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Review

Liquid Biopsy and Immuno-Oncology for Advanced
Nonsmall Cell Lung Cancer

Léa Sinoquet,®* William Jacot,*® Xavier Quantin,*® T and Catherine Alix-Panabiéres

BACKGROUND: In the last decade, immune checkpoint
inhibitors have revolutionized the treatment of metastat-
ic nonsmall cell lung cancer without oncogenic addic-
tion. Currently, programmed death ligand 1 (PD-L1)
status, assessed in tissue biopsy samples, is the only test
for guiding the prescription of these therapies in clinical
practice. However, obtaining tumor tissue from patients
with lung cancer is not always feasible and PD-L1 posi-
tivity is not a guarantee of immunotherapy efficacy. In
this context, liquid biopsy, represented by several circu-
lating biomarkers that reflect the tumor characteristics, is
emerging as an interesting alternative approach.

CONTENT: We describe the main blood biomarkers
evaluated in patients with metastatic nonsmall cell
lung cancer before/during immune checkpoint inhibitor
treatment, with a focus on circulating cell-free DNA,
circulating tumor DNA (ctDNA), blood tumor muta-
tional burden, and circulating tumor cells (CTCs).

SUMMARY: Monitoring of ctDNA and CTCs during
immunotherapy may be a promising tool to help clini-
cians in therapeutic decision-making,.

Introduction

Recently, the prognosis of advanced nonsmall cell lung

cancer (NSCLC) has been considerably improved by
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tyrosine kinase inhibitors (TKIs) and immune check-
point inhibitors (ICIs).

In the absence of epidermal growth factor receptor
(EGFR) alterations or anaplastic lymphoma kinase rear-
rangements, antibodies against programmed death lig-
and 1 (PD-L1) and programmed death 1 (PD-1) are
now widely used in second- (1) and first-line settings
(2). In first-line settings, pembrolizumab can be used
alone if PD-L1 is expressed on at least 50% of tumor
cells, or in combination with chemotherapy in the other
cases (3). In second-line settings, pembrolizumab, nivo-
lumab, or atezolizumab can be considered (1, 4, 5).

A comprehensive understanding of the predictive
factors of the response to these agents is required for op-
timal patient selection. Indeed, the prognosis of patients
with advanced NSCLC remains poor, highlighting the
need for accurate treatment choice. Moreover, ICIs can
induce severe immune-related adverse events, such as
heart, lung, or liver toxicity (6). New targeted therapies
are emerging for the management of metastatic
NSCLC. For instance, sotorasib, a KRAS inhibitor, has
recently been approved for previously treated patients
with NSCLC harboring the KRAS p.G12C mutation
(7), and other TKIs are under investigation in this setting
(8). The optimal place of anti-PD-(L)1 antibodies among
these innovative molecules needs to be determined. In
clinical practice, PD-L1 tissue expression is the only vali-
dated biomarker to guide the prescription of immuno-
therapy. However, accumulating evidence shows that
PD-L1 expression analysis by immunohistochemistry
alone is not always reliable enough to predict the response
to ICIs, notably because of its spatial heterogeneity (9).
The concept of circulating cancer biomarkers, referred
to as “liquid biopsy,” which can be assessed in various bio-
logical fluids, such as blood, urine, saliva, or cerebrospinal
fluid (10), has been introduced in the last decade to over-
come this problem. It has been proposed that circulating
biomarkers represent more accurately the whole tumor
characteristics and heterogeneity. Furthermore, since li-
quid biopsy is less invasive than tissue biopsy, samples
can be repeatedly collected over time to provide real-time
information on the tumor behavior.

In this review, we discuss the results of studies on
blood biomarkers as predictive markers of the response
to ICIs in patients with advanced NSCLC, with a focus
on circulating cell-free DNA (cfDNA), circulating
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tumor DNA (ctDNA), blood tumor mutational burden,
and circulating tumor cells (CTCs).

We selected studies in the PubMed database using
the following terms (as text and as MeSH terms): “non-
small cell lung cancer” plus “immunotherapy” or “im-
mune checkpoint inhibitors” or “anti-PD-1”7 or
“anti-PD-L1” plus “circulating cell-free DNA” or “cir-
culating tumor DNA” or “blood tumor mutational
burden,” or “circulating tumor cells” or “PD-L1 positive
circulating tumor cells.”

Circulating Tumor DNA and Circulating-free
DNA

In NSCLC, ctDNA is probably the most studied liquid
biopsy-based biomarker. Different sensitive detection
methods have been developed because the fraction of
tumor-specific ¢fDNA varies between 0.1% and
>90% in patients with cancer (11). In clinical practice,
ctDNA is widely used in patients with NSCLC to detect
EGFR mutations when tumor tissue is not available, at
diagnosis or during tumor progression, to determine
the mechanisms of resistance to TKIs (12). Moreover,
different studies have shown that dynamic changes in
plasma ctDNA levels correlate with EGFR-TKI thera-
peutic efficacy (13, 14). In patients with NSCLC receiv-
ing immunotherapy, ctDNA clinical relevance has not
been formally demonstrated. However, many studies
have evaluated ctDNA/cfDNA as a biomarker of re-
sponse to ICls, alone or in combination with other treat-
ments (particularly chemotherapy) (Table 1). In this
context, ctDNA analysis is based on the identification
of the somatic mutation with the highest allele fre-
quency, assessed by next-generation sequencing
(NGS). Then, ctDNA level is expressed by its concentra-
tion or the fraction of mutant alleles (maximum somatic
allele frequency or MSAF). Other authors use the mean
variant allele frequency (VAF) that corresponds to the
mean allele frequency of all detected somatic variants.

Some studies have found that a low ctDNA level at
baseline (i.e., before ICI initiation) is associated with im-
proved overall survival (OS) (15, 20, 24, 29, 31).
However, the most relevant cutoff to define high/low
ctDNA level needs to be determined.

Results are more consistent when ctDNA kinetics
are measured during treatment. Often, ctDNA decrease
during immunotherapy has been associated with im-
proved response to treatment, durable clinical benefits
(i.e., >6 months), and longer progression-free survival
(PES) and OS (15-19, 21, 27, 28, 30, 31, 33).
Importantly, 2 studies showed that early ccDNA changes
(i.e., 2-3 weeks after immunotherapy initiation) can
predict the response/resistance to treatment (16, 27).
Moreover, the molecular response (i.e., change in
ctDNA levels) is observed generally earlier than the
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radiologic response (17, 21, 27), highlighting the poten-
tial of ctDNA as an early response biomarker.

Changes in ctDNA during ICI-based therapy could
be a promising tool to improve treatment decision-
making (Fig. 1). However, the gene number and muta-
tions tested and the allele frequency cutoff used for their
detection are hugely variable among NGS-based studies.
Sometimes, only mutations found both in the tissue bi-
opsy and ctDNA were considered (16, 21), which re-
duces the number of patients eligible for this
molecular monitoring.

Only a few studies have evaluated cfDNA, report-
ing that a low baseline ¢fDNA level is associated with
better clinical outcomes; however, longitudinal moni-
toring has not always been conclusive (22, 29, 32).
Mondelo-Macia et al. reported that a decrease in
cfDNA levels at 12 weeks was associated with improved
PES in 50 NSCLC patients treated with pembrolizu-
mab, alone or in combination with chemotherapy, in
the first-line setting (32). However, Park et al. did not
find any clinical impact of fDNA changes in a smaller
cohort of pretreated NSCLC patients, receiving pem-
brolizumab or atezolizumab, using a different detection

method (29).

Blood Tumor Mutational Burden

The tumor mutational burden (TMB) is defined as the
number of somatic mutations per megabase (mut/Mb)
of sequenced genome. The presence of these variants
may lead to the formation of neoantigens that are recog-
nized by the immune system as nonself, resulting in the
antitumor immune response activation. This suggests
that patients with NSCLC and high TMB could benefit
from immunotherapy. Several findings support the
use of TMB assessed in tissue biopsy samples (tTMB)
as a biomarker of ICI efficacy in advanced NSCLC
(34, 35). However, recent exploratory analyses in the
framework of phase III studies suggest that tTMB has
limited clinical utility. In the Checkmate-227 trial, OS
benefit was comparable with nivolumab plus ipilimu-
mab and with chemotherapy, regardless of the (high or
low) tTMB (36). A pooled analysis of the Keynote
021, 189, and 407 studies gave similar results concern-
ing the pembrolizumab plus chemotherapy combination
(37).

Since TMB cannot usually be assessed due to the
lack of tumor tissue or the low percentage of tumor cells
in the biopsy, several groups investigated whether it
could be measured in cfDNA. In 2017, Fabrizio et al.
developed and analytically validated a blood-based assay
to determine blood tumor mutation burden (bTMB) in
patients with NSCLC (38). The assay limit of detection
was defined as 1% of tumor content in at least 20 ng of

20z el 20 uo Josn ajjauny,p [BA OTHD Ad 2L0¥6.29/£2/1/69/3101E/WLOUI0/WOd"dNO"0ILSPED.//:SARY WO, PEPEOUMOC



Liquid Biopsy and Immunotherapy in NSCLC

advanced NSCLC.

Table 1. Studies assessing cf/ctDNA level as predictive factor of response to ICls in patients with

Patient population

15 patients with
metastatic
NSCLC (+ uveal
melanoma or
colorectal
cancer)
Cabel et al. (15)

14 patients with
metastatic
NSCLC
lijima et al. (16)

28 patients with
metastatic
NSCLC
Goldberg
et al. (17)

15 patients with
stage lll and IV
NSCLC Giroux
Leprieur
et al. (18)

28 (discovery
cohort) and 72
(validating
cohort) patients
with stage Ill and
IV NSCLC
Raja et al. (19)

Ct/cfDNA analysis

methods

NGS (39 genes),

Study type Treatment

Prospective Nivolumab or
pembrolizumab,

2nd line or more

Retrospective  Nivolumab, 2nd line NGS (53 genes)

Anti-PD-1 or
anti-PD-L1 +
anti-CTLA4

antibodies,

Prospective NGS (24 genes)

treatment line
unknown
Nivolumab, 2nd line NGS (22 genes)

(87%) or more

Prospective

Retrospective  Durvalumab, 1stand NGS (73 genes)

analysis of 2 2nd line or more
randomized

trials

ddPCR, or Bi-PAP

Clinical outcomes

-Baseline undetectable ctDNA
associated with improved OS
(univariate analysis)

-Complete ctDNA clearance at 8
weeks associated with OR and
undetectable ctDNA at 8 weeks
associated with improved PFS and
OS (univariate analysis)

-Baseline ctDNA level not associated
with response at the 2nd radiologic
evaluation

-Decrease in MSAF at 2 weeks in all
responders at the 2nd evaluation
and increase in MSAF at 2 weeks in
all nonresponders at the 2nd
evaluation

ctDNA response at any time (drop in
ctDNA level <50% of baseline)
correlated with OR as best
response to treatment, DCB,
improved PFS and OS (univariate
analysis)

-Baseline ctDNA level associated
neither with OR at 8 weeks nor with
DCB

-ctDNA concentration <0.006 ng
mL" at 8 weeks associated with
improved PFS and OS (univariate
analysis), and no increase in ctDNA
level at 8 weeks associated with
OR, DCB, improved PFS and OS
(univariate analysis)

Decrease in mean VAF at 6 weeks
associated with OR as best
response to treatment, DCB,
improved PFS and OS (multivariate

analysis)

Continued
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Table 1. (continued)

Patient population

20 (discovery
cohort) and 12
(validating

cohort) patients

IV NSCLC

Chae et al. (20)
24 patients with

metastatic

NSCLC

Anagnostou

et al. (21)

89 patients with
advanced
NSCLC
Alama et al. (22)

12 patients with
stage lll and IV
NSCLC
Li et al. (23)

64 patients with
stage lll and IV
NSCLC
Wang et al. (24)

31 patients with
metastatic
NSCLC with PFS
>12 months
Hellmann
et al. (25)

with stage Il and

Study type Treatment

Retrospective  Anti-PD-1 or
anti-PD-L1
antibodies, 1st
and 2nd line or

more

Retrospective  Anti-PD-1 +
anti-CTLA4,
anti-LAG3
antibodies or
chemotherapy,
treatment line
unknown

Prospective

or more

Pilot study Pembrolizumab
alone orin
combination with
chemotherapy,
1st or 2nd line

Retrospective  Anti-PD-1 or

anti-PD-L1
antibodies, 1st
and 2nd line or
more

Retrospective  Anti-PD-1 or

anti-PD-L1
antibodies, alone
or in combination
with anti-CTLA4,
anti-LAG3
antibodies,
bevacizumab or

erlotinib, 1st

Nivolumab, 2nd line gPCR using hTERT

Ct/cfDNA analysis
methods

NGS (73 genes)

Clinical outcomes
High baseline MAF (above the
median) associated with poor OS

(multivariate analysis)

NGS (58 genes) Complete ctDNA clearance at any
time associated with improved

PFS and OS (univariate analysis)

-Baseline cfDNA level not associated

gene copy number  with the best response to
treatment

-Low baseline cfDNA level
(concentration <836.5 ng/3 mL)
associated with improved OS
(multivariate analysis)

Higher baseline MSAF in the SD/PD

group than in the PR group

NGS (329 genes)

NGS (150 genes) High baseline MSAF (top 25%)
associated with worse OS

(multivariate analysis)

NGS (number of

genes not

Undetectable ctDNA during
treatment associated with longer
available) event-free survival since blood

collection (univariate analysis)

Continued
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Table 1. (continued)

Patient population

22 patients with
stage lll and IV
NSCLC
Chen et al. (26)

45 patients with
advanced
NSCLC Ricciuti
et al. (27)

45 patients with
metastatic
NSCLC
Thompson
et al. (28)

24 patients with
stage lll and IV
NSCLC
Park et al. (29)

94 patients with

advanced

NSCLC Zou et al.

(30)

100 patients with
advanced lung
adenocarcinoma
van der Leest
et al. (31)

50 patients with
advanced
NSCLC

Study type

Pilot study

Retrospective

Prospective

Prospective

Retrospective
analysis of a

phase Ill trial

Retrospective

Prospective

Anti-PD-1 or

Ct/cfDNA analysis
Treatment methods
(72%) and 2nd line
or more

Camrelizumab + NGS (605 genes)
apatinib, 2nd line

(64%) or more

Pembrolizumab NGS (36 genes)
alone orin
combination with
chemotherapy,
1st line

Pembrolizumab NGS (74 genes)
alone orin
combination with
chemotherapy,
1st or 2nd line

Pembrolizumab or
atezolizumab, 2nd  method

line or more (97%)

Atezolizumab versus NGS (197 genes)

chemotherapy,
2nd line

ddPCR
anti-PD-L1

antibodies, 1st

(25%) and 2nd line

or more

Pembrolizumab
alone or in

combination with

Fluorometric-based

gPCR using hTERT

gene copy number

Clinical outcomes

Higher baseline ctDNA level
associated with worse PFS
(multivariate analysis), but no
difference when dichotomized in
"“ctDNA negative” and “ctDNA
positive”

Decrease in MSAF at 3 weeks
associated with OR as best
response to treatment, PFS and

OS (multivariate analysis)

Decrease in mean VAF >50% at 9
weeks associated with OR, DCB,
PFS, and OS (univariate analysis)

-Low baseline cfDNA level
(concentration <5.8 ng mL™")
associated with improved OS
(univariate analysis)

-Change in cfDNA level during
treatment not associated with
clinical outcomes

-Low MMPM at 6 weeks associated
with improved OS in both arms
(univariate analysis)

-Decrease in maximum AF >50% at
6 weeks associated with OS in
both arms (univariate analysis)

-Low baseline ctDNA level (below
the median) associated with
improved PFS and OS (univariate
analysis)

-ctDNA decrease at 4-6 weeks
associated with DCB, improved
PFS and OS (univariate analysis)

-Low baseline cfDNA level
(£2132.39 GE/mL for PFS and
<2075.59 GE/mL for OS)

Continued
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Table 1. (continued)

Patient population Study type Treatment
Mondelo-Macia chemotherapy,
et al. (32) 1st line

134 patients with  Exploratory Camrelizumab +

stage lll and IV analysis of a chemotherapy,
squamous phase IlI trial 1st line
NSCLC

Ren et al. (33)

Ct/cfDNA analysis
methods

Clinical outcomes
associated with improved PFS and
OS (univariate analysis)

-Low cfDNA levels at baseline and at
12 weeks or cfDNA decrease at 12
weeks associated with improved
PFS (univariate analysis)

NGS (number of

genes not

-Baseline ctDNA level not associated
with response to treatment

available) -Low mean VAF (below the median)
after 2 cycles associated with OR,
and undetectable ctDNA at
baseline and after 2 cycles or
ctDNA decrease after 2 cycles
associated with improved PFS and

OS (univariate analysis)

Bold font indicate statistically significant associations.

Abbreviations: AF, allele frequency; Bi-PAP, bidirectional pyrophosphorolysis activated polymerization; DCB, durable clinical benefit;
ddPCR, droplet-digital PCR; GE/mL, genome equivalents per milliliter; MAF, mutant allele frequency; MMPM, mutant molecules per milli-
liter; MSAF, maximum somatic allele frequency; NGS, next-generation sequencing; OS, overall survival; OR, objective response; PD, pro-
gressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease; VAF, variant allele frequency.

cfDNA (>1% of MSAF). Table 2 lists published studies
that evaluated bTMB clinical utility in patients with ad-
vanced NSCLC treated with ICIs. One of the first pub-
lished studies was a retrospective analysis of 2 large
randomized trials on atezolizumab as second or further
line treatment (39). Analyses performed in blood samples
from patients in the POPLAR study demonstrated that
bTMB >16 mutations per 1.1 megabase is a clinically
meaningful and technically robust cutoff point in
patients with NSCLC. These results were validated
using blood samples from the OAK study. Although
bTMB and tTMB were positively correlated (Spearman
rank correlation: 0.64; 95% confidence interval (CI):
0.56-0.71), a lower proportion of tumor-derived plasma
DNA and a longer interval between tissue and plasma
sampling were associated with a higher discordance
rate. Numerous other studies have found a high bTMB
to be predictive of longer PES in patients with NSCLC
treated with ICIs (23, 39-43), and one study showed
an association with OS (44). However, 2 studies failed
to confirm the positive impact of high bTMB in their val-
idation cohorts (20, 45). Moreover, Wang et al. did not
find any correlation between bTMB and clinical out-
comes using a threshold of 6 mut/Mb (24). These results
are supported by 2 larger prospective trials. The phase II
B-F1RST trial investigated PES according to the bTMB
as primary endpoint in 119 patients with advanced

28 Clinical Chemistry 69:1 (2023)

NSCLC who received first-line atezolizumab. PES and
OS were longer in patients with bTMB >14.5 mut/Mb
vs <14.5 mut/Mb, but the difference was not significant
(PES: 5.0 vs 3.5 months, HR 0.80, 90% CI: 0.54—1.18
and OS: 23.9 vs 13.4 months, HR 0.66, 90% CI:
0.40-1.10) (46). Similarly, the phase III NEPTUNE
trial (NCT02542293) that compared first-line durvalu-
mab and tremelimumab vs platinum-based chemo-
therapy did not meet the primary endpoint of
OS improvement in patients with high bTMB
(>20 mut/Mb) (47). Four phase III trials explored
bTMB predictive value in patients with NSCLC who
received immunotherapy in combination with chemo-
therapy. Wang et al. reported a PFS improvement with
the tislelizumab plus chemotherapy combination, re-
gardless of the bTMB (48), but with significant results
only in the high bTMB group. In the other 3 trials, the
combination treatment benefit was not influenced by
bTMB (49-51).

All this data shows that bTMB is inconsistently as-
sociated with clinical outcomes in patients with ad-
vanced NSCLC receiving ICIs. This could be partly
explained by the lack of standardization in detection
methods, as for ctDNA level. Indeed, the panel of se-
quenced genes, the mutations analyzed, the allele fre-
quency cutoff used for their selection, and the mut/

Mb threshold to define high bTMB differ significantly
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Fig. 1. Compared to tissue biopsy (1), liquid biopsy (LB) (2) can be used to capture both spatial and tem-
poral tumor heterogeneity and to monitor the subclonal evolution of the disease during treatment with
ICls. CTC and ctDNA analysis can also be used to distinguish between pseudoprogression and true pro-
gression, and during the phase of disease control (minimal residual disease) to anticipate new progres-
sions. Created with BioRender.com. Abbreviations: CTCs, circulating tumor cells; ctDNA, circulating
tumor DNA; ICls, immune checkpoint inhibitors; LB, liquid biopsy.

among studies. Nabet et al. suggested that the ctDNA
amount, which is positively correlated with the bTMB
level and is associated with a negative prognostic value
in NSCLC, could be responsible for the bTMB failure
to predict OS in patients with NSCLC receiving ICls
(52). In their study, “normalized bTMB” (relative to
ctDNA  concentration) predicted PFS better than
bTMB. Similarly, Wang et al. used an allele
frequency-adjusted bTMB (24) and demonstrated that
only high “low-allele frequency bTMB” (i.e., bTMB
>12 mut/Mb when only mutations with an allele fre-
quency <5% were considered) was predictive of longer
OS in patients with NSCLC treated with anti-PD-(L)
1 agents.

Finally, dynamic bTMB changes also could be of
interest. In the phase III study that compared

camrelizumab plus chemotherapy vs chemotherapy
alone, a decrease in bTMB after 2 cycles of the combin-
ation treatment was associated with longer PES (50).
These results need to be validated in independent
studies.

Circulating Tumor Cells

CTCs can provide complete information about the tu-
mor characteristics because they can be used for genom-
ic, proteomic, transcriptomic, and secretomic analyses
(53). However, their detection and complete isolation
require very sensitive technologies due to their very
low numbers in the bloodstream (approximately one
CTC per 10°-10” leukocytes) and their phenotypic
changes over time (10). CTC detection includes a first
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advanced NSCLC.

Table 2. Studies assessing baseline bTMB as predictive factor of response to ICls in patients with

Patient population

287 (discovery
cohort) and 850
(validating cohort)
patients with
advanced NSCLC
Gandara et al. (39)

50 patients with
stage lll and IV
NSCLC
Wang et al. (41)

20 (discovery
cohort) and 12
(validating cohort)
patients with
stage lll and IV
NSCLC
Chae et al. (20)

12 patients with
stage lll and IV
NSCLC
Li et al. (23)

64 patients with
stage lll and IV
NSCLC
Wang et al. (24)

1118 patients with
metastatic NSCLC
Rizvi et al. (44)

66 patients with
metastatic NSCLC

Study type
Retrospective
analysis of 2
large
randomized

trials

Retrospective

Retrospective

Pilot study

Retrospective

Pre-specified
exploratory
analysis of a

phase Il trial

Prospective

Treatment
Atezolizumab versus
chemotherapy,

2nd line or more

Anti-PD-1 or
anti-PD-L1
antibodies, 1st and
2nd line or more

Anti-PD-1 or
anti-PD-L1
antibodies, 1st and

2nd line or more

Pembrolizumab
alone or in
combination with
chemotherapy, 1st
or 2nd line

Anti-PD-1 or
anti-PD-L1
antibodies, 1st and
2nd line or more

Durvalumab versus
durvalumab +
tremelimumab
versus
chemotherapy, 1st

line

Pembrolizumab

alone or in

bTMB analysis methods
and cutoffs

NGS (Foundation One,
panel of 394 genes),
16 mutations per 1.1
megabases,
equivalent to
~14.5 mut/Mb

NGS (NCC-GP150,
panel of 150 genes),
6 mut/Mb

NGS (Guardant360,
panel of 73 genes),
median bTMB
(14.5 mut/Mb)

NGS (Qiyuan, panel of
329 genes), median
bTMB (21 mut/Mb)

NGS (NCC-GP150,
panel of 150 genes),
6 mut/Mb

NGS (Guardant OMNI,

panel of 500 genes),
20 mut/Mb

NGS (Guardant OMNI,

Clinical outcomes

High bTMB (>16 mut/
1.1 Mb) associated with
improved PFS but not
OS, for atezolizumab
versus chemotherapy
(univariate analysis). No
difference in the low
bTMB group

High bTMB (>6 mut/Mb)
associated with
improved ORR and PFS
(multivariate analysis)

-High bTMB (>14.5 mut/
Mb) associated with
worse PFS and OS in
the discovery cohort
(univariate analysis).

-bTMB not associated with
clinical outcomes in the
validation cohort

High bTMB (>21 mut/Mb)
associated with
improved PFS

(univariate analysis)

bTMB not associated with

clinical outcomes

High bTMB (>20 mut/Mb)
associated with
improved ORR, PFS,
and OS for durvalumab
+tremelimumab versus
chemotherapy
(univariate analysis). No
improvement in the low
bTMB group

-Median bTMB
significantly higher for

Continued
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Table 2. (continued)

Patient population
Aggarwal
et al. (40)

22 patients with
stage lll and IV
NSCLC
Chen et al. (26)

554 patients with
metastatic NSCLC
with PD-L1> 1%
(tumor cells and/
or immune cells)
Herbst et al. (42)

13 patients with
advanced NSCLC
Ma et al. (43)

42 (exploratory
cohort) and 14
(validating cohort)
patients with
stage lll and IV
NSCLC
Chen et al. (45)

389 patients with
stage lll and IV
NSCLC
(squamous cell
carcinoma only)

Jiang et al. (50)

Study type

Pilot study

Pre-specified
subgroup
analysis of a

phase Il trial

Retrospective

Prospective

Pre-specified
exploratory
analysis of a

phase Il trial

Treatment
combination with
chemotherapy, 1st

line

Camrelizumab +
apatinib, 2nd line

(64%) or more

Atezolizumab versus
chemotherapy, 1st

line

Pembrolizumab or

nivolumab, 2nd line

Anti-PD-1 or
anti-PD-L1
antibodies, 1st (5%)
and 2nd line or

more

Camrelizumab +
chemotherapy
versus
chemotherapy

alone, 1st line

bTMB analysis methods
and cutoffs

panel of 500 genes),
16 mut/Mb

NGS (HaploX, panel of
605 genes), 66.7
percentile bTMB
value (6.96 mut/Mb)

NGS (Foundation One,
panel of 394 genes),
16 mutations per 1.1
megabases,
equivalent to
~14.5 mut/Mb

NGS (xGen Lockdown
Probes, panel of 547
genes), 6 mut/Mb

NGS (OncoScreen,
panel of 520 genes),
11 mut/Mb

NGS (HyperCap
Target Enrichment
Kit, panel of 543
genes), 75%

Clinical outcomes
patients with OR at 9
weeks and OR/SD at 6
months (multivariate

analysis)

-High bTMB (>16 mut/

Mb) associated with

improved PFS but not

OS (multivariate analysis)
bTMB not associated with

clinical outcomes

High bTMB (>16 mut/

1.1 Mb) associated with
improved PFS but not
OS for atezolizumab
versus chemotherapy
(univariate analysis). No
improvement in the low
bTMB group

High bTMB (=6 mut/Mb)
associated with
improved ORR and PFS,
but not OS (univariate
analysis)

-High bTMB (>11 mut/
Mb) associated with
improved PFS in the
exploratory cohort

(univariate analysis)

-bTMB not associated with

clinical outcomes in the
validating cohort
bTMB not associated with

clinical outcomes

disease.

Abbreviations: BEP, biomarker evaluable population; ITT, intention to treat population; mut/Mb, mutations per megabase; NGS, next-
generation sequencing; OR, objective response; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; SD, stable
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Table 3. Studies assessing CTCs as predictive factor of response to ICls in patients with advanced
NSCLC.

Patient population
17 patients with
metastatic
NSCLC
Dhar et al. (57)
96 patients with
metastatic
NSCLC
Guibert
et al. (58)

11 patients with
stage lll and IV
NSCLC
Janning
et al. (59)

104 patients with
stage lll and IV
NSCLC
Tamminga
et al. (60)

89 patients with
advanced
NSCLC Alama
et al. (22)

35 patients with
metastatic or
relapsed
NSCLC
Castello
et al. (61)

Study type Treatment

Pilot study

avelumab, nivolumab +

ipilimumab, treatment line

unknown

Prospective  Nivolumab, 2nd line

Prospective  Nivolumab, pembrolizumab,

atezolizumab, 1st, 2nd,

and 3rd line

Prospective  Nivolumab (85%),

pembrolizumab,

atezolizumab, nivolumab

+ipilimumab, 2nd line or

more (96%)

Prospective  Nivolumab, 2nd line or more

Prospective  Nivolumab (57%),

pembrolizumab,

atezolizumab, nivolumab

+ipilimumab, 1st (26%),

and 2" line or more

Nivolumab, pembrolizumab,

CTC detection
methods

Vortex HT Chip
(inertial

forces)

ISET (size)

Parsortix (size,

deformability)

CellSearch®
(EpCAM)

ScreenCell (size)

ISET

Clinical outcomes

Baseline CTC count not associated
with PFS

-High baseline CTC count (>30/
7.5 mL of blood) associated with
worse PFS and OS (univariate
analysis)

-Median CTC number higher at
disease progression

CTC decrease or stability at 3-5
weeks in 89% of
nonprogressive patients versus
increase, at progression time,
in all progressive patients

-CTC presence at baseline or at 4
weeks not associated with early
response (4-6 weeks), but
correlated with lower durable
response (>6 months)

-CTC presence at baseline
associated with worse PFS and
OS (multivariate analysis)

-CTC increase at 4 weeks
associated with worse PFS and
OS (multivariate analysis)

-Baseline CTC count not associated
with best response to treatment

-High baseline CTC count (>2/

3 mL of blood) associated with
worse OS (multivariate analysis)

-Baseline CTC count not associated
with clinical outcomes

-CTC increase at 8 weeks
associated with metabolic
progressive disease, and high
CTC count (>11/10 mL of blood)
at 8 weeks associated with
worse PFS and OS (multivariate

analysis)

Continued
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Liquid Biopsy and Immunotherapy in NSCLC

Table 3. (continued)

Patient population
15 patients with
advanced
NSCLC
Papadaki
et al. (62)

50 patients with
advanced
NSCLC
Mondelo-
Macia
et al. (32)

83 patients with
stage lll and IV
NSCLC
Park et al. (29)

44 patients with
advanced
NSCLC
lkeda et al. (63)

39 patients with
advanced
NSCLC
Dall'Olio
et al. (64)

Study type

Prospective

Prospective

Prospective

Prospective

Prospective

Treatment

Anti-PD-1 antibodies, 2"

and 3™ line

Pembrolizumab alone or in
combination with

chemotherapy, 1% line

Pembrolizumab or
atezolizumab, 2" line or
more (97%)

Nivolumab, 2" line or more
(99%)

Pembrolizumab, nivolumab
or atezolizumab, 2" line

or more

CTC detection
methods

ISET and

Parsortix

CellSearch®

and Parsortix

CD-PRIME

system (size)

MCA system

(size)

CellSearch®

Clinical outcomes

-CTC presence at baseline
(detected by Parsortix)
associated with progressive
disease as best response to
treatment

-CTC presence at baseline
(detected by any method)
associated with worse PFS, but
not with OS (univariate analysis)

-Higher CTC count at baseline
(detected by CellSearch)
associated with subsequent
progressive disease

-CTC presence at baseline
(detected by CellSearch)
associated with worse PFS and
OS (multivariate analysis)

- Baseline CTC count not
associated with clinical outcomes

-CTC increase at 3 weeks
associated with worse PFS and
OS (multivariate analysis)

-CTC increase at 8 weeks
associated with nonprogressive

disease

-CTC presence at baseline
associated with worse PFS and

OS (multivariate analysis)

Abbreviations: OS, overall survival; PFS, progression-free survival.

enrichment step based on their biological (e.g., expres-
sion of surface proteins/receptors) or physical (e.g.,
size, deformability, density, and electric charges) proper-
ties before the detection and characterization phase (10).

In 2015, we described the detection of PD-L1-positive
(PD-L1%) CTCs (54). Their clinical relevance was then
shown in patients with breast cancer (55) and NSCLC
(56) receiving chemotherapy (PFS and OS). In the context
of liquid biopsy in immuno-oncology, several groups

investigated CTCs and PD-L1® CTCs as predictive bio-
markers of immunotherapy efficacy in advanced NSCLC
(Tables 3 and 4, respectively).

CTC presence (or count) at baseline seems to be as-
sociated with the durable response rather than the early
response to ICls (32, 60, 61). In terms of survival, these
results translated into a negative impact of baseline
CTC presence (or count) on PFS and OS in most stud-
ies with large sample size (22, 32, 58, 60). Concerning
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Table 4. Studies assessing PD-L1*) CTCs as predictive factor of the response to ICls in patients with
advanced NSCLC.

Patient

population Study type Treatment

17 patients Pilot study Nivolumab,
with pembrolizumab,
metastatic avelumab, nivolumab
NSCLC + ipilimumab;
Dhar treatment line
et al. (57) unknown

96 patients Prospective Nivolumab, 2™ line
with
metastatic
NSCLC
Guibert
et al. (58)

11 patients Prospective Nivolumab,
with stage Il pembrolizumab,
and IV atezolizumab, 1st,
NSCLC 2nd, and 3rd line
Janning
et al. (59)

16 patients Prospective Nivolumab, 2nd line
with stage Il (87%)
and IV
NSCLC
Zhang
et al. (65)

15 patients Prospective Anti-PD-1 antibody,
with 2nd and 3rd line
advanced
NSCLC
Papadaki
et al. (62)

50 patients Prospective Pembrolizumab alone
with or in combination
advanced with chemotherapy,
NSCLC 1st line

CTC detection
methods

Vortex HT Chip
(inertial

forces)

ISET (size,
deformability)

Parsortix

SE-iFISH
(subtraction

enrichment)

ISET and
Parsortix
(size,

deformability)

CellSearch®

and Parsortix

Antibody against
PD-L1, definition of
CTC PD-L1 positivity

4059 (ProSci Inc), Baseline PD-L1® CTC

Clinical outcomes

PD-L1 count not associated
expressed on >1  with PFS
CTC

D8T4X (Cell Baseline PD-L1 CTC
Signaling), presence not associated
PD-L1 with PFS or OS. But

expressed on patients with PD-L1%

>1% of CTCs CTCs more frequently
nonresponders (PFS < 6
months). At progression,
PD-L1" CTCs in 23/24

assessable patients

D8T4X (Cell PD-L1*) CTC decrease or
Signaling), stability at 3-5 weeks in
PD-L1 all nonprogressive

expressed on >1  patients versus

CTC increase, at the time of
progression, in all
progressive patients

Baseline PD-L1*" CTC

presence not associated

29E.2A3
(Dana-Farber
Cancer with clinical outcomes
Institute), PD-L1

expressed on >1

CTC

ETL3N (Cell Baseline PD-L1 CTC
Signaling), presence not associated
PD-L1 with clinical outcomes

expressed on >1
CTC

Antihuman B7-H1/ Baseline PD-L1* CTC
PD-L1 presence not associated
(R&D Systems),
PD-L1

with clinical outcomes

Continued
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Table 4. (continued)
Antibody against

Patient CTC detection  PD-L1, definition of

population Study type Treatment methods CTC PD-L1 positivity Clinical outcomes
Mondelo- expressed on >1
Macia CTC
et al. (32)

44 patients Prospective Nivolumab, 2nd line or MCA system 28-8 (Abcam), A majority of increase in the
with more (99%) (size) PD-L1 PD-L1* CTC count and
advanced expressed on >1  the PD-L1 positivity rate
NSCLC CTC at progression time.
lkeda PD-L1 positivity rate
et al. (63) >7.7% at 8 weeks

associated with
improved PFS but not
with OS (univariate
analysis)

39 patients Prospective Pembrolizumab, CellSearch® MIH3 (BioLegend), Baseline PD-L1 M cTC
with nivolumab or PD-L1 presence associated
advanced atezolizumab, 2nd expressed on >1 with worse PFS and OS,
NSCLC line or more CTC compared with CTC
Dall’Olio absence (multivariate
et al. (64) analysis)

Abbreviations: OS, overall survival; PFS, progression-free survival.

CTC dynamics during treatment, 3 studies reported an
increase in CTC count at tumor progression detection
(58, 59, 61). Two studies showed that an early increase
in CTC number, at week 3—4 after treatment initiation,
negatively affects PFS and OS (29, 60). Only Ikeda
etal. found a CTC increase in the nonprogressive group
(absence of disease progression at week 8 of treatment)
compared with the progressive group (disease progres-
sion between week 4 and week 8) (63). The authors
suggested that this unexpected result was related to tu-
mor tissue disruption during treatment. However, since
they used an original microcavity array system for CTC
enrichment from whole blood, they might have missed
small-size CTCs. Indeed, this technology is based on
size and deformability differences between tumor and
blood cells (66) and has not yet been approved by the
US Food and Drug Administration (FDA). Currently,
the CellSearch system is the only FDA-cleared CTC de-
tection method because of its standardization and re-
producibility (10).

The predictive value of PD-L1* CTC on the re-
sponse to immunotherapy was described for the first
time by Nicolazzo et al. in 2016 (67), but remains

unclear (Table 4). In most of the published series,
the presence of PD-L1™ CTCs at baseline was not
associated with clinical outcomes, but 3 studies
reported an increase in PD-L1®) CTCs at tumor
progression detection (58, 59, 63). Further studies
are needed to clarify the predictive value of this
CTC subpopulation.

In summary, CTC monitoring could be an early
predictor of patients who will benefit from immunother-
apy and serve as a complementary tool to radiologic as-
sessment for therapeutic decision-making (Fig. 1). As
the technical heterogeneity in CTC characterization
clearly affects the clinical outcomes (32), the main chal-
lenge is to define standard operating procedures for
CTC detection: technology and anti-PD-L1 antibody
used. Moreover, the optimal threshold to predict the
treatment response has not been determined yet. It
seems that dichotomizing between CTC presence vs ab-
sence at baseline is more discriminating than using a
threshold based on the median CTC number in the co-
hort. The ongoing LIBIL trial (NCT02511288), a
French prospective study on 900 patients, aims to evalu-
ate ctDNA and CTC predictive value on treatment
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Table 5. Ongoing interventional studies to assess the predictive value of ctDNA level and bTMB for the
response to ICls in patients with advanced NSCLC.

Biomarker Patients, n Treatment End date number
ctDNA 60 Chemotherapy or immunotherapy February WHENII, NCT03481101
2021
ctDNA 100 Chemotherapy, targeted therapy, or  February ELUCID, NCT03926260
immunotherapy 2023
ctDNA + circulating 300 Immunotherapy May 2024 LIBERTY LUNG,
immune cells NCT04790682
bTMB 440 Atezolizumab versus chemotherapy  April 2024 BFAST, NCT03178552,
COHORT C
bTMB 118 Pembrolizumab plus chemotherapy =~ November KEYNOTE-782,
2021 NCT03664024
bTMB + circulating 100 Nivolumab May 2020 NCT04082988
immune cells
bTMB 100 Atezolizumab June 2022 BUDDY, NCT04059887

Clinical trial name and/or

response in a dedicated cohort of patients with NSCLC
treated by immunotherapy.

Limitations of Current Studies and Future
Direction

Published studies indicate that ctDNA level and CTCs
may have clinical utility for predicting the response to
ICls in patients with advanced NSCLC. Although the le-
vel of evidence is low (i.e., studies with small sample size
and not always with a prospective design), overall, the
studies highlight the prognostic impact of these 2 biomar-
kers in NSCLC. Their predictive value cannot be consid-
ered to be only ICI-specific. Indeed, in 94 NSCLC
patients of the OAK trial, a high ctDNA level at 6 weeks
was associated with poorer OS either in atezolizumab or
docetaxel groups, and CTC presence at baseline has been
recognized as a negative prognostic factor in 550 NSCLC
patients mostly treated by chemotherapy (30, 68).
However, ctDNA and CTC kinetics during immuno-
therapy can be easily used to predict the tumor response
or treatment failure and survival, particularly when they
are combined (22). For instance, radiologic assessment
of the objective response can be hindered by the develop-
ment of pseudoprogression, and CTC and/or ctDNA ki-
netics could help to distinguish this phenomenon from
true progression (28). Alama etal. showed that in patients
with radiological progression who continued immuno-
therapy because of a clear clinical benefit, the combined
presence of high ctDNA levels and CTC number in-
creased the risk of death by a factor of 8 compared with

36 Clinical Chemistry 69:1 (2023)

low or absent ctDNA levels/CTC number (22).
However, the clinical impact of an early therapeutic
switch on the basis of ctDNA/CTCs remains unknown
and needs to be evaluated in a dedicated trial.

It has been suggested that ctDNA and CTCs could
also help to decide the immunotherapy duration in pa-
tients with durable clinical benefit. Indeed, Hellmann
et al. found that undetectable ctDNA during treatment
was associated with longer event-free survival in 31 pa-
tients who had not progressed at 12 months from im-
munotherapy initation (25). As the optimal ICI
duration in responding patients remains unknown, a
trial to assess treatment alleviation in patients with un-
detectable ctDNA could be proposed.

PD-L1% CTC presence at baseline is a negative
prognostic factor in various cancers, including NSCLC
(69). However, its predictive value for patients with
NSCLC treated by ICIs has not been demonstrated, al-
though PD-L1% CTCs tend to increase at progression
time. The ongoing ALCINA trial (NCT04025541), in
which PD-L1% CTCs are monitored during anti-PD-
(L)1 therapy, could help to determine how this CT'C sub-
population can predict the response or resistance to these
agents. Several large observational studies are currently
investigating the predictive value of PD-L1% CTCs in
advanced NSCLC (Immunopredictc NCT02827344,
NCT04490564).

Blood TMB, which was initially considered very
promising, remains a controversial biomarker of im-
munotherapy efficacy in NSCLC, notably because of
the negative results of the B-FIRST and NEPTUNE
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trials. The performance of bTMB may be improved by
adjusting its value relative to the allele frequency, as sug-
gested by Wang et al. (24), but this needs to be further
investigated.

The ongoing interventional trials on ctDNA or
bTMB are listed in Table 5. For example, the BFAST
trial (NCT03178552) is a phase II/III multicohort study
to evaluate the safety and efficacy of targeted therapies or
immunotherapy in patients with advanced NSCLC har-
boring oncogenic somatic mutations or high TMB,
identified by 2 blood-based NGS ctDNA assays.
Analysis of the high bTMB cohort, in which patients
are randomized between atezolizumab and chemother-
apy, will help to clarify the role of this biomarker.

One of the limitations of the biomarkers presented
in this review is linked to the high percentage of patients
with NSCLC in whom one or more biomarkers cannot
be detected (i.e., 9%—-50% of patients without detect-
able CTCs at baseline and lack of specific ctDNA muta-
tions in tumors without oncogenic driving mutations).
To overcome this issue, the value of combining different
liquid biopsy-based biomarkers (70), assessed before and
during immunotherapy, should be investigated.

Specific mutations in different genes, such as
STK11 and KEAPI, are predictors of resistance to
ICIs in NSCLC (35, 71). These mutations can be de-
tected and quantified in ctDNA in a noninvasive
manner. Aggarwal et al. evaluated specific genetic mu-
tations in addition to bTMB using a 500-gene NGS
panel in 66 patients with NSCLC who received first-
line pembrolizumab-based treatment (40). The group
found that a bTMB >16 mut/Mb had a positive pre-
dictive value (PFS and OS) only in the absence of
STK11/KEAPI/PTEN or HER2 exon 20 mutations.

Among the other potential predictive liquid biopsy-
based biomarkers of ICI response, circulating immune
cells and extracellular vesicles (e.g., exosomes) are cur-
rently under investigation. Han et al. collected blood
samples from 40 patients with NSCLC who received
anti PD-(L)1 antibodies, and observed longer PES in pa-
tients with high TCR diversity in PD-1" CD8" lym-
phocytes before treatment and in patients with
increased TCR clonality after immunotherapy (72).
PD-L1 exosomes also have been evaluated, with dis-
cordant results. Gunasekaran et al. suggested that a de-
crease of PD-L1") exosomes (after 8 weeks of
treatment vs pretreatment) predicted better clinical out-
comes (PFS and OS) in 25 patients treated with PD-(L)
1 inhibitors (73). Conversely, another group showed
that a fold change >1.86 in PD-L1™ exosomes after 2
months of immunotherapy was associated with better ef-
ficacy in 20 patients with NSCLC (74). Future studies
will precisely determine the value of PD-L1®
However, since the different groups used different meth-
ods to enrich and detect exosomes and to analyze PD-L1

€xosomes.

expression, data cannot be compared. Therefore, it
should be important to define guidelines for exosome
identification and characterization and to standardize
the operating procedures.

Summary

The use of liquid biopsy is rapidly growing in the field of
cancer immunotherapy. Based on an overview of the po-
tential interest of cf/ctDNA, bTMB, and CTC:s for pre-
dicting ICI efficacy in patients with advanced NSCLC,
ctDNA, or/and CTC monitoring during treatment
could help to tailor therapeutic choices. The main lim-
itations for their use are represented by the lack of stand-
ardization in detection methods and operating
procedures. This standardization and the clinical imple-
mentation of liquid biopsy are the aim of the
International Liquid Biopsy Standardization Alliance
and the European Liquid Biopsy Society (75). More
interventional studies are needed to demonstrate the
clinical udility of these promising biomarkers (70).

Nonstandard Abbreviations: PD-L1, programmed death ligand 1;
PD-1, programmed death 1; ctDNA, circulating tumor DNA;
CTC, circulating tumor cell; NSCLC, nonsmall cell lung cancer;
TKIs, tyrosine kinase inhibitors; ICIs, immune checkpoint inhibitors;
EGFR, epidermal growth factor receptor; cfDNA, cell-free DNA;
NGS, next-generation sequencing; MSAF, maximum somatic allele
frequency; VAF, variant allele frequency; OS, overall survival; PFS,
progression-free survival; TMB, tumor mutational burden; mut/Mb,
mutations per megabase; tTMB, tissue tumor mutational burden;
bTMB, blood tumor mutational burden; PD-L1% CTCs,
PD-L1-positive CTCs.

Human Genes: KRAS, Kirsten rat sarcoma viral oncogene homolog;
ALK, Anaplastic lymphoma kinase; EGFR, Epidermal growth factor
receptor; STK11, Serine/threonine kinase 11; KEAPI, Kelch like
ECH associated protein 1; PTEN, Phosphatase and tensin homolog;
HER2, Erb-B2 receptor tyrosine kinase 2.
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