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ABSTRACT

Background Quantification of circulating tumor DNA
(ctDNA) levels is a reliable prognostic tool in several
malignancies. Dynamic changes in ctDNA levels in
response to treatment may also provide prognostic
information. Here, we explore the value of changes in
ctDNA levels in response to immune checkpoint inhibitors
(ICls).

Methods We searched MEDLINE (host: PubMed) for
trials of ICls in advanced solid tumors in which outcomes
were reported based on change in ctDNA levels. ctDNA
reduction was defined as reported in individual trials.
Typically, this was either >50% reduction or a reduction
to undetectable levels. We extracted HRs and related 95%
Cls and/or p values comparing ctDNA reduction versus no
reduction for progression-free survival (PFS) and/or overall
survival (0S). Data were then pooled in a meta-analysis.
Variation in effect size was examined using subgroup
analyses.

Results Eighteen trials were included in the meta-
analysis. ctDNA levels were detectable in all participants
in all studies prior to initiation of ICls. A reduction in ctDNA
measured 6-16 weeks after starting treatment was
associated with significantly better PFS (HR 0.20; 95%Cl,
0.14 to0 0.28; p<0.001). Similarly, 0S was superior in
patients with reduced ctDNA levels (HR 0.18; 95%Cl, 0.12
10 0.26; p<0.001). The results were consistent across all
disease sites, lines of treatment, magnitude of change (to
undetectable vs >50% reduction) and whether treatment
exposure comprised single or combination ICIs.
Conclusions In advanced solid tumors, a reduction

in ctDNA levels in response to ICls is associated with
substantial improvements in outcome. ctDNA change is
an early response biomarker which may allow for de-
escalation of cross-sectional imaging in patients receiving
ICls or support treatment de-escalation strategies.

BACKGROUND

Monitoring response to treatment is critical
to the management of advanced solid tumors,
where treatment decisions are made typically
based on clinical, biochemical and radio-
logical assessment. While in some patients,
clinical and/or biochemical changes can be
useful in evaluating response early during

WHAT IS ALREADY KNOWN ON THIS TOPIC

= There is a need to validate dynamic markers that
provide early and reliable insights about disease re-
sponse. The predictive role of circulating tumor DNA
(ctDNA) change in response to treatment is unclear,
especially in unselected advanced solid tumors
treated with immune checkpoint inhibitors (ICls).

WHAT THIS STUDY ADDS

= The utilization of a systematic review provides an in-
creased level of certainty regarding the association
between ctDNA reduction and improved outcomes.
This meta-analysis observed substantially improved
progression-free survival (PFS) and overall survival
(0S), with a reduction in ctDNA levels in response
to ICls.

= These results support the use of ctDNA change as a
clinically valid early response biomarker which may
allow for de-escalation of cross-sectional imaging
in patients receiving ICls or support treatment de-
escalation strategies.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Further research is needed to assess the clinical
utility of changes in ctDNA changes. Additional data
are also required to standardize detection methods
which will improve reproducibility results.

treatment, in others, there may not be mean-
ingful markers which can be utilized. In addi-
tion, symptom assessment can be confounded
by toxicity of cancer therapy. Therefore, in
most solid tumors, response to treatment is
assessed using cross-sectional imaging at set
intervals.'

In patients with solid tumors treated
with immune checkpoint inhibitors (ICIs),
imaging can be difficult to interpret during
the initial phase of treatment. Specifically,
a phenomenon of pseudoprogression has
been described,2 % where an initial increase in
tumor size is observed thatis followed typically
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by tumor regression and does not reflect true disease
progression.* The ability to incorporate complemen-
tary parameters in order to accurately evaluate patients’
response to treatment with IClIs is therefore valuable.

Multiple biomarkers can be found in the circulation
including circulating tumor cells, circulating cell-free
DNA (especially circulating tumor DNA, (ctDNA)),
circulating cell-free RNA or extracellular vesicles ((EVs)
exosomes) and their cargo (including nucleic acids and
proteins).” ctDNA is released by the tumor cells into the
blood and thus harbors the mutational burden of the
original tumor.® ctDNA is considered as a non-invasive
‘real-time’ biomarker that can provide diagnostic and
prognostic information before treatment, during treat-
ment and at progression.” ctDNA platforms differentiate
tumor-related DNA from other cell-free DNA by identi-
fying DNA mutations, epigenetic alterations and other
forms of tumor-specific abnormalities that act as prom-
inent drivers for cancer development and evolution.®
Quantification of ctDNA levels can be a reliable prog-
nostic tool in several malignancies,’ is being studied as
an early cancer diagnostic tool and can be used to guide
therapy and surveillance. More recently, detection of
genomic alterations in ¢tDNA has been validated as a
predictive biomarker to guide treatment planning espe-
cially for targeted agents and ICIs.”

The clinical significance of changes in ctDNA levels
over time has been studied in solid tumors. Data show
that responses to different treatment modalities are
associated with different patterns of ctDNA change.
For example, responders to chemotherapy or definitive
surgery showed an initial and consistent drop in ctDNA
levels, while responders to radiation therapy and targeted
therapy (eg, EGFR tyrosine kinase inhibitors) exhibited a
slightly different pattern with an initial increase in ctDNA
levels, followed by a steady drop. Dynamic changes in
ctDNA levels over time and in response to treatment may
also provide prognostic information, especially in mela-
noma.'” "' However, despite these data, there is a paucity
of data of the significance of ctDNA in response to immu-
notherapy in unselected patients with cancer.' In this
study, we aimed to explore whether changes to ctDNA
levels in response to ICIs are prognostic in unselected
solid tumors focusing on longer term outcomes such as
survival. We also sought to provide a more precise esti-
mate of the association between change in ctDNA and
outcome.

METHODS

A systematic search of the published literature was
performed in June 2021 using MEDLINE (host: PubMed).
Inclusion criteria comprised clinical trials of any phase
in patients with advanced solid tumors receiving ICls
(including programmed cell death (PD-1) inhibitors,
programmed cell death ligand-1 (PD-L1) inhibitors, and
cytotoxic T-lymphocyte-associated protein 4 (CTLA4)
inhibitors) and in whom ctDNA levels were measured

before starting ICIs and again early during treatment.
Only trials in which survival outcomes were reported based
on changes in ctDNA levels were included in the analysis.
Reported outcomes needed to include progression-free
survival (PFS) and/or overall survival (OS). Each article
was screened by two independent reviewers (LA-S and
BW). Discrepancy in inclusion criteria was addressed by
consensus or with discussion with a third reviewer (EA) if
initial consensus could not be reached.

Data extraction was performed separately by two
reviewers. Extracted data included: name of the first
author, year of publication, disease site, disease stage,
number of participants, treatmentline, the type of utilized
ICIs, method used to measure ctDNA, timing of ctDNA
measurement after initiation of treatment, the predeter-
mined definition of c¢tDNA response, the proportion of
patients with radiologically stable disease, the HRs for
PFS and/or OS values and their related 95% CIs and/
or p values and when reported we also collected data on
tumor mutation burden (TMB), microsatellite instability
(MSI) status and expression of PD-LI. In articles where
HRs for PFS or OS were not reported clearly, Kaplan-
Meier curves were utilized to calculate PFS and/or OS
results using the Parmar Toolkit."

Data synthesis and statistical analysis

Data for PFS and OS were pooled in separate meta-
analyses utilizing the generic inverse variance. In light
of substantial clinical heterogeneity, we utilized random
effects modeling irrespective of statistical heterogeneity.
Analyses were performed using Review Manager V.5.4
(The Cochrane Collaboration, Copenhagen, Denmark).
For both PFS and OS, subgroup analysis was performed
based on disease site, treatment type (single vs multiple
agents), treatment line (first line vs later lines), the level
of ctDNA change (250% reduction vs undetectable levels)
and timing of second ctDNA sampling (= 10 weeks vs
<10 weeks). Heterogeneity was reported using the I? and
Cochran Q) statistics. Statistical significance was defined as
p<0.05. No corrections were applied for multiple signifi-
cance testing.

RESULTS

Actotal of 18 clinical trials comprising 552 participants were
included in the meta-analysis (see figure 1 for study selec-
tion schema). All trials recruited patients with advanced
solid tumors (locally advanced unresectable and/or meta-
static). Involved trials included multiple disease sites:
melanoma (n:8), lung cancer (n:6), gastric cancer (n:2)
and urothelial cancer (n:1). One trial included patients
from multiple disease sites (lung cancer, uveal melanoma
and microsatellite instability-high (MSI-H) colorectal
cancer). ctDNA levels were detectable in all participants
in all studies prior to initiation of ICIs. ctDNA clearance
was defined as reported in individual trials. Typically, this
was defined as either a greater than 50% reduction in
ctDNA levels (n=3) or a reduction to undetectable levels
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Records identified through database search (n: 99)

Duplicates records (n:5)

Records after duplicates removed (n: 94)

Records screened (n: 94)

Records including review studies (19),

Reports with no relevant outcomes (35),

Trials in progress (3)

Case reports excluded (4)

Full-text articles assessed for eligibility (n: 33)

Full-text articles with no or incomplete data excluded (n:15)

Studies included in meta-analysis (n: 18)
Figure 1 Study selection schema.

(n=14), with one trial comparing relative decrease versus
relative increase in ctDNA levels between baseline and
the second sampling time point.14 Method of detection
included next generation sequencing (NGS) and/or
droplet digital PCR assays (ddPCR); the second measure-
ment of ctDNA levels was performed between 6 and 16
weeks after treatment initiation. PFS values were reported
in 17 clinical trials while OS values were reported in 11
trials (see table 1).

Progression-free survival

Areduction in ctDNA levels, while on treatment with IClIs,
was associated with significantly improved PFS (HR 0.20;
95% CI, 0.14 to 0.28; p<0.001, see figure 2). There was
borderline magnitude, but statistically significant hetero-
geneity (I* 40%, Cochran Q p=0.04). Table 2 shows the
subgroup analyses. Overall, results were consistent across
all disease sites (melanoma, lung cancer and other solid
tumors including gastric cancer, urothelial cancer and
MSI-H colorectal cancer), lines of treatment, magnitude
of change (to undetectable vs >50% reduction), different
intervals of the second ctDNA sampling and whether
treatment exposure comprised single or multiple ICIs.

Overall survival

Similar to the PFS analysis, OS was improved in patients
with reduced or undetectable ctDNA levels after receiving
ICIs (HR 0.18;95% CI, 0.12 to 0.26; p<0.001, see figure 3).
There was no evidence of statistical heterogeneity (I?
27%, Cochran Q p=0.19). Similar to results seen for PFS,
there was consistency between subgroups such as disease
sites, lines of treatment, magnitude of change (to unde-
tectable vs >50% reduction), different intervals of the
second ctDNA sampling and whether treatment exposure
comprised single or multiple ICIs.

ctDNA change and radiologic stable disease

The association between ctDNA change and radiologic
stable disease was reported in only three studies. Due
to the very small number of patients in this analysis
and the inconsistent reporting of outcomes, results are
reported descriptively as data synthesis was not possible.
It appeared that the association between ctDNA reduc-
tion and improved outcome also applied to patients with
radiologic stable disease. In Anagnostou et al,”” 12 out of
the 19 patients with NSCLC had stable disease, on initial
assessment. Among this group, patients who had ctDNA
clearance (n=5) had improved PFS than those who
showed detectable ctDNA levels (n=7). As expected from
a cohort with study a small sample size, this effect was not
statistically significant (HR 0.35; 95% CI, 0.05 to 2.25: p
value=0.10). Similar trends were seen in other trials. In
Goldberg et al,16 8 out of the 24 patients with NSCLC
had stable disease as per RECIST criteria, with a median
duration of treatment (mDOR) of 157 days. Among these
patients, ctDNA reduction was associated with durable
clinical benefit to ICIs, with an mDOR of 218 days (n=3)
compared with non-responders who had an mDOR of 120
days (n=b5). In Warburton et al,'" 70 patients with advanced
melanoma received anti-PD-1 therapy for approximately
lyear. Of these, 3 patients had stable disease and among
those with fall in ctDNA, authors reported an unspecified
longer disease control compared with those whose ctDNA
did not fall.

Associations between ctDNA change and other biomarkers

Similar to the assessment of ctDNA change and radiologic
stable disease, reporting of data on other biomarkers
was variable precluding data synthesis. As such, data
were again reported descriptively. In Anagnostou et al,"
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Table 1 Continued

Timing of

Expected
ctDNA

second ctDNA
collection

Method used to
measure DNA

Number of

Treatment
setting

Year of

response

ICl used

Line of therapy

participants

stage

Di

site

Di

publication

Author

7

Droplet digital PCR Undetectable

Pembrolizumab
or nivolumab/

ipilimumab

First line

16

Pallitative

Locally

Melanoma

2020

Pedersen et al*®

advanced

unresectable or
Metastatic

6

ctDNA using Gaurdant360 Undetectable

Second or more Durvalumab

line

26

Palliative

Metastatic

Lung cancer

2018

Raja et al*®

10

Decrease vs
increase

Droplet digital PCR

Pembrolizumab
or nivolumab/

ipilimumab

First line

18

Metastatic BRAF Palliative

VB00E positive

Melanoma

2020

Varaljai et a/'*

16

Droplet digital PCR Undetectable

Pembrolizumab

First or second

line

Palliative 38

Metastatic

Melanoma

2020

Warburton et al'”

6

ctDNA using Gaurdant360 Undetectable

2018 Urothelial Metastatic Palliative 27 Second or more Durvalumab
cancer line

Zheng et al*®

vs detectable

CRC, colorectal cancer; ICI, immune checkpoint inhibitor; MSI-H, microsatellite instability-high; NGS, next generation sequencing; NSCLC, non-small cell lung cancer.

patients with NSCLC with high TMB had more favorable
survival outcomes than patients with low TMB; however,
despite an association between TMB and ctDNA clear-
ance at a study summary level, the latter marker appeared
as a more sensitive predictor of PFS. Patients who had
ctDNA clearance had better outcomes regardless of TMB
status. Also, patients with continued elevation of ctDNA
levels, while receiving ICIs, had worse outcomes even the
setting of detecting high TMB levels. In Marsavela et al,'®
there was no statistically significant difference in clinical
benefit between patients with high TMB versus patients
with low TMB and no reported association between TMB
and ctDNA clearance.

In Jin et al,"® 26 out of 32 patients with gastric cancer
had known PD-L1I status. There was no significant differ-
ence in PFS between PD-L1 high (combined positive score
(CPS=10)) and PD-L1 low patients, and no clear associa-
tion between PD-L1 expression and ctDNA clearance at a
study summary level. In the firstline setting, PFS was not
different among patients with combined prognostic score
CPS>10 (7.8 months) vs CPS<10 (7.4months). The same
results were observed in patients who received treatment
as second or later lines, where PFS was about 3.4 months,
in patients with CPS>10 and 4.9 months in patients with a
CPS<10 (p value>0.05). However, in, patients who had a
more than 25% drop in ctDNA levels, during treatment,
an improved PFS was observed (7.3 months) compared
with those without ctDNA reduction (3.6months). In
Raja et al,* there was no significant correlation between
pretreatment PD-L1 status and differential ctDNA level,
among patients with NSCLC and urothelial cancer (p
value>0.1). Finally, in Giroux Leprieur et al*' among
patients with NSCLC who received nivolumab, changes
in ctDNA levels were not different according to PD-L1
expression (p value=0.695).

In Kim ¢t al,”* there appeared to be study level associa-
tion between improved outcomes with ctDNA reduction
and with MSI-H status. Objective response rates (ORR)
were higher in patients with MSI-H tumors (85.7%) and
in patients who had a significant drop on ctDNA levels
after initiating treatment (ORR: 58%). PFS data were not
reported for MSI status.

DISCUSSION
While ICIs have emerged as important therapeutic tools
for patients with advanced solid tumors, beyond tradi-
tional cross-sectional imaging, there are no standardized
real-time markers that can assist treatment decisions.”
Imaging is only of value if done periodically over a rela-
tively long time interval (at least every 2-3months).**
Furthermore, imaging has other limitations including
cost, radiation exposure, availability and, with ICI, there
can be difficulties in interpretation due to the phenom-
enon of pseudoprogression.' *

Measurement of PD-LI expression in tissue or blood
can provide prediction of benefit from ICIs in some
tumors, but it has not been shown to be a robust real-time
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Study Weight Hazard Ratio 95%ClI
Anagnostou 2019 5.5% 0.19[0.05, 0.72]
Cabel 2017 3.8% 0.10[0.02, 0.50] - =
Garassino 2018 17.9% 0.26 [0.12, 0.54] -
Goldberg 2018 7.2% 0.29[0.09, 0.93] - = |
Herbreteau 2018. 0.4% 0.03[0.00, 4.50] *
Jin 2020 8.1% 0.42[0.14, 1.26]) - - 1
Kim 2018 16.9% 0.45[0.21, 0.96] —]
Lee 2017 3.8% 0.15[0.03, 0.75]
Leprieur 2018 6.8%  0.30 [0.09, 1.00]
Marsavela 2020 0.9% 0.20[0.01,5.71] ¢
Marsavela 2020(1) 46% 0.18 [0.04, 0.76]
Moding 2020 5.4% 0.30[0.08, 1.15] I
Pedersen 2020 2.8% 0.13[0.02, 0.84) e
Raja 2018 1.6% 0.01[0.00,0.09] «——
Varaljai 2020 7.6% 0.25[0.08, 0.78] = =
Warburton 2020 26% 0.01[0.00,0.05] «—
Zheng 2018 4.2% 0.21[0.04, 0.96]
Total (95% CI) 100.0% 0.23 [0.17, 0.31] &
g 2 = = = 12 = 0, ; + + J
o et o b0 o o
E 8 = Favours reduced ctDNA Favours control

Figure 2 Forest plot showing the effect of ctDNA clearance on progression-free survival.

indicator able to guide treatment decisions after initia-
tion of therapy.”® For example, previous studies showed
that 40% of PD-Ll-negative patients respond to I1CIs.”
Other biomarkers (eg, TMB or MSI) have been reported
to have associations with outcome in cancers treated with
ICIs, however, factors such as intratumoral and intertu-
moral heterogeneity or lack of specificity may undermine
the predictive role of these biomarker. Data suggest that
TMB alone might not be able to identify the group of

patients who might benefit from ICIs."® Therefore, there
is a need to validate dynamic markers that can provide
clinicians with early and reliable insights about disease
response in patient with advanced malignancies.
Dynamic changes in ctDNA levels may provide early
assessment of disease response and can be used as a
biomarker in this setting. In this study, we evaluated clin-
ical trials in which PFS and OS were reported based on
changes in ctDNA levels among patients with advanced

Table 2 Survival outcome data (OS and PFS) correlated with ctDNA clearance, and subgroup analysis based on disease site,
treatment type, line of treatment, level of ctDNA change and timing of second ctDNA sampling

Subgroup Subgroup
Subgroups/outcome HR (OS) 95% Cl difference p HR (PFS) 95% ClI difference p
All patients 0.18 0.12 t0 0.26 NA 0.23 0.17 to 0.31 NA
Disease site
Melanoma 0.20 0.12t0 0.33 0.27 0.12 0.06 to 0.25 0.15
Lung 0.16 0.08 to 0.31 0.23 0.14 t0 0.37
Others 0.05 0.01 to 0.26 0.34 0.20 to 0.58
Treatment
Single agent 0.14 0.07 to 0.31 0.45 0.23 0.16 t0 0.33 0.004
Multi-agent 0.20 0.12t0 0.32 0.23 0.13 to 0.41
Treatment line
First line 0.22 0.13t0 0.36 0.31 0.19 0.11 t0 0.34 0.002
Later line 0.14 0.07 to 0.28 0.29 0.19to 0.42
Level of ctDNA change
>50% reduction 0.17 0.05 to 0.62 0.93 0.29 0.12 t0 0.71 0.21
Undetectable levels 0.18 0.12t0 0.27 0.22 0.15to0 0.31
Interval of second ctDNA
sampling
10-16 weeks 0.22 0.13to0 38 0.18 0.10t0 0.32 0.004
<10weeks 0.13 0.06 to 26 0.25 0.17 t0 0.36

OS, overall survival; PFS, progression-free survival.
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Study Weight Hazard Ratio 95% CI

Anagnostou 2019 6.5% 0.14 [0.03, 0.65] -

Cabel 2017 4.1% 0.07 [0.01, 0.49]

Garassino 2018 16.1%  0.23 [0.09, 0.61] - =

Goldberg 2018 10.2% 0.17 [0.05, 0.58] = =

Herbreteau 2018 0.7%  0.05[0.00, 6.25] *

Lee 2017 20.0% 0.12[0.05, 0.29] e

Lee 2020 31.9% 0.32[0.16, 0.64] —.

Leprieur 2018 32% 0.09[0.01,081] ——

Marsavela 2020(1) 6.1% 0.19 [0.04, 0.92] -

Raja 2018 0.8% 0.00[0.00,0.09] «—

Zheng 2018 0.5% 0.00 [0.00, 0.28]

Total (95% Cl) 100.0% 0.18 [0.12, 0.26] E 2

Heterogeneity: Chi* = 13.73, df = 10 (P = 0.19); I? = 27% 0.01 01 1 10 100
Test for overall effect: Z = 8.63 (P < 0.001) Favours reduced ctDNA Favours control

Figure 3 Forest plot showing the effect of ctDNA clearance on overall survival.

solid tumors receiving ICIs. Results showed substantially
improved outcome with a reduction in ctDNA levels in
response to ICIs. The majority of included trials involved
patients with melanoma and lung cancer (14 out of 18
studies). However, there was limited evidence for hetero-
geneity among studies especially for the OS analysis.
Furthermore, there was comparable magnitude of asso-
ciation between change in ctDNA and both PFS and OS
among subgroups comprised patients with melanoma,
lung cancer and other solid tumors treated with IClIs.
Overall, there was a four to five times lower hazard of
progression or death with ctDNA reduction and a five to
six times lower risk of death from any cause. The utili-
zation of a systematic review and meta-analysis in this
study provides increased level of certainty regarding the
association between ctDNA reduction and improved
outcomes, provides a more robust and precise estimate
for the magnitude of effect and provides an assessment of
consistency between different studies and different tumor
types. 2!

ctDNA is a marker of burden of malignancy. There-
fore, it is reasonable to assume that a reduction in ctDNA
would be a marker of response to any type of cancer
treatment, not just ICIs. In some of the individual trials
included in the current analysis (especially those in
lung cancer), outcomes in response to ctDNA changes
were assessed in patients treated with both ICIs and
with cytotoxic chemotherapy. The results showed better
outcome in patients who had lower on-treatment ctDNA
levels regardless of the type of treatment. However, with
summary data on outcomes favoring ICIs over chemo-
therapy, the absolute impact of a reduction in ctDNA was
greater among patients receiving ICI than those receiving
chemotherapy.™

These data support the use of ctDNA change as an early
response biomarker which could have a complementary
role to clinical, radiologic and biochemical parameters.
Such information could also allow for de-escalation of
cross-sectional imaging in patients receiving ICIs. Further-
more, in a setting exclusive to the use of ICIs, changes
in ctDNA could presumably guide clinicians to identify

progression from pseudoprogression (ie, if ctDNA levels
fall shortly after starting therapy, increase in target tumor
measurement would be more consistent with pseudopro-
gression). Early identification of ineffective therapy can
also save patients from being unnecessarily exposed to
agents with known toxicity which are unlikely to provide
additional benefit. There would also be benefits to this
approach from a health economic perspective. Addition-
ally, we attempted to explore the impact of ctDNA change
in patients with stable disease on radiological assessment.
This analysis was limited by inconsistent reporting of
outcome and a small sample size; however, in patients who
had stable disease, changes in ctDNA levels appeared to
differentiate between those with longer and shorter PFS.
This supports the validity of dynamic changes in ctDNA
levels as predictive real-time biomarkers both in patients
who show response and in those with stable disease with
cancer immunotherapy.

Our exploration of association between other
biomarkers and change in ctDNA was also limited by
inconsistent reporting and small sample size. There did
not appear to be a consistent association between TMB or
PD-L1 expression and ctDNA change at a study summary
level. However, in a single study,” there did appear to
be an association between the effects of MSI-high and
ctDNA reduction on response rate. Data on PFS were
not reported. This is an interesting observation which
warrants further study.

Preliminary data also support role of ctDNA changes in
predicting the risk of eventual progression in long-term
responders to ICIs. ctDNA clearance has been shown
to be associated with significantly better outcomes even
if measured more than 2years after initiation of ICIs.”
In addition to ctDNA clearance, other biomarkers have
been studied and have shown promising results as real-
time biomarkers for evaluation of response. These
included PD-L1 expression in EV. In this setting, increases
in EV PD-L1 levels were associated with worse survival.”*
Whether a combination of ctDNA and other markers of
response would improve on the clinical utility of one of
these markers in isolation warrants further research.
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This study has limitations. First, to date, there has been
no standardized method to measure the ctDNA.” In
all included trials, ctDNA levels were assessed either by
ddPCR or multiple variations of NGS (TEC-Seq, HiSeq,
ultradeep NGS, Guardiant360, etc), which may increase
heterogeneity of the summary data. That said, from a
statistical perspective, there did not appear to be large
magnitude interstudy heterogeneity in either the PFS or
the OS analyses. Second, ctDNA levels were measured at
different intervals (6—-16weeks) after treatment initiation.
While subgroup analysis did not identify a difference in
outcome based on the timing of second sampling, early
(before 10weeks) orlate (between 10 and 16 weeks), there
may be residual bias which may also affect data interpre-
tation. Third, even though data were consistent among
all trials, disease sites, lines of treatment and the level of
ctDNA change, the relatively small number of included
trials in our meta-analysis will lead to some uncertainty.
Fourth, the clinical utility of c¢tDNA reduction remains
unclear. Specifically, it is uncertain to what degree ctDNA
measurement would improve clinical decision making
and therefore outcomes in comparison to imaging and
clinical assessment alone. This should be explored in
adequately designed prospective studies. Finally, in this
study, we only included studies in which patients had
measurable ctDNA at baseline. Data suggest that absence
of ctDNA at baseline (so called non-shedders) may have
better outcomes than those with measurable ctDNA. The
analysis in this article was unable to provide a compara-
tive analysis of ctDNA reduction compared with a cohort
without detectable ctDNA at baseline. This limits gener-
alizability.”® *

In summary, in advanced solid tumors, a reduction
in ctDNA levels in response to ICIs is associated with
substantial improvements in outcome. ctDNA change
is a clinically valid early response biomarker which may
allow for de-escalation of cross-sectional imaging in
patients receiving ICIs or support treatment de-escalation
strategies. Further research is needed to assess the clin-
ical utility of changes in ctDNA especially whether such
technology provides additive or synergistic information
which allows better clinical decision making. Additional
data are also required to standardize detection methods
which will improve reproducibility results. This should
include quantification of variations in sensitivity between
available assays, as well as differences in discovery range
between assay platforms.
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