolizumab (1), it is however unlikely that
CMS4 tumors are good responders to PD-1-blockade alone.
However, our work revealed that, aside from cytotoxic
lymphocytes, CMS4 tumors are highly inflammatory and
angiogenic. These additional features have been shown to
promote immunosuppression through mechanisms that may
be distinct from checkpoint-related immunosuppression,
notably through the promotion regulatory phenotypes for
T cells and myeloid cells (7). It may thus be necessary to
use combination of immunotherapies in CMS4 tumors,
targeting the redundant immunosuppressive mechanisms
involved (7).

Our data reveal that CRC immune-oncology may be
more complex than previously-thought. We have shown
a decade ago that CD8 infiltration is associated with
favourable outcome in CRC (8), and that it was associated
with expression of CXCL9, CXCL10 and IFNG (9). These
markers almost perfectly correlate with the CMS1 subtype
of favourable outcome. However, our work showed that
the poor-prognosis CMS4 subgroup has an intermediate
infiltration with CD8 T cells, challenging the idea of a
monotonic relationship between CD8 T cells abundance
and overall survival, and suggesting that multiple cellular
and molecular markers need to be measured simultaneously
to accurately describe the microenvironment of a given
tumour subgroup. This problem is even more apparent in
exploratory research, where a large number of potential
markers have to be measured. In that regard, we and others
(6,10) have shown that leveraging high-dimensional data,
such as tumor transcriptomes, provide a rapid estimate of
the abundances of multiple cellular populations. The large
amount of publically-available transcriptomic data can
thus help formulate hypothesis on which restricted set of
cellular markers may be associated with disease subtypes or
response to treatments, and study the association between
immunological, genomic and clinical features of tumors on
the same datasets.
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