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Novel blood-based tumor mutation algorithm and nomogram
predict survival of immune checkpoint inhibitor in non-small-cell
lung cancer: Results from two multicenter, randomized clinical

trials

Dear Editor,

Our previous study has demonstrated non-small-cell lung
cancer (NSCLC) patients with high tissue-based tumor
mutation burden (TMB) derived encouraging benefits from
immune checkpoint inhibitor (ICD).! The blood-based TMB
(bTMB) recently emerged as an encouraging non-invasive
approach to predict improvements in PFS of atezolizumab
over docetaxel among previously treated NSCLC patients,
but it failed to reproducibly stratify patients into groups
with different OS.> The ctDNA maximum somatic allele fre-
quency (MSAF) has been demonstrated affects the concor-
dance between bTMB and tissue-based TMB,>? suggesting
MSAF might potentially provide additional predictive value
for the bTMB. Herein, we first performed individual patient
data meta-analysis using OAK and POPLAR randomized
trial data*> to assess the predictive value of adding MSAF
to bTMB (bTMB-MSAF algorithm) in identifying NSCLC
patients who could benefit from atezolizumab over doc-
etaxel. Moreover, we comprehensively investigated the blood-
based mutational landscape of NSCLC patients and devel-
oped nomogram considering oncogenic and clinicopatholog-
ical variables to predict survival of ICI patients. Full methods
are described in the Supporting Information.

In the whole intention-to-treat and EGFR wild-type
patients, compared with docetaxel, atezolizumab resulted
in significantly longer OS (HR 0.72, 95% CI, 0.62-0.83;
P < .001; HR 0.67, 95% CI, 0.57-0.78; P < .001; Fig-
ure 1A,B), but not PFS (Figures S2 and S3). EGFR mutant
patients did not show significant difference in OS or PFS
between two treatments (Figure S4). More clinicopathologi-
cal subgroups are presented in Supporting Information Result
S1 and Figures S5 and S6.

We found none of tested bTMB cut-points could classify
patients into groups with consistent differences in PES and OS
between atezolizumab and docetaxel in the EGFR wild-type

patients (Figure S7). Of note, a previously established bTMB
threshold of 16 even produced paradoxical results; patients
with bTMB < 16 had significant improvement in OS (HR
0.68, 95% CI, 0.52-0.88) but not in PFS (HR 0.99, 95% CI,
0.82-1.19); patients with bTMB > 16 had significant improve-
ment in PFS (HR 0.58, 95% CI, 0.36-0.93) but not in OS (HR
0.48, 95% CI, 0.23-1.02; Figure S7).

We next performed similar analysis at various MSAF cut-
points and found EGFR wild-type patients with MSAF < 0.10
had improved OS (HR 0.62, 95% CI, 0.51-0.75) and PFS
(HR 0.83, 95% CI, 0.70-0.98) when treated with ate-
zolizumab compared with docetaxel, whereas patients with
MSAF > 0.10 showed no difference in OS or PFS (Fig-
ures S8-S11). Additionally, a low MSAF significantly pre-
dict favorable OS and PFS among each of entire patients and
atezolizumab-treated patients (Figure S9). None of the tested
bTMB or MSAF cut-points could classify EGFR mutant
patients into groups with different PES or OS two treatments
(Figures S10 and S11).

We further determined a novel bTMB-MSAF algo-
rithm outperforming bTMB in predicting survival with ate-
zolizumab versus docetaxel. Patients with lower versus higher
bTMB-MSAF scores had significantly better OS and PFS in
entire patients and separate OAK and POPLAR cohorts (See
details in Supporting Information Result 2 and Figures S12
and S13). The OS HR was more strongly correlated with the
bTMB-MSAF score (R*> = 0.90) than with the bTMB (R”> =
0.68) or with the MSAF (R? = 0.78) (Figure S14). The thresh-
old of <20 gave the optimal clinical relevance, at which the
lowest HRs for OS and PFS was identified (Figure S15).

EGFR wild-type patients with a bTMB-MSAF score < 20
had improved both OS (HR 0.56, 95% CI, 0.45-0.69;
P < .001) and PFS (HR 0.74, 95% CI, 0.61-0.89; P = .0023)
when treated with atezolizumab compared with docetaxel
(Figure 1C,D). Clinicopathological variables were consistent
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FIGURE 1 Survival analysis stratified by treatment. A, OS in the whole intention-to-treat patients. B, OS in EGFR wild-type patients. C and D,
OS and PFS in EGFR wild-type patients with a bTMB-MSAF score < 20, respectively. E and F, OS and PFS in EGFR wild-type patients with a
bTMB-MSAF score < 20 and PD-L1 expression of TC3 or IC3, respectively. HR, hazard ratio; CI, confidence interval; OS, overall survival; PFS,
progression-free survival; PD-L1, programmed cell death ligand 1. TC3 or IC3 indicates that over 50% of tumor cells or over 10% of tumor

infiltrating immune cells expressed PD-L1
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between treatment arms below the bTMB-MSAF score < 20
cut-point (Table S4). Moreover, the EGFR wild-type patients
who concurrently had PD-L1 expressing on over 50% tumor
cells or over 10% of tumor-infiltrating immune cells (TC3
or IC3) had the greatest benefits for OS (HR 0.44, 95% CI
0.23-0.81; P = .007) and PFS (HR 0.54, 95% CI 0.32-0.91;
P = .019; Figure 1E,F; see details in Supporting Information
Result 3, Figures S16 and S17, and Table S5). However,
EGFR wild-type patients with bTMB-MSAF score > 20 and
EGFR mutant patients of any threshold showed no difference
in OS or PFS two treatments (Figures S18 and S19).

We finally explored blood-based mutational landscape
associated with ICI efficacy in NSCLC (see details in Sup-
porting Information Result 4, Figures S20-22, and Table S6).
The blood mutation status of TP53, KEAP1, and ATM were
associated with OS following ICI and were incorporated with
race, sex, histology, Eastern Cooperative Oncology Group
Performance Status, sum of the longest diameter, number of
metastasis sites, PD-L1 expression, and treatment response
information were used to develop clinicopathologic-genomic
nomogram, which was well predictive of atezolizumab effi-
cacy (AUC = 0.855, 0.813, 0.860 for 1-, 2-, 3-year OS; Fig-
ure 2A and Supporting Information Table S9 and had high
clinical usefulness (Figure 2B). Full procedure of building and
validating the nomogram was described in Supporting Infor-
mation Result 5, Figures S23-S36, and Tables S6-S11.

Based on the findings above, we recommend ICI as pre-
ferred treatment for EGFR wild-type patients with a bTMB-
MSAF score < 20, especially those in the TC3 or IC3
subgroup. Our bTMB-MSAF score markedly enhances the
degree of correlation with OS compared with bTMB (R? =
0.90 vs 0.68), indicating 22% predictive information was addi-
tionally provided by adding MSAF.

This study is the first to provide evidence on the use of
blood-based genomic alterations as predictors of ICI efficacy,
and we suggest KEAP1, TP53, and ATM be screened for
mutations. The mechanisms for TP53 and KEAP1 mutations
might be analogous with their functions in tissues!®
the clinical relevance of ATM mutation might be explained
by the its role in driving microsatellite instability.” More
molecular signature such as epigenomics using IncRNAs has
been identified as predictor of cancer ICI efficacy.® A main
limitation of this study was that due to a lack of available data,
we were unable to evaluate predictive ability of multi-omics
biomarkers.

In conclusion, a novel b TMB-MSAF algorithm was estab-
lished by adding MSAF to bTMB, which could precisely
identify NSCLC subsets deriving OS and PFS benefits from
atezolizumab over docetaxel, and could synergize with PD-
L1 expression. We suggest that considering blood oncogenic
alterations and clinicopathological to establish the blood-
based genomic nomogram could aid in selecting candidates
to receive ICL

and

CLINICAL AND TRANSLATIONAL MEDICINE 3of5
_

A Receiver operator characteristic analysis

<
o0
]
g AUC=0.860
- O
) Sk
2z
-
g <
() (=)
2
H
a
(=}
S
(=}
1 1 1 1 1 1
0.0 0.2 04 0.6 0.8 1.0

False positive rate

B Decision curve analysis

— bTMB
—— Nomogram
21 — Al
— None
D=
o o
=}
o
)
53
Z
(o}
o
< 4
e \\,-I"
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
High risk threshold

FIGURE 2 Clinicopathologic-genomic nomogram to predict the
survival of patients undergoing atezolizumab. A, Receiver operating
characteristic curves correlating the nomogram with 3-year overall
survival of atezolizumab-treated patients. B, Decision curve analysis
comparing the clinically predictive usefulness between the nomogram
and the b TMB
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