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Abstract: Immunotherapy plays a central role in the treatment of NSCLC and biomarkers
predicting response to ICIs are valuable therapeutic tools. Programmed death-ligand 1 (PD-
L1) immunohistochemistry (IHC) is integral in therapy selection as its positive predictive
nature to ICIs in the metastatic setting is well documented. Tumor mutational burden (TMB)
has undergone much study and, while results are somewhat mixed, there is evidence for its
positive predictive value with ICI use. Additional markers such as tumor-infiltrating lym-
phocytes (TILs), gene expression profiling (GEP), mismatch repair (MMR) and microsatel-
lite instability (MSI), somatic mutations, neutrophil to leukocyte ratio (NLR), smoking
history, medication history, and immune-related adverse event (irAE) development can
further guide clinicians.
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Introduction

Lung cancers are the leading cause of cancer-related mortality and, outside of
nonmelanoma skin cancer, are the highest incident of all cancers, with NSCLC
comprising the majority of all lung cancer cases.' While the advent and utilization
of ICIs—antibodies blocking programmed cell death protein 1 (PD-1), PD-L1, and/
or cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) leading to immune cell
activation—has significantly improved outcomes, room still exists for improve-
ment. Multiple regimens for front-line treatment of oncogenic driver negative
NSCLC are available ranging from mono ICI to dual ICI with platinum doublet
chemotherapy in addition to salvage ICI therapy if not used front-line, and choosing
the optimal regimen to maximize therapeutic outcomes but minimize side effects
can be challenging.>> While tumoral PD-L1 THC is one of the most recognized and
validated predictive biomarkers in NSCLC, many other pathologic and clinical
characteristics are being explored to augment clinician decision-making capabilities
for immunotherapeutic regimens.

PD-LI

PD-L1 testing is done through IHC with different assays utilized with various PD-1
or PD-L1 inhibitors; the mechanism of action of these inhibitors in relation to PD-L1 is
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well described.® The 22C3 assay pairs with pembrolizumab,
28-8 assay with nivolumab, SP142 with atezolizumab,
SP263 with durvalumab, and 73—10 with avelumab. These
assays stain for PD-L1 of tumor cells and infiltrating immune
cells, with the majority of clinical trials utilizing membra-
nous tumor cell staining for stratification, except for atezoli-
zumab and the SP142 assay. Blueprint Phase I and II trials
were conducted to evaluate the equivalence of these assays
noting that the 22C3, 28-8, and SP263 assays are fairly well
correlated. The SP142 assay was noted to have less sensitiv-
ity for PD-L1 staining and as a result underestimates PD-L1
compared to the 22C3, 28-8, and SP263 assays. The 73—10
assay was noted to have a higher sensitivity for PD-L1
staining and as a result overestimates PD-L1 compared to
the 22C3, 28-8, and SP263 assays.”*®

For stage III unresectable NSCLC, chemoradiation fol-
lowed by a year of durvalumab monotherapy or placebo
produced impressive improvements in median progres-
sion-free survival (PFS) and overall survival (OS).
However, in a post hoc analysis dividing PD-L1 >1%
versus <1%, the PFS hazard ratio (HR) was 0.46 (95%
CI 0.33-0.64) for >1% vs 0.73 (95% CI 0.48-1.11) for
<1%; the OS HR was 0.59 (95% CI 0.41-0.83) for >1% vs
1.14 (95% CI 0.71-1.84) for <1%. While these data utilize
subgroup analysis in a post hoc setting, they do highlight
the predictive value of PD-L1 THC for ICI therapy.’

Multiple studies have shown the benefit of ICI therapy
in 2nd line or later setting, including with pembrolizumab,
nivolumab, atezolizumab, and avelumab. In the Phase III
JAVELIN Lung 200 trial of avelumab versus docetaxel in
NSCLC previously treated with platinum chemotherapy,
there was an overall response rate (ORR) improvement
with avelumab, however no benefit in the PD-L1 >1%
cohort for PFS or OS. Upon subgroup analysis of PD-L1
>50% and >80% cohorts, the odds ratio for ORR increased
and both median PFS and OS were improved in the ave-
lumab arm. For instance, for OS, the HR for PD-L1 >1%
was 0.90 (95% CI 0.72—-1.12), for PD-L1 >50% was 0.67
(95% CI 0.51-0.89), and for PD-L1 >80% was 0.59 (95%
CI 0.42-0.83).'"° Similar trends with increasing PD-LI
were observed in the earlier 2nd line studies of nivolumab
in CheckMate 057, pembrolizumab in Keynote 010, and
atezolizumab in OAK; however, the predictive value of
PD-L1 for ICI therapy was not demonstrated in the squa-
mous NSCLC population treated with nivolumab in
CheckMate 017.''"'* A meta-analysis of various PD-1
and PD-L1 agents versus docetaxel used 2nd line or later
with PD-L1 IHC stratification noted that either ICI led to

an OS advantage; however, a PFS advantage was only
seen with PD-1 but not PD-L1 inhibitors.®

PD-L1 IHC as a predictive biomarker for front-line ICI
therapy was demonstrated with the combination of pem-
brolizumab with platinum chemotherapy in two phase III
Keynote studies. The nonsquamous Keynote 189 evalu-
ated differences in ORR, PFS, and OS in the PD-L1 <1%,
1-49%, and >50% cohorts. For both ORR and median
PFS, increasing PD-L1 was associated with stepwise
improvements in the pembrolizumab arm. With median
OS, there were similar improvements across the board
for PD-L1 in the pembrolizumab cohort; however, this
may have been confounded by the 53.9% control post-
progression crossover.® The squamous Keynote 407 noted
that while ORR was similar across PD-L1 subgroups,
median PFS and OS showed improvements in HR in the
pembrolizumab treated groups of PD-L1 >1% vs PD-LI
<1%."?

The phase III Keynote 042 study of pembrolizumab
monotherapy versus platinum chemotherapy in PD-LI
>1% NSCLC also demonstrated the predictive quality of
PD-L1 IHC. For median PFS, the PD-L1 >1% group was
not improved compared to chemotherapy; however, in the
>50% subgroup, the HR was statistically improved. For
median OS, the HR of the PD-L1 1-49% group was
nonsignificant at 0.92 (95% CI 0.77-1.11), while the HR
of the PD-L1 >50% was significant at 0.69 (95% CI
0.56-0.85).'® Keynote 024, a study of upfront pembroli-
zumab monotherapy versus chemotherapy in NSCLC with
PD-L1 >50% confirmed a median OS HR of 0.63 (95% CI
0.47-0.86).2

While no prospective trials have been powered to com-
pare outcomes for NSCLC patients with PD-L1 IHC grada-
tions above 50%, a multicenter retrospective analysis of
pembrolizumab in this patient group was conducted. In the
cohort of 187 patients, the median PD-L1 was 80%; respon-
ders median PD-L1 was 90% compared to 75% in nonre-
sponders. When looking at quartiles of PD-L1 75-100%
versus 50-74%, the ORR was 53.6% vs 30.7%, median
PFS HR was improved at 0.63 (95% CI 0.43-0.92) and
median OS trended towards but did not reach significance
with an HR of 0.62 (95% CI 0.37-1.03). Furthermore, when
looking at PD-L1 90-100% versus 50-89%, the ORR was
60% vs 32.7%, median PFS was improved with an HR of
0.50 (95% CI1 0.33-0.74), and median OS was improved with
an HR of 0.39 (95% CI 0.21-0.70)."” These data complete
the picture that increasing PD-L1 predicts improved out-
comes with ICI therapy, though even in the PD-LI1
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90-100% group, 40% of patients did not experience
a response, indicating PD-L1 as an incomplete immunother-
apeutic biomarker. Further prospective studies to confirm
these findings across diverse populations would deepen
understanding within the field.'®

TMB

TMB evaluates the nonsynonymous mutation burden of
a particular neoplasm via either tissue TMB (tTMB) or
blood TMB (bTMB) analysis and is reported as mutations
(mut) per megabase (mb) of DNA or per whole exome. As
TMB increases, tumor neoantigen load increases, which
the immune system can theoretically recognize and target
especially under encouragement from ICIs. One of the
early studies of tTMB noted that the tTMB of NSCLC
patients was higher in those with either a response or
stable disease to ICIs compared to those who progressed.
If these patients were then separated into tTMB above and
below the median, ORR and median PFS were statistically
improved."”

A retrospective analysis of tTMB in multiple solid
tumors treated with single or dual agent ICIs noted almost
across the board improvements in OS. Rather than using
median tTMB, this study evaluated upper percentiles of
tTMB compared to lower percentiles per tumor type. For
instance, in NSCLC, when evaluating the top 10™ percen-
tile of tTMB—correlating to a tTMB of 20.2 mut/mb or
higher—compared to the bottom 90™ percentile tTMB
group, OS was significantly improved. This difference
was also present, though not as pronounced, in the top
30™ percentile—tTMB of 10.2 mut/mb or higher. When
evaluated as a continuous variable, tTMB in NSCLC trea-
ted with ICI therapy was associated with an improvement
in 0S.%

However, contradictions in available data make the use
of TMB as a stand-alone predictive biomarker premature.
The prospective phase III trial CheckMate 227 evaluated
the use of different combinations of ipilimumab, nivolu-
mab, and platinum chemotherapy in the frontline treatment
of NSCLC with a coprimary PFS endpoint of ipilimumab
plus nivolumab versus chemotherapy evaluated in tTMB
>10 or <10 mut/mb groups. Initial reports noted an
improvement in PFS in the ICI group compared to che-
motherapy only in the tTMB >10 mut/mb group; however,
this did not translate to a differential improvement in OS
between the groups.*?!

Indeed, the role of tTMB as a predictor of response to
pembrolizumab in NSCLC is mixed. A retrospective

analysis of a pooled cohort of NSCLC patients treated
with either pembrolizumab plus chemotherapy versus che-
motherapy in Keynotes 021, 189, and 407 showed tTMB
did not predict ORR, PFS, or OS when evaluated as either
a continuous variable or when divided into subgroups of
>175 mut/exome vs <175 mut/exome.”> Alternatively,
when retrospectively evaluating a pooled cohort of
NSCLC patients with PD-L1 >1% treated with pembroli-
zumab versus chemotherapy in Keynotes 010 and 042,
tTMB predicted both PFS and OS both when tTMB was
considered as a continuous variable and when divided into
subgroups of >175 mut/exome versus <175 mut/exome.>
Separately, an evaluation of bTMB as a biomarker for
atezolizumab was undertaken as an alternative to tTMB by
retrospectively assessing the POPLAR and OAK studies—
both evaluated atezolizumab versus docetaxel after at least
first-line therapy in NSCLC—using a cut point of bTMB
>16 mut/mb. In the Phase II POPLAR study, though
bTMB trended towards significance for PFS, it was not
a predictor of OS. In the phase III OAK study, bTMB was
a predictor of PFS benefit in the ICI group but was not
significant for 0S.>* An analysis of front-line durvalumab
plus tremelimumab versus chemotherapy in the phase III
MYSTIC trial in NSCLC noted no predictive value of ICI
effect on PFS or OS with a tTMB >10 mut/mb. However,
ORR, PFS, and OS were improved in the bTMB high
group when using a bTMB cutoff of >20 mut/mb.*
Taken together, these data suggest for ICI use in
NSCLC, TMB is a positive predictive biomarker for
PFS. The data are mixed with regards to OS as an out-
come; however, there is an indication that higher TMB
cutoffs of the top 10" percentile or TMB >20 mut/mb are
more realistic to use as predictors of OS. However, more
prospective studies are needed to validate these results.

TILs and GEP

TILs have been demonstrated to be a prognostic biomarker
before the ICI era with stromal infiltration of CD8+ and CD4+
lymphocytes associated with improved disease-specific survi-
val in early-stage NSCLC.?® A separate analysis of resected
NSCLC treated with adjuvant chemotherapy noted with
intense tumor lymphocytic infiltration both a longer disease-
free survival (DFS) with an HR of 0.55 (95% CI 0.41-0.73)
and OS with an HR of 0.53 (95% CI 0.39-0.73) compared to
nonintense infiltration.”” A meta-analysis of 24 studies found
elevated tumoral CD3+, CD4+, and CD8+ lymphocytes were
associated with an improvement in OS while increased FoxP3
+ regulatory lymphocytes were associated with a worsening of
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0S.* Similarly, through evaluating previously validated GEP
of lymphocytes and macrophages via mRNA sequencing
expression of The Cancer Genome Atlas (TCGA), multiple
tumors including NSCLC exhibited survival benefit if tumors
scored high in these signatures.?

The predictive value of TILs and GEP is less clear than
the prognostic value; however, both are predicated on the
tumoral invasion of certain lymphocytes leading to
improved immune surveillance. One retrospective of
NSCLC patients treated with nivolumab noted an
improved ORR with an increased CD8+/CD4+ ratio com-
pared to a low ORR with a lower ratio.*® Another noted
that responders to nivolumab displayed a low lymphocytic
PD-1/CD8+ ratio compared to nonresponders.®'
Evaluation of TILs and GEP is ongoing and further data
are needed to elucidate their role as biomarkers.

MMR and MSI

MMR and MSI status have been thoroughly studied in
tumors with the highest prevalence of MMR deficient
(dMMR) or MSI high (MSI-H) malignancies, namely
colon and other gastrointestinal malignancies, as well as
endometrial cancer with the mechanism of response to ICI
well described in the literature. By contrast, the evaluation
of treatment of dMMR and MSI-H in NSCLC has been
limited by low prevalence and thus is rarely considered in
most treatment algorithms.>> A phase II study of 20 pre-
viously treated patients with metastatic disease evaluated
the use of pembrolizumab in MSI-H colon patients and
MSI-H non-colon patients. While the cohorts were small,
colon patients exhibited an ORR of 40% and a 20-week
PFS of 78%, while non-colon patients demonstrated an
ORR of 71% and a 20-week PFS of 67%.° A larger
phase II study evaluated 78 previously treated metastatic
patients including an MSI-H colon cohort and a more
diverse MSI-H non-colon cohort. Outcomes were similar
between the cohorts with a combined ORR of 53%, dis-
ease control rate (DCR) of 77%, and complete response
(CR) rate of 21%. The two-year median PFS was 53% and
the two-year median OS was 64%.%*

While neither of these studies included patients with
NSCLC, multiple retrospective analyses have attempted to
quantify the prevalence of MSI-H in NSCLC, as these
tumors would likely benefit from ICI therapy. In a study
of 297 EGFR, KRAS, and BRAF wildtype NSCLC
patients, 3 (1%) were identified as MSI-H, all previous
smokers.*> A separate analysis of 480 pulmonary adeno-
carcinoma patients identified 4 (0.83%) MSI-H -cases,

again all previous smokers.*® Finally, in one of the largest
analyses of 1868 NSCLC patients, 12 (0.6%) were
MSI-H.*

Somatic Mutations
One of the main predictors of poor response to immu-
notherapy is the presence of certain oncogenic drivers. In
a retrospective analysis of NSCLC patients treated with
ICI therapy, the differential response to EGFR mutated and
ALK rearranged versus wildtype for both was assessed.
The ORR for EGFR or ALK driver patients was 3.6%,
a single unconfirmed response, compared to 23.3% in the
wildtype population when treated with single-agent ICI
therapy.>” The IMMUNOTARGET retrospective analysis
evaluated ICI therapy largely in the 2nd or 3rd line in
metastatic NSCLC patients with oncogenic driver altera-
tions including KRAS, EGFR, BRAF, HER2, MET, ALK,
ROS1, and RET. In this study, the ORR was 19%, which
decreased to 12.7% if KRAS was excluded. Evaluating by
12-month PFS, KRAS with 25.6% and MET with 23.4%
exhibited the best outcomes, HER2 with 18.0% exhibited
an intermediate outcome, and RET with 7.0%, EGFR with
6.4%, ALK with 5.9%, and ROS1 unevaluable due to
small numbers exhibited the poorest PFS outcomes.*® In
a phase II prospective analysis of patients with EGFR
mutations and positive PD-L1 THC treated with first-line
pembrolizumab, the ORR was 0/10 and median PFS 119
days with the study closing early due to futility.*® Finally,
in a meta-analysis of EGFR mutated NSCLC patients
included in the second line ICI monotherapy versus doc-
etaxel studies of CheckMate 057, Keynote 010, and
POPLAR, the OS HR was 1.05 (95% CI 0.70-1.55).%°
NSCLC patients with STK11 (also known as LKB1)
and KEAP1 mutations seem to perform worse compared to
controls; however, data are mixed whether these are nega-
tive predictive or prognostic biomarkers. In an analysis of
KRAS mutated NSCLC patients treated with ICI therapy,
those with co-mutations in STK11 exhibited a worse ORR
of 7.4% vs 28.6%, shorter PFS with an HR of 1.98 (95%
CI 1.33-2.94), and shorter OS with an HR of 1.99 (95%
CI 1.29-3.06) when compared to KRAS mutated STK11
wildtype patients. When evaluating these patients in the
CheckMate 057 cohort of nivolumab versus docetaxel,
while there was a significant difference in ORR in the
nivolumab arm, there was not in the docetaxel arm possi-
bly owing to sample size. KRAS/STK11 co-mutated
patients were also noted to have a significantly lower
rate of PD-L1 positivity; however, even in a PD-L1 THC
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positive NSCLC cohort treated with ICI therapy, ORR
(0% vs 34.5%), PFS (HR 4.76 95% CI 2.0-11.1), and
OS (HR 14.3 95% CI 3.4-50.0) were worsened with
STK 11 mutants compared to controls.*!

A separate analysis of KRAS mutated NSCLC patients
identified that patients were commonly co-mutated with
either STK11, KEAP1/NFE2L2, or both. On multivariate
analysis, OS was only independently shortened for those
with KEAP1/NFE2L2 mutations with an HR of 1.96 (95%
CI 1.33-2.92) and was similarly shortened in both ICI and
chemotherapy groups.** A study of nonsquamous NSCLC
patients in a FoundationOne database identified 30% of
patients with either or both STK11 and KEAP1 mutations.
These patients more commonly exhibited PD-L1 negative
IHC staining. PFS and OS were worse in mutated patients
when treated with ICI or chemotherapy, with the worst
outcomes found in co-mutated patients.*> An analysis of
NSCLC patients in the MYSTIC trial of NSCLC patients
treated with durvalumab plus tremelimumab, durvalumab,
or platinum doublet chemotherapy evaluated subgroups of
STK11 or KEAP1 mutated patients. The OS of KEAPI
and STK11 mutated patients were shorter than controls
with HRs of 1.64 (95% CI 1.37-1.97) and 1.52 (95% CI
1.25-1.85) respectively. Upon subgroup analysis, there
was no significant difference in outcomes between single
or dual ICI therapy versus chemotherapy.**

Retrospective data suggest ARID1A alterations appear
to both compromise MMR proteins and lead to increased
TMB.* A separate analysis of ARIDIA and ARIDIB
noted that while these mutations in NSCLC were pre-
viously negatively prognostic, they may now be positive
predictive for ICIs. On treatment with ICI therapy,
ARID1A mutated NSCLC patients exhibited improved
ORR and similar PFS to controls, while ARID1B mutated
NSCLC patients experienced both improved ORR and
PFS.*® In the MYSTIC trial subgroup analysis, while
there was no significant OS difference in ARIDIA
mutated patients versus controls, treatment of ARIDIA
mutated NSCLC patients with dual ICIs compared to
chemotherapy portended an OS benefit with an HR of
0.42 (95% CI 0.24-0.76).**

Mutations that affect the DNA damage response
(DDR) system—eight enzymatic pathways related to
DNA upkeep—Ilead to increased neoantigen load, TMB,
and immune gene expression signatures. In an analysis of
34 NSCLC patients treated with ICI therapy, those with
two mutations in DDR—base excision repair and mis-
match repair—exhibited an ORR of 63.6% compared to

21.7% and median PFS HR of 0.21 (95% CI 0.06-0.71)
compared to controls.*’

In NSCLC tumors, those with ZFHX3 mutations
exhibited significantly increased numbers of DDR path-
way mutations and increased TMB compared to ZFHX3
wildtype controls. In a cohort of 350 NSCLC patients
treated with single or dual ICIs, median OS was signifi-
cantly longer in ZFHX3 mutants compared to wildtype
patients with an HR of 0.26 (95% CI 0.17-0.41). In
TCGA cohort, a non-ICI treated NSCLC cohort, ZFHX3
mutant status was not associated with improved OS, indi-
cating a possible predictive biomarker for ICI therapy.*®

In a separate analysis of NOTCH1/2/3/4 mutations in
NSCLC, inactivating NOTCH1/2/3 mutations were asso-
ciated with increased TMB as well as increased activation
of the DDR
Clinically, in a pooled analysis of multiple NSCLC cohorts

system and subsequent mutagenesis.
treated with ICI therapy, outcomes were improved with
inactivating NOTCH1/2/3 mutations with increased ORR
with a RR of 2.2 (95% CI 1.39-3.51), longer PFS with an
HR of 0.61 (95% CI 0.46-0.81), and longer OS with an
HR of 0.56 (95% CI 0.32-0.96). In a multivariate analysis
of inactivating NOTCH1/2/3 mutations in the POPLAR
and OAK NSCLC studies evaluating atezolizumab versus
docetaxel, NOTCH1/2/3 mutant patients were indepen-
dently associated with improved PFS and OS in the ate-
zolizumab group but not the docetaxel group.*’

NLR

NLR is thought to be a prognostic and potentially predic-
tive biomarker with regards to immunotherapy in NSCLC.
Theoretically, lymphopenia reflects impaired cell-mediated
immunity, while neutrophilia reflects systemic inflamma-
tion with decreased tumoral lymphocytic infiltration, thus
one would expect worsened outcomes with an increased
NLR. A meta-analysis of NSCLC patients prior to the
immunotherapy era noted that pretreatment NLR predicted
a shorter PFS with an HR of 1.63 (95% CI 1.27-2.09) and
OS with an HR of 1.70 (95% CI 1.39-2.09) with the cut
off of NLR >5 reducing heterogeneity.>”

Similarly, a recent meta-analysis of largely retrospec-
tive studies of ICI use in NSCLC noted both worsened
PFS and OS with elevated NLR. The median and cut-off
NLR of most studies assessed was 5.0. Median PFS was
1.9 months vs 4.7 months with an HR of 1.59 (95% CI
1.36-1.82). Median OS was 4.7 months versus 16.0
months with an HR of 2.07 (95% CI 1.70-2.44). Both
pretreatment and posttreatment NLR resulted in similar
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HRs for PFS and OS.”' In a separate retrospective evalu-
ating outcomes in NSCLC patients treated with pembroli-
zumab with PD-L1 THC >50%, both PFS and OS were
statistically worsened on multivariate analysis in the NLR
high group with HRs of 2.214 (95% CI 1.04-4.74) and
3.225 (95% CI 1.34-7.76) respectively.’* These data indi-
cate NLR is a prognostic biomarker with further study
needed to elucidate if NLR could be used as a predictive
immunotherapy biomarker in NSCLC.

Smoking History

While many clinical characteristics—such as sex, race,
and age—have been evaluated as possible predictors of
response to immunotherapy, perhaps the only character-
istic with significant evidence as a predictive biomarker to
ICI therapy is smoking history. A meta-analysis of four
phase III trials of 2nd line single ICI vs chemotherapy in
NSCLC showed improvements in PFS and OS. In smo-
kers, the PFS HR was 0.55 (95% CI 0.43-0.67) and OS
HR was 0.69 (95% CI 0.60-0.78). In nonsmokers, the
PFS HR was 0.90 (95% CI 0.11-7.59) and OS HR was
0.80 (95% CI 0.54-1.06).>> A separate phase II study of
NSCLC patients with 2nd line nivolumab noted higher
ORR, PFS, and OS in
nonsmokers.”® Another meta-analysis of six mixed Ist

smokers compared to
and 2nd line single ICI vs chemotherapy trials in
NSCLC also showed an OS benefit in the smoking
group with an HR of 0.70 (95% CI 0.63—0.89) but not
the nonsmoking group with an HR of 0.79 (95% CI 0.-
59-1.09). For the PFS analysis only two Ist line studies
were included, which showed no benefit with a PFS HR
of 0.85 (95% 0.71-1.01) in smokers but a detriment to
PFS in nonsmokers with an HR of 2.30 (95% CI
1.23-4.28).%°

In 2020, a meta-analysis of largely phase III randomized
control trials in smokers versus nonsmokers in solid tumors
was published. Of the 17 trials, 13 trials were of NSCLC.
The OS data for ICI monotherapy compared to chemother-
apy showed a benefit in smokers with an OS HR of 0.79
(95% CI 0.69—0.89) while there was no benefit for nonsmo-
kers with an OS HR of 1.01 (95% CI 0.84-1.21). For OS of
chemoimmunotherapy compared to chemotherapy, both
smokers and nonsmokers received a benefit with HRs of
0.72 (95% CI 0.61-0.85) and 0.45 (95% CI 0.28-0.71)
respectively.>®

Caveats to these analyses include relatively small sam-
ple sizes for the nonsmoking population and variable test-
ing and inclusion of patients with oncogenic drivers, such

as EGFR and ALK. The IMMUNOTARGET retrospective
analysis identified an improvement of PFS in HER2 or
BRAF smokers compared to nonsmokers treated with
immunotherapy and no change in PFS with other common
alterations and smoking, though these were subgroup
analyses.”®

A retrospective analysis of NSCLC patients treated
with ICI therapy noted on multivariate analysis that
a positive smoking history demonstrated a positive effect
on ORR. Additionally, TMB >10 mut/mb was significantly
associated with a longer smoking history.”” A separate
retrospective analysis of NSCLC patients noted when test-
ing TMB as a continuous variable, smoking history was
the only associated significant factor.’® In addition to the
association with TMB, a review of multiple studies con-
cluded there is also a positive association between smok-
ing history and PD-L1 THC.*

When assessing a previously validated smoking-related
molecular signature for improvements in outcomes,
a small retrospective analysis showed these smoking-
related signatures correlated to improvements in ORR
and PFS; however, this was not borne out in patient-
related identification of smoking history.'® There is likely
a link between smoking-related NSCLC and both
increased TMB and PD-L1
decreased rates of actionable driver mutations. These fac-

IHC with concomitant

tors enrich for a group of patients who experience
improved outcomes with ICIs; however, it remains unclear
if there are additional unknown factors at play with smok-
ing-related NSCLC that predict improved outcomes.

Antibiotics and the Microbiome
While incompletely understood, evidence suggests that the
interplay between the microbiome and the immune system
can affect the efficacy of ICIs in multiple malignancies,
including NSCLC. To further explore this interaction,
multiple studies have evaluated how medications that can
alter the microbiome—namely antibiotics and proton
pump inhibitors—can affect clinical outcomes.

Numerous retrospective analyses have evaluated anti-
biotic exposure effects on immunotherapy response and
survival with varying definitions of exposure, with most
studies investigating antibiotics used variably 1-3 months
prior to and after the first infusion of an ICI. A meta-
analysis of solid oncology patients treated with ICIs indi-
cated that prior or intercurrent antibiotic therapy was sig-
nificantly associated with a worsened median PFS with an
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HR of 1.53 (95% CI 1.22-1.93) and a worsened median
OS with an HR of 2.07 (95% CI 1.51-2.84).°°

There are notably three studies indicating no difference
in ICI outcome with antibiotic exposure. One study of 74
NSCLC patients treated with nivolumab evaluated antibio-
tic use starting 3 months prior to ICI infusion until pro-
gression and noted no difference in ORR, median PFS, or
median OS.°' A separate evaluation of 90 NSCLC patients
treated with nivolumab monitoring antibiotics 1 month
prior to ICI infusion noted no difference in median PFS
or 0S.% Of studies evaluating antibiotic use 1 month
before or after ICI infusion in NSCLC patients, one
study of 142 patients noted no difference in median PFS
or OS, while two other studies of 30 and 109 patients,
respectively, noted worsening in the median in PFS and
OS with antibiotic exposure.®*

A separate study of ICI in both RCC and predomi-
nantly NSCLC evaluated antibiotics used at time points
both 30 days and 60 days prior to the first ICI infusion.
Antibiotic use within the 30 days prior to ICI therapy was
associated with a significantly worsened median OS but
not PFS, while antibiotic use 60 days prior was associated
with an improving but still statistically worsened OS.%°
These data suggest that dysbiosis associated with antibio-
tic use may be reversible given enough time for the micro-
biome to recapitulate.

Interestingly, a study of largely NSCLC treated with
ICIs monitored antibiotic use 1 month prior to the first ICI
infusion and then intercurrently noted worsened ORR and
median OS only with antibiotics prior to ICI therapy; with
intercurrent antibiotic use, no survival difference was
seen.®” A separate study of ICIs in NSCLC evaluated the
use of antibiotics 1 month prior to 3 months post first ICI
infusion. While ORR, median PFS, and median OS were
numerically worse in the month prior to ICI, these data
were not statistically significant. However, an analysis of
the ratio of days receiving antibiotics to days receiving ICI
noted that an increasing ratio was associated with
a statistically worsened median PFS and OS; these data
were confirmed on multivariate analysis when setting the
cut-off evaluation as the median ratio.®® A third study
evaluating ICI in melanoma, NSCLC, and RCC patients
studied the effect of antibiotics given 2 weeks before to 6
weeks after the first ICI infusion. This study noted that
median PFS and OS were worsened with antibiotic use.
Subgroups were evaluated by separating patients into no
antibiotic use versus one antibiotic use for less than 7 days
versus multiple antibiotics, antibiotics lasting seven or

more days, or multiple courses of antibiotics. A single
antibiotic for less than 7 days noted numerical but not
statistical worsening compared to no antibiotic use; how-
ever, multiple antibiotics, multiple courses of antibiotics,
or a long course of antibiotics were associated with wor-
sened outcomes. Taken together these data indicate
a cumulative effect on the microbiome that is more pro-
nounced with antibiotics prior to ICI, the use of multiple
antibiotics, or long courses of antibiotics that leads to
poorer outcomes with ICI therapy.®® There has also been
a less rigorous evaluation of the effect of PPI use on ICI
efficacy in NSCLC given its effect on the microbiome;
however, the data are mixed and indicate no convincing
effect on clinical outcomes.®>’*" Table 1 summarizes the
effect of antibiotics on ICI efficacy.

Multiple studies have evaluated how changes in the
microbiome can affect responses to ICIs in NSCLC.
A microbiota analysis of 60 NSCLC and 40 RCC patients
receiving ICls investigated responders versus nonrespon-
ders. Responders demonstrated an overrepresentation of
certain bacteria including Firmicutes, Alistipes, and
Akkermansia with Akkermansia muciniphila most asso-
ciated with favorable outcomes. Evaluating by the best
response, A. muciniphila was detected in the stool of
69% of patients with partial response, 58% of patients
with stable disease, and 34% of patients with progressive
disease, and was also significantly associated with a longer
PFS. Stool from responders and nonresponders was trans-
planted into germ-free mice inoculated with tumor cells
and then treated with ICI therapy with resultant delay in
tumor growth only in mice with stool from responders.”!
Similarly, a separate analysis studied the stool of respon-
ders versus nonresponders to ICIs in NSCLC and noted
increased diversity of the microbiota was associated with
increased response and improved median PFS.”* A study
evaluating antibiotic use and plasma citrulline levels in
NSCLC patients receiving nivolumab noted that peri-
treatment antibiotics correlated with decreased plasma
citrulline levels, which were associated with a worse OS.
It was posited that citrulline may act as a marker of
enterocyte function and low levels may correspond with
dysbiosis.”® Finally, a study evaluating the antitumor effect
of Enterococcus gallinarum (MRx0518) on mouse models
of lung, renal, and breast cancer noted that mice exposed
to this bacterium reduced tumor size 35-51% compared to
controls and this response was associated with an
increased tumor CD8+ T cell:Treg ratio.”*
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Corticosteroids and irAEs

Given the immunosuppressive effect of corticosteroids
which is taken advantage of when treating irAEs, many
studies evaluating the efficacy of ICIs excluded patients
receiving supraphysiologic doses of these drugs. Multiple
studies have evaluated if baseline corticosteroid use or
intercurrent corticosteroids with ICIs affect clinical out-
comes, as well as if the development of irAEs portends
a difference in clinical outcomes given the evident excita-
tion of the immune system. With regard to corticosteroids,
most studies set the threshold for exclusion at greater than
or equal to a prednisone equivalent of 10 mg daily.

A meta-analysis of largely NSCLC and melanoma
studies noted any corticosteroid use during ICI therapy
was associated with a worsened median PFS and OS
with HRs of 1.34 (95% CI 1.02-1.76) and 1.54 (95% CI
1.24-1.91) respectively, with corticosteroid use for irAE
mitigation suggesting no difference in OS with an HR of
1.08 (95% CI 0.79-1.49).”° Three retrospective analyses
with limited data regarding the dose of prednisone admi-
nistered to NSCLC patients treated with ICI monotherapy
nevertheless noted those receiving corticosteroids on
the day of ICI infusion exhibited a worsened median
PFS. In two of these studies, median OS was also signifi-
cantly worsened. One subgroup analysis confirmed the
worsening of median PFS and OS maintained significance
in a cohort of NSCLC patients with brain metastases.’®®

One study evaluated the impact of baseline prednisone
within the 30 days prior to the first ICI infusion in NSCLC
patients. In the cohort from MSKCC, there was a worsened
ORR, median PFS, and median OS in patients receiving at
least prednisone 10 mg daily and in the GRCC cohort there
was a worsened median PFS and OS. In the pooled cohort,
patients receiving prednisone >20 mg daily compared to
10-19 mg daily did equally poorly. If patients received
corticosteroids in the 30 days prior to ICI infusion but
stopped them prior to the day of infusion, patients had inter-
mediate outcomes between controls and patients who con-
tinued corticosteroids on the day of ICI infusion.”’

A study of NSCLC patients receiving corticosteroids
during the first 28 days of ICI therapy found those receiving
the equivalent of 10 mg of prednisone or more daily experi-
enced a worsened DCR, median PFS, and median OS.%°
A similar study noted that ICI-treated NSCLC patients
receiving greater than the equivalent of prednisone 10 mg
daily during the first 30 days of ICI therapy received fewer
doses of immunotherapy and exhibited a worse median OS.

However, for patients who started corticosteroids for an irAE
in the first 30 days of ICI therapy, there was no difference
with regards to outcomes compared to controls.®’

Another study noted similar findings of poorer outcomes
with corticosteroid use prior to ICI therapy and, while
patients receiving intercurrent steroids with ICI therapy had
worse outcomes, this was driven by patients receiving ster-
oids for cancer-related symptoms (brain metastases and can-
cer-related dyspnea, pain, and fatigue) and not for those
receiving steroids for irAEs or COPD flares.® These findings
of worsened outcomes with the use of corticosteroids for
cancer-related symptoms but not for cancer unrelated symp-
toms were corroborated in a separate retrospective analysis.**
A third study confirmed that systemic corticosteroids for
patients receiving ICI were only associated with worsened
outcomes for non irAE indications.** Taken together, these
data suggest the use of prednisone 10 mg daily or greater
prior to receiving ICI is associated with poorer outcomes;
however, starting corticosteroids while already on ICI ther-
apy has no effect on the outcome if given for an irAE. If
intercurrent corticosteroids were given while on ICI therapy
for cancer-related symptoms such as brain metastases, out-
comes were worse; however, this may be an incidental cor-
relation unrelated to the corticosteroid inhibition of the
immune response on the malignancy. Table 2 summarizes
the effect of corticosteroids on ICI efficacy.

In fact, the development of an irAE while receiving
ICI therapy for NSCLC may be positively predictive.
A retrospective study noted that patients who developed
an irAE within 6 weeks of starting ICIs experienced
significantly improved ORR, median PFS, and median
0S.%° A separate analysis noted that for patients who
developed an irAE during ICI treatment, ORR, DCR,
median PFS, and median OS were all improved. There
was also a nonsignificant trend towards longer OS if the
onset of the irAE was more than 3 months after starting
ICI therapy.®® Another study again noted improvement in
ORR, DCR, median PFS, and median OS in patients who
developed an irAE on ICIs. Furthermore, those patients
who developed at least two irAEs had improved out-
comes compared to patients with a single irAE, and
those with a single irAE exhibited better outcomes than
patients who developed no irAE.*” These studies per-
formed subgroup analyses on the type of irAE that
exhibited better outcomes and generally cutaneous and
endocrinological irAEs performed better.

Finally, a recent study redemonstrated improvement in
ORR, DCR, duration of response, median PFS, and median
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OS for those who developed an irAE while on ICI therapy for

NSCLC. Compared to a control group of patients who did not

develop an irAE or patients who developed an irAE but did

not require the equivalent of prednisone 10 mg daily or

greater daily, those who required systemic corticosteroids

for an irAE did not perform worse. However, within the

group of patients who developed irAEs, those who required

prednisone 10 mg or more daily experienced worse median

OS. On multivariate analysis, there was no difference in

survival between patients with a grade 1-2 irAE vs 34

irAE; however, irAEs involving rash, pruritis, arthritis, and

endocrinological dysfunction showed improvement.®* Taken

together these data suggest that patients who develop certain

irAEs that are less likely to require high dose systemic

steroids have the best outcomes and those with irAEs that

require systemic steroids may perform at least as well as

patients who do not develop irAEs.

Conclusion

Since the identification of PD-L1 IHC as a partially pre-
dictive biomarker for ICI response in NSCLC, the field
exploring additional biomarkers has expanded, attempting

to explain why some patients with high PD-L1 tumors do

not respond and others with PD-L1 negative tumors

experience durable responses.

This review explored

a number of potential tumoral and patient factors which

may be associated with immunotherapy outcomes; how-

ever, most require further prospective validation. With

improvements to these biomarkers and the development

of others, there may come a time when combinations of

various immunotherapies and chemotherapies will be cho-

sen to optimally treat patients based on a biomarker array.
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