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ABSTRACT
Introduction Immunotherapy (IO) has transformed the
treatment paradigm for a wide variety of solid tumours.
However, assessment of response can be challenging with
conventional radiological imaging (eg, iRECIST), which
do not precisely capture the unique response patterns
of tumours treated with IO. Emerging data suggest that
circulating tumour DNA (ctDNA) can aid in response
assessment in patients with solid tumours receiving IO.
The short half-life of ctDNA puts it in a unique position
for early treatment response monitoring. The BESPOKE
IO study is designed to investigate the clinical utility of
serial ctDNA testing to assess treatment response using
a tumour-informed, bespoke ctDNA assay (Signatera) and
to determine its impact on clinical decision-making with
respect to continuation/discontinuation, or escalation/
de-escalation of immunotherapy in patients with advanced
solid tumours.
Methods and analysis The BESPOKE IO is a multicentre,
prospective, observational study with a goal to enroll over
1500 patients with solid tumours receiving IO in up to 100
US sites. Patients will be followed for up to 2 years with
serial ctDNA analysis, timed with every other treatment
cycle. The primary endpoint is to determine the percentage
of patients who will have their treatment regimen changed
as guided by post-treatment bespoke ctDNA results along
with standard response assessment tools. The major
secondary endpoints include progression-free survival,
overall survival and overall response rate based on the
ctDNA dynamics.
Ethics and dissemination The BESPOKE IO study
was approved by the WCG Institutional Review Board
(Natera-20–043-NCP BESPOKE Study of ctDNA Guided
Immunotherapy (BESPOKE IO)) on 22 February 2021.
Data protection and privacy regulations will be strictly
observed in the capturing, forwarding, processing and
storing patients’ data. Natera will approve the publication
of any study results in accordance with the site-specific
contract.
Trial registration number NCT04761783.

STRENGTHS AND LIMITATIONS OF THIS STUDY
⇒ BESPOKE IO is a large, prospective, multicentre, ob-

⇒

⇒

⇒

⇒

servational study designed to investigate the clinical
utility of the personalised, tumour-informed circulating tumour DNA (ctDNA) assay in assessing early
treatment response in patients with advanced solid
tumours receiving immunotherapy (IO).
This clinical study might potentially inform if the
pretreatment ctDNA level can serve as a predictive
biomarker for response to IO and prognosis early
into treatment course.
This study might help with early identification of
non-responders to IO based on the ctDNA dynamics
that can inform the treating physicians to discontinue, intensify or switch treatment, thereby avoiding
unnecessary treatment-related toxicities and costs.
This study might inform if ctDNA can distinguish
between pseudoprogression and true tumour
progression.
Given the non-interventional nature of the study,
therapy is physician directed and not dictated by
the trial.

INTRODUCTION
Immune-
checkpoint
inhibitors
(ICIs)
targeting programmed cell death-1 (PD-1)/
its ligand-
1 (PD-
L1) and cytotoxic T-
lymphocyte associated antigen-4 (CTLA-4) have
transformed treatment paradigms in patients
with advanced cancer.1 A plethora of clinical
trials have demonstrated significant antitumour activity with ICIs, often leading to
durable and potentially curable responses
in a wide variety of solid tumours. ICIs have
shown superior survival outcomes compared
with conventional chemotherapy in multiple
advanced malignancies including melanoma,
lung and subsets of colorectal with mismatch
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repair deficient tumours, breast and bladder cancers and
have been integrated into the standard treatment algorithms for these tumour types.1 2 One of the anti-PD1 antibodies (pembrolizumab) hold two of the four currently
approved tissue-agnostic Food and Drug Administration
(FDA) approvals. In addition to the metastatic setting,
these drugs are now making their way into the clinic for a
number of adjuvant indications.
As ICIs have gained a prominent place in the routine
clinical care, response assessment to ICIs has become of
paramount importance. The tumour response patterns to
ICIs vary widely and are often markedly different from the
response pattern observed with cytotoxic chemotherapy,
limiting the usefulness of the conventional radiological
studies. Variations, for example, iRECIST and repeat
follow-up scans, are often recommended.3 Around 10%
of patients with solid tumours on ICI experience pseudoprogression, defined as an enlargement of existing
tumours or the appearance of a new lesion followed by
tumour regression that can be misinterpreted as true
progression, leading to the premature discontinuation
of a potentially effective treatment.4 5 Furthermore, the
staggering cost of immunotherapy (~$10 000/dose) adds
significant financial stress on patients and the health
system,6 underscoring the importance of identifying
non-responders early to avoid the cost and the toxicity
burden. Although biomarkers including PD-L1 expression, microsatellite instability-
high/deficient mismatch
repair (MSI-
H/dMMR) status and tumour mutational
burden (TMB) have shown clinical utility for selecting
patients suitable for immunotherapy, the predictive capability of these biomarkers is limited.7 8 Recently, the use of
PD-1 blockade in combination with other therapies was
approved, for example, combination immunotherapy
with a CTLA-4 inhibitor, or combination immunotherapy
in addition to chemotherapy. However, it is unclear who
should get PD-1 blockade alone, and who would potentially benefit from the combination approach. Some
investigators have described the potential benefit of
using CTLA-4 rescue strategy.9 10 While the combination
approaches bring the promise of better response rates
and survival, they also incur added risk of severe adverse
events (SAEs), as well as financial toxicity. Taken together,
the variable treatment efficacy, toxicities, cost, the lack of
predictive biomarkers and difficulty in interpreting radiologic response patterns underscore the urgent need for
a tool that can identify treatment response and disease
progression early.
Accumulating data suggest that circulating tumour
DNA (ctDNA), a non-invasive, quantitative and dynamic
biomarker, can monitor treatment response in patients
with advanced/metastatic cancer.11–16 The kinetics of
ctDNA brings in several advantages for early response
assessment.17 Previous studies in patients with advanced
solid tumours have demonstrated that a decrease in
the ctDNA level with treatment reflects a response to
immunotherapy.12 16 18–20 Furthermore, undetectable or
low ctDNA levels after treatment have been associated
2

with better clinical outcomes with ICIs across multiple
advanced stage cancers.15 19 21–24 Several recent studies in
lung cancer have shown that ctDNA dynamics can predict
disease progression and response to immunotherapy,
weeks to months ahead of conventional radiological
imaging.16 18–20 Existing evidence in literature supports
that ctDNA can clearly differentiate pseudoprogression
from true progression with high sensitivity and specificity,
potentially assisting in interpreting ambiguous imaging
findings.24 25 Despite this, ctDNA is currently not used
in clinical practice. Some of the reasons for this include,
data available from studies with small patient population12 14 22 26 27 and/or use of static panels focusing on a
limited number of somatic variants,22 23 28 which restrict
the applicability and generalisability of their findings.
This need prompted the development of the BESPOKE
IO observational study. Herein, we present a clinical study
protocol of a prospective, longitudinal, multicentre observational study to investigate the clinical utility of a personalised, tumour-
informed multiplex PCR (mPCR)-
NGS
ctDNA assay (Signatera) for treatment response monitoring in patients with advanced solid tumours receiving
immunotherapy. The study will also examine the impact
of ctDNA detection on clinical decision-making regarding
continuation/discontinuation or escalation/de-
escalation of immunotherapy.

METHODS
Overall study design
The BESPOKE IO (
clinicaltrials.
gov NCT04761783) is
a prospective, longitudinal, multicentre clinical study
that uses a personalised mPCR-NGS assay (Signatera),
designed to track somatic single nucleotide variants
(SNVs) in patients with advanced cancer receiving ICIs.
The study started in March 2021 and is actively recruiting.
The study is composed of three cohorts representing
three unique advanced cancer types: lung, melanoma
and colorectal cancer (dMMR/MSI-
H). Each cohort
has two arms: a prospective arm in which serial ctDNA
testing will be performed while patients receive immunotherapy (prospective Signatera arm) and a historical
control arm. The data collected from the prospective
arm will be compared with the outcomes in the historical
control groups to evaluate the role of molecular response
reflected by ctDNA levels in the management of patients
with advanced cancers receiving IO.
Prospective Signatera arm
A total of 1539 patients with advanced solid tumours
(lung, melanoma and dMMR/MSI-H colorectal cancer)
undergoing treatment with IO will be enrolled in
up to 100 study sites in the USA and patients will be
followed up for up to 2 years with serial blood collection for ctDNA analysis. A whole blood (20 mL) sample
will be collected for the Signatera assay at baseline
and at subsequent time points and frequency determined by the healthcare provider (HCP). The sponsor
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Table 1 Signatera blood draw frequency based on immunotherapy treatment regimen (Prospective Signatera arm)
Immunotherapy
treatment regimen

Immunotherapy
treatment dose

Treatment frequency
(every # weeks)

Signatera blood draw
Frequency*† (every # weeks)

Atezolizumab (Tecentriq)
Atezolizumab (Tecentriq)

840 mg
1200 mg

2
3

8
6

Atezolizumab (Tecentriq)

1680 mg

4

8

Avelumab (Bavencio)

800 mg

2

8

Cemiplimab (Libtayo)

350 mg

3

6

Durvalumab (Imfinzi)

10 mg/kg

2

8

Durvalumab (Imfinzi)

1500 mg

4

8

Durvalumab (Imfinzi)

1500 mg

3

6

Ipilimumab (Yervoy)

3 mg/kg

3

6

Nivolumab (Opdivo)

240 mg

2

8

Nivolumab (Opdivo)

480 mg

4

8

Nivolumab (Opdivo) and ipilimumab (Yervoy)

1 mg/kg
3 mg/kg

3
3

6

Nivolumab (Opdivo) and ipilimumab (Yervoy)

360 mg
1 mg/kg

3
6

6

Nivolumab (Opdivo) and ipilimumab (Yervoy)

3 mg/kg
1 mg/kg

3
3

6

Nivolumab (Opdivo) and ipilimumab (Yervoy)

3 mg/kg
1 mg/kg

2
6

8

Pembrolizumab (Keytruda)
Pembrolizumab (Keytruda)

200 mg
400 mg

3
6

6
6

*Signatera blood draw should coincide with every other treatment cycle.
†Additional optional Signatera blood draws are recommended on weeks 2–4 of immunotherapy, and 4–6 weeks after the end of treatment or
disease progression.

recommends subsequent blood collection for the
Signatera testing every 2 cycles, timed according to the
immunotherapy treatment regimen (table 1). Optional
blood sample collections for the ctDNA assay between

week 2 and week 4 of therapy initiation and 4–6 weeks
after the end of treatment/disease progression will
be carried out (figure 1). All enrolled patients will be
evaluated for immune-related adverse events (iRAEs).

Figure 1 Overview of the BESPOKE IO study design: Samples (whole blood, FFPE tissue, plasma) will be collected, and
questionnaires (physician assessment, quality of life (QoL) will be completed at the indicated times (weeks/months). FFPE,
Formalin-Fixed Paraffin-Embedded; HCP, healthcare provider; PD-1, programmed cell death-1; PD-L1, programmed cell death
ligand-1.
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Table 2 Eligibility criteria
Category

Inclusion criteria

Exclusion criteria

Demographics
Clinical presentation

► Male or female patients 18 years of age or older

Female patients that are pregnant
Patients who have initiated
immunotherapy

► Patients must have measurable disease according

to RECIST criteria and at least one lesion that can be
accurately measured in at least one dimension as >10 mm
► Any patient with documented metastatic or locally
advanced, unresectable cancer of the types within the
following cohorts:

melanoma, non-
small cell lung cancer, colorectal
cancer

► ECOG Performance status 0, 1 or 2

Medical history

► Patients must be clinically eligible and plan to initiate

therapy with an anti-neoplastic agent that works by
immune checkpoint blockade, anti-PD-1, anti-CTLA-4 or
anti-PD-L1:
– Pembrolizumab (Keytruda)
– Nivolumab (Opdivo)
– Ipilimumab (Yervoy)
– Durvalumab (Imfinzi)
– Cemiplimab (Libtayo)
– Atezolizumab (Tecentriq)
– Avelumab (Bavencio)
► Patients must be able to follow the study visit schedule
and be willing to provide up to 20 mL of peripheral blood
samples at the indicated time points
Provider-based criteria ► Selected by their HCP to receive ctDNA assay according
to the current evidence-informed schedule as part of their
routine of practice

Patients with a history of bone marrow
or organ transplant, a medical condition
that would place the patient at risk as
a result of blood donation, such as
bleeding disorder, or a serious medical
condition that may adversely affect the
ability to participate in the study

 

ctDNA, circulating tumour DNA; CTLA-4, cytotoxic T‐lymphocyte associated antigen-4; HCP, healthcare provider; PD-1, programmed cell
death-1 ; PD-L1, programmed cell death ligand 1.

Written informed consent will be obtained from all
patients. Study inclusion/exclusion criteria are detailed
in table 2.
Historical control arm
Approximately 513 historical control cases will be
enrolled retrospectively, at an approximate ratio of 1
patient to every 3 prospective patients who had previously received treatment with an ICI and had minimum 2
years of follow-up data after initiation of immunotherapy
or death. Furthermore, the control patients will have to
meet all study inclusion criteria as listed in table 2. Data
on patients in the control arm will be abstracted retrospectively from the electronic medical records. No written
informed consent will be required for the patients in the
control arm since they will have completed treatment
and/or deceased at the time of enrolment. No biological
samples for the study will be collected from the patients
in the control arm.
Immunotherapy treatment
Patients scheduled to receive an ICI in the prospective
Signatera arm or those who previously received an ICI in
the historical control arm will be eligible.
4

Study objectives/endpoints
Primary endpoint
The primary study objective is to examine the impact
of the bespoke ctDNA assay on tumour assessment after
initiation of immunotherapy, that is, the percentage
of patients who have their immunotherapy treatment
regimen changed due to post-treatment bespoke ctDNA
assay result along with standard clinical assessments and
care.
Secondary endpoints
The main secondary endpoints include progression-free
survival (PFS) and overall survival (OS) according to
change in ctDNA levels from baseline, wherein ctDNA
change is defined as: (1) 50% increase or decrease
from baseline, (2) an analytically significant increase or
decrease from baseline, (3) ctDNA clearance or no clearance or (4) a cut-off as determined in exploratory analysis. Other secondary endpoints include determination
of response rate (partial or complete response), response
duration, percentage of patients with at least 6 months
of durable clinical response and the impact of Signatera
on informing immunotherapy treatment decisions and
patient-reported outcomes (PROs).
Kasi PM, et al. BMJ Open 2022;12:e060342. doi:10.1136/bmjopen-2021-060342

BMJ Open: first published as 10.1136/bmjopen-2021-060342 on 30 May 2022. Downloaded from http://bmjopen.bmj.com/ on June 22, 2022 at Washington University School of Medicine
Library &. Protected by copyright.

Open access

Exploratory endpoints
Exploratory endpoints include evaluating the performance of ctDNA dynamics in detecting pseudoprogression, determining ctDNA cut-offs that predict durable
clinical response for 6–12 months in patients who achieve
stable disease or partial response, or determining PFS
on the subsequent scan. Specifically, the sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV) and area under the curve will be analysed.

Data collection
Demographic, medical history, disease status, immunotherapy regimen and outcomes, pathological diagnosis including immunotherapy markers, biomarkers,
and comorbidities, and imaging scans will be collected
as part of the protocol and recorded (tables 3 and 4).
At different time points, questionnaires pertaining to
PROs and HCP will be completed by patients and HCPs,
respectively.

Table 3 Schedule of events prospective Signatera arm(s)
Enrolment

Week following immunotherapy initiation

Baseline up to 4 weeks prior
to immunotherapy Initiation*

Weeks
2–4

Informed consent

X

Confirmation of
inclusion/exclusion
criteria and
enrolment

X

Optional future
research blood
collection (Streck)‡

X

Weeks
4–8

Weeks
8–12

Weeks
12–16

On treatment
follow-up

Post-
treatment
follow-up†

X

End of study or
early termination

X

Observational/data collection pieces
Demographics and
medical history
height

X

Weight§

X

Prior and current
concomitant
medications

X

Current cancer
diagnosis details

X

Prior and current
comorbidities

X

Laboratory results

X

X

Physician assessment of
response (RECIST)¶
Radiology§§

X

Pathology results

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Immunotherapy treatment X
regimen**

X

X

X

X

X

X

Disease status and
survival

X

X

X

X

X

X

X

Cancer treatment
procedures

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Adverse event reporting

X

Patient disposition

X

Patient-reported outcomes X

X

HCP questionnaire

X

X

X††
X

X‡‡

*Baseline visit may occur the same day as immunotherapy initiation.
†Patients who experience disease progression and those who complete or discontinue immunotherapy treatment will be followed up to 2 years from the date of consent. Data will be
collected when available in the medical record.
‡Optional blood collection kit.
§Collect at baseline. For subsequent treatment visits, the weight will be collected from the patient’s medical record, if available.
¶Healthcare provider (HCP) assessment of tumour response based on radiology per RECIST criteria. Performed at an interval determined by HCP.
**Collected at every visit and/or if there is a change in treatment or regimen.
††Patient-reported outcomes are completed at: (1) baseline; (2) after second SIGNATERA blood draws (expected week 4–8) and tumour assessment are complete; (3) month 12, and
every 3 months thereafter until study completion for patients continuing immunotherapy treatment.
‡‡HCP questionnaires are completed at: (1) baseline; (2) after second SIGNATERA blood draws (expected week 4–8), imaging and tumour assessment are complete, and all results
are discussed with the patient (tumour assessment 1); (3) after the third SIGNATERA blood draw (expected week 8–12), imaging and tumour assessment are complete, and all results
are discussed with the patient (tumour assessment 2); (4) any time there is a change in the treatment regimen, indeterminate image finding, or treatment decision to hold or discontinue
treatment due to a suspected side effect of immunotherapy.
§§Radiology scans are to be submitted and performed at intervals per standard of care determined by HCP. Reports are collected if available.
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Table 4 Schedule of events for control arm

Confirmation of inclusion/exclusion criteria and
enrolment
Demographics and medical history

Within 2 months of
cancer diagnosis

For each clinic visit 1–24 months from time of
immunotherapy treatment

X

 

X

 

Height

X

 

Weight

X

X*

Prior and current concomitant medications

X

 

Current cancer diagnosis details

X

 

Prior and current comorbidities

X

 

Immunotherapy treatment regimen

X

X

ECOG performance status

X

 

Cancer treatment procedures

 

X

Laboratory results

X

X

Radiology†

X

X

Physician assessment of Response (RECIST)

 

X

Pathology results

X

X

Patient disposition

 

X

Disease status
Side effects‡

X
 

X
X

*If available in patient’s medical record.
†Radiology scans are to be submitted. Reports are collected if available.
‡Side effects related to immunotherapy treatment.

Follow-up data collection
Patients who experience disease progression, complete
or discontinue their immunotherapy treatment will enter
the follow-up period of up to 2 years from the date of
patient’s consent. The following data will be collected:
► Disease status and survival.
► Results of any imaging studies performed since the
prior visit (a deidentified copy of the report and
images will be provided to the sponsor).
► Immunotherapy treatment discontinuation, change
in the treatment regimen or the initiation of steroids
due to side effects.
► Tumour markers (CEA, LDH, CA27-29, CA15-3) laboratory results, if available.
► Description of any procedures performed to treat this
cancer, including surgery, additional chemotherapy
or immunotherapy, or radiation therapy.
► If additional surgery is performed, results of any
pathology testing (a deidentified copy of the report
will be provided).
Signatera blood and tissue collection
First blood draw and tissue collection will be done at baseline during the study enrolment period in the prospective
Signatera arm. For subsequent time points, up to 20 mL
of whole blood will be collected at intervals as determined
by the HCP (table 3, figure 1).
6

Future research blood collection
Up to three optional blood samples for future research
may be collected for patients who agree and are enrolled
in the prospective Signatera arm: at baseline, weeks 4–8
and at the end of the study (figure 1). Complete instructions for blood collection can be found in the laboratory
manual using research collection kits provided by Natera.
Venipuncture will be performed using the standard technique with a collection of up to 20 mL of whole blood.
All blood must be deidentified and include a study ID
number, and the Signatera case number for each time
point must be recorded on the electronic Case Report
Form.
Data management/organisation
All data will be collected and stored in a secure,
Health Insurance Portability and Accountability Act
(HIPAA)-compliant database and applicable regulatory
requirements appropriate for each clinical site. Before
enrolment, signed informed consent will be received
from all patients except for the control arm, wherein
a consent-waiver will be requested for data collection
purposes. Data associated with the samples will be
deidentified to maintain patient privacy. Access to the
final trial dataset will be with Natera; each site will have
access to their own site dataset.
Kasi PM, et al. BMJ Open 2022;12:e060342. doi:10.1136/bmjopen-2021-060342
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Table 5 Sample size calculations
Assumption

Prospective Signatera arm

Historical control arm

Attrition rate

Total number of
patients
1539

Total number of
patients
513

*25%

Minimum number of
patients per cohort
513

Minimum number of
patients per cohort
171

*Assumption based on patients lost to follow-up, non-compliance, non-evaluable circulating tumour DNA results, etc.

Sample size and statistical considerations
The sample size for this study is based on a ±5% margin
of error and 95% CI for the percentage of patients
with a change in the treatment regimen. The expected
percentage of treatment change is unknown and likely
to vary by histological indication. Using a normal approxcase
imation to the binomial distribution, the worst-
scenario for reducing the width of the CI is when the
probability is 0.5. Assuming this value is observed in the
study, a minimum of 385 samples are needed to produce
a 95% CI ±0.05. Similarly, the minimum number of
patients per cohort in each arm will be calculated as
shown in table 5.
Primary analysis
For analysis of the primary endpoint, the point estimate
and a 95% Agresti-Coull CI for the proportion of patients
who underwent a change in immunotherapy treatment
regimen will be calculated separately for the Lung, Melanoma and Colorectal cohorts.
General statistical methods
Dichotomous (eg, change in postsurgical treatment
regimen) and ordinal (eg, adverse event severity) data
will be tabulated by category, expressed as proportions
and percentages. The mean, SD, median, maximum
and minimum will be tabulated for continuous data
(eg, age), which may be presented graphically (eg, box
plots). Pairwise comparisons of continuous data will be
performed using a t-test if the data distribution appears
parametric rank test will be
normal; otherwise, a non-
used. Comparisons of independent binomial data will
be performed using Fisher’s exact test, and comparisons of dependent binomial data will be performed
using McNemar’s test. Survival endpoints will be assessed
using Kaplan-Meier analysis or Cox proportional hazards
model; binary endpoints will generally be assessed using
logistic regression.
Patient and public involvement
The protocol was designed and discussed with the
patient advocacy group and academic community (GI
oncology). Patients and general public were not involved
in the design, conduct, reporting or dissemination plans
of this protocol. Patients will receive ctDNA test results
from their provider, according to the current evidence-
informed schedule, as part of routine practice.
Kasi PM, et al. BMJ Open 2022;12:e060342. doi:10.1136/bmjopen-2021-060342

Ethics and dissemination
This study will be conducted in accordance with Good
Clinical Practice (GCP), International Conference on
Harmonisation (ICH), the Declaration of Helsinki, and
US FDA guidelines. Prior to enrolment, written informed
consent will be obtained from all patients and compliance with all inclusion and exclusion criteria will be verified and documented. The protocol (Natera-20-043-NCP
BESPOKE Study of ctDNA Guided Immunotherapy
(BESPOKE IO)) was approved by the WCG Institutional
Review Board on 22 February 2021. Publication of any
study results in papers, abstracts, posters or other material
presented at scientific meetings or published in professional journals will be approved by Natera in accordance
with the site-specific study contract.
DISCUSSION
The BESPOKE IO study is one of the first and large
prospective, observational study designed to investigate the utility of ctDNA in guiding treatment response
assessment along with standard clinical tools in patients
with advanced solid tumours receiving immunotherapy.
ctDNA is a highly specific and dynamic blood-
based
cancer biomarker that provides a real-time snapshot of
the tumour burden. Its short half-life of approximately
2 hours puts it in a unique position for assessing early
treatment response.29 Previous studies have demonstrated
the ability of ctDNA to detect molecular residual disease,
identify cancer recurrence early and monitor treatment
response across multiple cancers and treatment modalities, including immunotherapy.11 13 15 21 24 28 30–35
The use of ctDNA kinetics to predict response to immunotherapy has been described across tumour types, using
various assays.17 Timely identification of non-responders
from responders based on the ctDNA status can guide
further treatment decisions, wherein non-
responders
can be switched to alternative treatment and spared of
the toxicities associated with IO treatment. Alternatively,
it can help inform decisions of escalation to combination immunotherapy, for example, addition of a CTLA-4
inhibitor, or addition of chemotherapy in addition to
immunotherapy in malignancies that have these agents
approved.10 Currently, there are no dynamic real-time
biomarkers to help aid in this decision-making or early
response assessment. The commonly used biomarkers
used in the IO setting include, PD-L1,25 36–38 TMB39 40
and MSI.41 Although these biomarkers may help select
7
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Table 6 Limitations with existing predictive biomarkers
Predictive biomarkers

Limitations
25 36–38

PD-L1 expression—IHC assay

► Across 45 primary drug approval studies from 2011 to April 2019, PD-L1 was

predictive in only 28.9% of cases

► Low specificity (62%–72% across trials)
► Heterogeneous marker (expression variability both intratumorally and temporally)
► Different assays have different scoring criteria and positivity thresholds

Tissue-based TMB39 40

41

MSI

► High TMB did not predict improved overall survival after treatment with ICI
► Lack of standardisation: the cut-off for positivity varies between ≥7.4 and ≥20 mut/

Mb for different tests
► Across five different clinical trials, only 39.6% of MSI-high patients responded to ICI

ICI, immune-checkpoint inhibitor; IHC, immunohistochemistry; MSI, microsatellite instability; PD-L1, programmed cell death ligand 1; TMB,
tumour mutational burden.

patients who are most likely to respond ICI, most of these
patients may still never respond to treatment. Thus, these
biomarkers have limited predictive accuracy and specificity and are unsuitable for early response assessment
(table 6).
The bespoke tumour-
informed (Signatera) ctDNA
assay used in this study tracks tumour-specific somatic,
SNVs in patients’ plasma based on the upfront whole-
exome sequencing of the patient’s tumour tissue and
matched normal blood. As described previously,42 the
bespoke ctDNA assay can detect clonal variants with high
sensitivity (down to 0.01% tumour fraction) and high
specificity (>99.8%), which has been validated across
numerous studies.11 13 15 33 43 44 More importantly, the assay
filters out clonal hematopoiesis of indeterminate potential and germline-derived variants from analysis, thereby
reducing false positives.42
In this study, ctDNA levels will be evaluated at baseline
(immediately before starting treatment) and during treatment with IO, with serial ctDNA analysis planned every
two cycles during the 2-year long follow-up in all cohorts.
Several studies demonstrated that patients with declining
ctDNA levels on-treatment had better survival outcomes,
suggesting that the decline in the ctDNA level with treatment reflected a favourable response to IO.11 12 15 21–23 25 28
In a recent study by Bratman et al, the bespoke ctDNA
assay was used in a cohort of 94 patients with 25 different
types of solid tumours.11 In the study, the bespoke assay
identified immunotherapy non-responders (eg, disease
progression) with a 98% PPV. Among patients whose
ctDNA levels increased after 6 weeks of treatment, PFS
at 6 months was only 7.5%, compared with 54.5% in
patients whose ctDNA levels decreased at the same time
point. In conjunction with increasing tumour volume
on a CT scan, bespoke ctDNA assay demonstrated 100%
PPV for detecting non-responders. The study also found
that complete clearance of ctDNA was associated with
exceptionally durable response (100% OS with a median
follow-up period of 25.4 months (range 10.8–29.5)).11
By contrast, the OS among patients who did not clear
their ctDNA was 42.5% and 17.5% at 12 and 24 months,
respectively. These data suggest that ctDNA clearance at
8

any time point during treatment is highly predictive of
long-term durable response. This finding is consistent
with the results of an independent study in patients with
hepatocellular carcinoma (n=48) undergoing treatment
with atezolizumab and bevacizumab that used bespoke
ctDNA assay and showed longer PFS in patients whose
ctDNA level was undetectable with treatment.45 Not only
did ctDNA changes predict the responses, all patients
who had their ctDNA cleared were alive till the last date of
follow-up. The study by Bratman et al also demonstrated
that 55% of patients experienced molecular progression
(ctDNA increase) at 6 weeks, and those patients received
on average 2 cycles (6 weeks) of additional immunotherapy guided by radiologic study, which could have
been avoided.11 Thus, bespoke ctDNA assay can enable
an earlier switch to an alternative treatment that may
have a higher chance of success and lower financial and
toxicity burden.
The predictive value of ctDNA was illustrated in a post
hoc analysis of IMvigor010 trial, a randomised, phase III
study comparing adjuvant atezolizumab to observation
after radical cystectomy for urothelial cancer.15 The study
showed that ctDNA detection after radical cystectomy
in both arms was associated with reduced disease-free
survival (DFS) (atezolizumab arm, HR=3.36, 95% CI 2.44
to 4.62; observation arm, HR=6.3, 95% CI 4.45 to 8.92;
p<0.0001) as well as reduced OS (atezolizumab arm,
HR=3.63, 95% CI 2.34 to 5.64; observation arm, HR=8.0,
95% CI 4.92 to 12.99), compared with patients with
undetectable postoperative ctDNA. In addition, ctDNA-
positive patients in the adjuvant atezolizumab arm had
an improved OS (HR=0.59, 95% CI 0.41 to 0.86; median
DFS 25.8 vs 15.8 months in the observation arm), while
ctDNA-negative patients showed no difference in survival
if they received adjuvant atezolizumab. Furthermore,
patients who cleared ctDNA with adjuvant atezolizumab
had dramatically better survival outcomes compared with
those who did not clear ctDNA (DFS, HR=0.26, 95% CI
0.12 to 0.56; p=0.0014; median DFS: 5.7 months vs not
reached; and OS, HR=0.41, 95% CI 0.1 to 1.70).15 Overall,
this study demonstrated that postoperative ctDNA could
predict benefit from adjuvant immunotherapy in resected
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patients with urothelial cancer. Furthermore, patients can
be stratified based on the presence/absence of ctDNA
after resection, and the ctDNA-negative patients may be
spared of adjuvant immunotherapy.15
Pseudoprogression poses a unique challenge in patients
with solid tumour receiving immunotherapy as validated
methods that differentiate between true progression and
pseudoprogression are lacking. Limited studies have
shown the potential of ctDNA in distinguishing pseudoprogression from true progression.11 24 26 In the study
reported by Bratman et al, seven patients showed pseudoprogression (tumour progression on scans but decreasing
ctDNA level at 6 weeks). Of these, four patients exhibited a
better OS >18 months (range 19–27) when compared with
patients who showed true progression (n=30, increasing
ctDNA and progressive disease on scan).11 Further, the
bespoke ctDNA assay was able to detect pseudoprogression 5 months earlier than the imaging studies.11 In the
present study, as one of the exploratory endpoints, we
plan to evaluate the association of ctDNA dynamics with
pseudoprogression. ctDNA clearance or decline in such
patients could help differentiate and direct patients with
true progression to alternative treatment.
Taken together, the studies described above provide
preliminary evidence that ctDNA can help in immunotherapy response monitoring. However, most of these studies
included a small patient population.14 18 20 22 23 26 Additionally,
several of these studies have used targeted panels to select
the variants and tracked the variants with droplet digital PCR
(ddPCR). However, the use of a targeted gene panel can
result in suboptimal variant selection and decreased ctDNA
sensitivity (43%–73%).12 23 25 46 By contrast, the bespoke
ctDNA assay selects clonal variants from a whole-exome analysis of the tumour (approximately 20 000 genes), minimising
suboptimal variant selection potential.
The predictive role of ctDNA is currently being
studied in several ongoing clinical trials investigating
the role of immunotherapy across multiple cancer
types (NCT03512847, NCT04636047, NCT04053725,
NCT03712566,
NCT04589845,
NCT04853017,
NCT03409848, NCT03178552). Although most of these
trials are designed to include small to moderate sample
sizes and employ variable assay designs, these trials would
be instrumental in establishing ctDNA’s role as a surrogate endpoint for immunotherapy treatment efficacy.
The limitation of our study is that it is purely observational.
Therapy is physician directed and not dictated by the trial
given the non-interventional nature of the study. However,
the prospective design of the study, a large sample size, and
the 2-year long follow-up period will allow us to compare
the sensitivity, specificity, PPV, NPV and clinical utility
within as well as among different study cohorts. Of note,
our study design includes a retrospectively enrolled control
group for adequate comparisons, which will further help in
determining the clinical utility of the personalised, tumour-
informed ctDNA assay in guiding treatment monitoring in
patients receiving immunotherapy. Another limitation is the
fewer tumour types being considered in this clinical study,
Kasi PM, et al. BMJ Open 2022;12:e060342. doi:10.1136/bmjopen-2021-060342

which may limit the generalisability of ctDNA-based treatment response monitoring in patients with other tumour
types getting IO therapy.
We believe this study will also help generate the relevant
data required to allow for future prospective interventional studies. We expect that our study will help establish
the real-world evidence of ctDNA’s utility in monitoring
treatment response to immunotherapy in patients with
solid tumours and support its integration into clinical
practice and guidelines, leading to meaningful improvements in patient outcomes and quality of life.
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