Cancer Cell

¢? CellPress

Mutation burden and anti-PD-1 outcomes
are not universally associated with immune cell
infiltration or lymphoid activation
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Cancers are conventionally classified as
“hot” tumors that are associated with
high tumor mutation burdens (TMBs) and
tumor-infiltrating immune cells or “cold”
tumors associated with a dearth of neoan-
tigens and immune cell exclusion.” This
dichotomy is frequently used to define
the degree of pre-existing immune cell
reactivity within the tumor microenviron-
ment and has been linked to clinical
outcomes including the efficacy of im-
mune checkpoint inhibitor (ICl) treat-
ment." Recently, cancer-agnostic im-
mune gene expression  signatures
(IGESs) denoting “hot” tumors, including
the interferon-gamma (IFN-y) and T cell-
inflamed scores, have been derived from
clinical cohorts as putative cancer-
agnostic predictors of ICI treatment
response in diverse cancer types.>™
Whether TMB or ICI benefit is robustly
associated with “hot” tumors defined
by pre-existing immune characteristics
across diverse cancer histologies remains
ambiguous. Herein, we sought to address
the following outstanding questions: (1)
are IGESs used to identify “hot” and ICI-
sensitive tumors associated with TMBs
or long-term ICI responders across
diverse cancer types; (2) similarly, is the

composition of infiltrating immune cells
agnostically associated with TMBs or
long-term survivors after ICl; and lastly
(8) do immune characteristics account
for the variable response rates to ICls
across cancer types?

To assess how immune characteristics
are related to TMB and ICI outcomes,
we analyzed a large real-world clinico-
genomic dataset (Caris) comprised of
27,810 patients treated with anti-PD-
1/L1 therapies for advanced stage
microsatellite-stable cancers distributed
across 26 different histological entities.
Cancer specimens were subject to PD-
L1 immunostaining, DNA sequencing,
and whole-transcriptome sequencing
followed by immune cell deconvolution.
Details of our methodology are included
in the supplemental information.

To evaluate whether cancers harboring
high TMBs are associated with particular
immune cell phenotypes, we compared
the immune characteristics of TMB-high
(cancers with TMBs in the top 80" percen-
tile for that histology) versus TMB-low can-
cers (TMBs less than 80" percentile in
that histology). Among TMB-high cancers
across 26 histologies, PD-L1 expression
was significantly enriched (q < 0.05) in 6

cancers but depleted in breast cancer
(Figure S1A). In TMB-high cancers, the
IFN-y and T cell-inflamed score was en-
riched in 9 and 4 cancer types, respectively
(Figure S1A). CD8" T cells were enriched in
TMB-high cancers for 10 cancer histol-
ogies, while 11 histologies showed no
evidence of increased infiltration of any im-
mune cell population in TMB-high cancers
(Figure S1A). Similar results were observed
when TMB-high cancers were defined
using a flat cut-off of 10 mut/Mb.
These results indicate that IGESs and infil-
trating immune cells implicated in anti-
tumor responses are only associated
with TMB in a minority of cancer types.
Sensitivity analyses were performed after
stratifying patients by age and sex (for rele-
vant cancer types), which demonstrated
conserved associations between gene sig-
natures and immune features with TMB.
We next assessed whether immune
activity differed between long-term re-
sponders to ICls, defined as patients with
a duration of ICI treatment in the top 80™
percentile in each histology. Across 26
histologies, PD-L1 expression, T cell in-
flamed, and IFN-y scores were increased
in long-term responders in 6, 6, and 9 can-
cer types, respectively (Figure S1A). CD8*
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T cells were enriched in long-term re-
sponders across 8 histologies with consid-
erable overlap with cancer types that also
demonstrated increased gene signature
scores (Figure S1A). Other immune cell
types including B, M1 macrophage, den-
dritic, CD4* T, and Treg cells were co-en-
riched with CD8" T cells among long-
term responders in several histologies
(Figure S1A). Similar results were observed
when we examined immune features
among long-term ICI survivors, defined
as patients with an overall survival length
calculated from the time of first ICl admin-
istration to last contact or death among
the top 80" percentile in each histology.
PD-L1 expression, T cell inflamed, and
IFN-y scores were increased in long-term
responders in 3, 8, and 8 cancer types,
respectively (Figure S1A). CD8* T cells
were enriched in long-term survivors
across 8 histologies, of which 7 cancer
types also demonstrated CD8" T cell
enrichment in long-term responders.
Among long-term survivors, unique im-
mune features included increased natural
killer cell infiltration in renal cell carcinoma,
non-small cell lung adenocarcinoma, and
mesothelioma and the depletion of M1
macrophages in head and neck and neuro-
endocrine cancers (Figure S1A). A notable
finding among long-term responders and
survivors of vulvar cancers was the enrich-
ment and depletion of dendritic cells and
neutrophils, respectively (Figure S1A).
Collectively, these results indicate that
IGESs and infiltrating immune cells are
not associated with ICI long-term re-
sponders or survivals in many histologies
and that many immune features associ-
ated with outcomes across histologies
appear idiosyncratic, without consistent
patterns of immune cell enrichment or
depletion between cancer types. Impor-
tantly, subgroup analyses stratifying pa-
tients by sex (male versus female), line of
ICl therapy use (first versus subsequent
line), and tissue location (primary versus
metastatic site) for relevant cancer types
showed nearly identical associations be-
tween immune features and ICl outcomes
across subgroups.

Given that IGESs and immune infiltra-
tion were not universally increased
among TMB-high cancers or long-term
ICI responders within individual histol-
ogies, we examined whether immune
features may explain variations in ICI out-
comes across cancer types. To explore
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this, we plotted the previously reported
objective response rates (ORRs) to
monotherapy ICls observed in prospec-
tive trials against PD-L1 expression,
IGES scores, and CD8"* T cell infiltration
across the 26 cancer histologies exam-
ined in the Caris cohort (Figure S1B).>°
Because survival lengths after ICls vary
between different cancer types due to
differences in tumor biology and post-
treatment clinical progression patterns,
we analyzed ORRs to ICls, which pro-
vides a comparable metric of drug
activity across cancer types. This anal-
ysis revealed no significant correlations
between PD-L1 expression, T cell in-
flamed, and IFN-y scores with the ORRs
to ICIs (Figure S1B). In contrast, there
was a low but significant correlation
(Pearson r = 0.4, p value = 0.04) between
CD8" T cell infiltration and ORRs,
with an explained variance of 16.3%
(Figure S1B). By comparison, TMB and
ORRs were found to be strongly corre-
lated (Pearson r = 0.75, p value < 0.001)
with an explained variance of 55.5%,
consistent with prior studies. Examining
correlations between TMB versus PD-
L1 expression, IGES scores, and CD8"
T cell infiltration showed no significant
associations. Taken together, these re-
sults indicate that the immune character-
istics examined are not instructive of ICI
sensitivity across many cancer types or
TMBs. A caveat of this analysis is that
the underlying patient population used
to derive ICI ORRs was not from the
Caris cohort (which lacks ORR data).
Nonetheless, the ICI ORRs used in
this analysis were derived from pivotal
or large late-phase ftrials, suggesting
that they may be generalizable to other
patients.>®

Our results challenge prior conclusions
regarding the universal predictive value
of pre-existing immune tumor activity
and highlight the limited utility of immune
classes to describe the clinical behaviors
of cancers. Rather, the utility of immune
and genetic biomarkers for predicting
anti-PD-1/L1 therapy efficacy is histology
dependent. For instance, IGESs were
infrequently associated with high-TMB
or long-term ICI responders in most his-
tologies studied and were not instructive
of the variance in ORR to ICls across
multiple cancer types. In addition, there
were no specific immune cell subsets
commonly associated with TMBs or
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long-term ICI outcomes across multiple
cancer entities. Nonetheless, we identify
new histologies where IGESs may be
clinically applicable but have not been
well studied in past studies, including
carcinoma of unknown primary and
bladder, biliary tract, and colorectal
cancer.

A limitation of this study is that some
tumor specimens analyzed may have
been procured from earlier stages of
the disease as new diagnostic or surgical
specimens from advanced diseases may
not have been obtained due to clinical
reasons, and the impact of this on our re-
sults is unclear. Additionally, whether
other clinical factors may influence the
relationship between tumor immune ac-
tivity and TMBs and ICl outcomes re-
mains ambiguous. Nonetheless, results
from a nationally represented and large
real-world cohort suggest that immu-
nological stratification of tumors has
limited bearing on the immunogenicity
of tumors or ICl outcomes. Moreover,
the development of pan-cancer bio-
markers for ICls requires more rigorous
scrutiny of cancer types being studied,
as most investigations have been largely
focused on only a few histologies. Lastly,
our results serve as a resource for exam-
ining how specific immune cell subsets
may be associated with TMBs or ICI
outcomes in a broad range of human
malignancies.
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