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Abstract Aim: The aim of the study was to compare ctDNA response rate and objective

response rate as surrogate markers for overall survival (OS) in patients with metastatic cancer

treated with chemotherapy.

Methods: The study included 420 patients distributed in five cohorts with colorectal, ovarian,

and nonesmall cell lung cancer. It represents a retrospective analysis of patients enrolled in

prospective biomarker studies and clinical trials. All patients had ctDNA measured before

start of treatment and at the first evaluation of objective response. ctDNA response rate

was defined as the fraction of patients converting from a measurable level at baseline to an

unmeasurable level at the first evaluation of objective response.

Aberrant, tumour specific, methylated DNA was measured in plasma. The method involves

DNA isolation, bisulphite conversion and droplet digital PCR.

The primary outcome measure was the correlation between ctDNA response rate, overall

response rate (ORR) and median survival.

Results: There was moderate correlation between ctDNA response rate and objective response

at first evaluation (R2 Z 0.68). The same applied to ctDNA response rate and ORR

(R2 Z 0.57). ctDNA held prognostic information in all the investigated tumour types

(p < 0.05). There was a high correlation between ctDNA response and median survival across

the included tumour types and treatments (R2 Z 0.99) clearly outperforming both response at

first evaluation and ORR (R2 Z 0.70 and 0.57, respectively).
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Conclusion: The results suggest that ctDNA response might serve as a surrogate marker for

OS. If validated, it may have great implications on the approval of new drugs.

ª 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Chemotherapy in a broad sense has a central role in the

management of malignant tumours. It represents a

treatment modality with serious, sometimes life-threat-

ening toxicity, and an evaluation of its benefit is there-

fore crucial. The treatment should prolong overall

survival (OS) or at least improve the health-related

quality of life, but the ultimate end-point of OS often

represents a perspective of several years before it can be
adequately calculated. This may lead to delay of drug

registration and postponement of new treatment op-

tions. Therefore, early end-points that correlate with

survival are of major interest. According to the U.S.

Food and Drug Administration (FDA), a surrogate

end-point in a clinical trial is a ‘substitute for a clinically

meaningful end-point that measures how a patient feels,

functions, and survives, and that is expected to predict
the effect of the therapy’ [1].

A new surrogate end-point must be validated before

it can be used in the daily clinical setting. Prentice [2] has

given a formal mathematical method for validation of

surrogate end-points. This statistical approach is

restrictive and not easy to verify in clinical research. The

criteria proposed by Buyse [3] seem more practical. They

operate with two levels. Individual level of surrogacy
requires association between the surrogate and the

clinical end-point. It calls for individual patient data

from at least one trial. Trial level surrogacy requires

association between treatment effect and the two end-

points, which calls for data from multiple trials.

The first early end-point related to treatment effect is

overall response rate (ORR), which is usually evaluated

according to the RECIST criteria and also used in the
approval of several drugs. Over the period of 2006e2018

the FDA approved 59 anti-cancer drugs for 85 in-

dications based on ORR as shown in a retrospective

review [4]. The serious shortcomings of ORR as a sur-

rogate end-point for OS, however, become obvious in a

recent review of trial-level meta-analyses [5]. Based on

32 trials, the authors found a poor correlation with

survival in 91% of the trials, whereas none had a high
correlation. Thus, there is an obvious need for better

surrogate end-points to predict OS early in the treat-

ment course.

Most, if not all, malignant tumours shed DNA into

the blood. Circulating tumour-specific DNA (ctDNA)

seems to hold biological information with important

clinical perspectives [6], but more critical points of view
have also been published [7], and the clinical utility re-

mains to be established. The major part of the literature

has focused on prognostic aspects of ctDNA, especially

in colorectal cancer (CRC) [8], but its relationship with
overall response rate has yet to be elucidated. The aim of

the present study was to compare ctDNA and objective

response rate in a number of different cohorts based on

the hypothesis that early ctDNA response might be a

relevant surrogate end-point for survival and superior to

objective response rate.

2. Material and methods

The study was a retrospective analysis of five prospec-

tively collected cohorts enrolled in previously published

papers. All trials were based on written and orally
informed consent complying with the Helsinki II

declaration. The present analysis was based on the

following criteria; metastatic disease undergoing stan-

dard or experimental treatment, performance status

0e2, assessment of ORR according to the RECIST

criteria, analysis of ctDNA before start of treatment and

within 2 weeks from first response evaluation, accessi-

bility for follow-up. In ovarian cancer with non-
measurable disease, the RECIST criteria were replaced

by the CA125 criteria.

2.1. Patients

The following cohorts (Table 1) were included.

‘Colorectal 1’ was a national cohort receiving last-line

treatment with regorafenib. The trial [9] enrolled 95

patients, and 70 fulfilled the eligibility criteria of the

present study.

‘Colorectal 2’ was a prospective biomarker study in

patients receiving standard first-line chemotherapy with

capecitabine, oxaliplatin and bevacizumab for metasta-
tic CRC. The trial [10] enrolled 123 patients, and 111

were included in the present study.

‘Ovarian 1’ was a phase I/II trial in patients with

BRCA-mutated epithelial ovarian cancer treated with the

PARP inhibitor veliparib. The patients were platinum

resistant or intermediate sensitive as defined by a relapse

within 6 months or 6e12 months, respectively, after pre-

vious platinum treatment. The trial [11] enrolled 48 pa-
tients, and 39 fulfilled the criteria of the present study.

‘Ovarian 2’ enrolled patients with platinum-resistant

ovarian cancer receiving standard chemotherapy with

liposomal doxorubicin, topotecan, carboplatin, or

http://creativecommons.org/licenses/by/4.0/


Table 1
Patient and treatment characteristics.

Cohort Number Treatment Treatment line First evaluation Fraction with

baseline measurable

ctDNA (%)

Colorectal 1 70 Regorafenib Last line, 1e4 previous lines 4 weeks 100

Colorectal 2 111 Capecitabine, oxaliplatin,

bevacizumab

First line 12 weeks 91

Ovarian 1 48 Veliparib Platinum resistant or

intermediate sensitive,

1e11 previous lines

12 weeks 79

Ovarian 2 45 Liposomal doxorubicin,

topotecan, carboplatin, treosulfan

Platinum resistant,

2e6 previous lines

12 weeks 65

Lung NSCLC 163 Platinum, vinorelbine First line 8 weeks 78

Table 2
Response rates.

Cohort ctDNA

response

rate

N (%)

Response rate at

first evaluation

N (%)

Overall

response rate

N (%)

Colorectal 1 0 (0) 0 (0) 0 (0)

Colorectal 2 55 (50) 42 (38) 44 (40)

Ovarian 1 10 (26) 15 (38) 20 (51)

Ovarian 2 2 (5) 7 (18) 7 (18)

Lung

NSCLC

25 (15) 14 (8.5) 17 (10)

A. Jakobsen et al. / European Journal of Cancer 149 (2021) 128e133130
treosulfan. The material [12] included 45 patients, with
37 fulfilling the present inclusion criteria.

‘Lung NSCLC’ was a prospective biomarker study in

patients with locally advanced non-small lung cancer

(NSCLC) (stages III and IV). The patients received

standard first-line chemotherapy with a platinum and

vinorelbine. The trial [13] enrolled 231 patients with 163

fulfilling the present inclusion criteria.

2.2. ctDNA analysis

Circulating tumour DNA was isolated from 4-ml

plasma. Measurement of the tumour-specific, methyl-
ated neuropeptide Y-gene (meth-NPY) was applied in

CRC, and the hypermethylated HOXA9 gene (meth-

HOXA9) was used in ovarian and lung cancer. The

details on the measurements are available in the sup-

plementary material and have also been described pre-

viously [14,15]. In short, it involves bisulphite

conversion followed by droplet digital PCR (ddPCR)

analysis. The limit of detection was �3 meth-NPY-
containing droplets and �5 meth-HOXA9-containing

droplets per analysis, respectively. The DNA content

was given as a fraction of total DNA with albumin gene

as reference (meth-ctDNA copies divided by albumin

copies (�100)) including the 95% confidence interval

(CI).

2.3. CA125 measurement

In the two ovarian cancer cohorts, CA125 was measured

before start of treatment and at each treatment cycle

using a routine assay. Response was evaluated accord-

ing to the modified criteria developed by the Gyneco-
logical Cancer Intergroup (GCIG) [16].

2.4. ctDNA response

ctDNA response was defined as the fraction of patients

converting from a baseline measurable level of ctDNA

to unmeasurable at the first evaluation. The unmeasur-

able level comprised zero-values and those with the

lower 95% CI overlapping zero.
2.5. Statistics

Frequencies were compared by the chi-squared test. OS
was calculated as KaplaneMeier plots and compared

for differences by the log rank test. The area under the

survival curve was calculated as restricted mean survival

time (RMST) for the first 24 months. Comparison of

median OS and response rates was performed as linear

regression analysis with R2 as comparator.

3. Results

The ctDNA response rate is compared with response
rate at first evaluation and ORR in Table 2. There is

good agreement between response at first evaluation and

ORR except in ‘Ovarian 1’ with an increased response

rate after the first evaluation. There was a moderate

correlation between ctDNA response and the two

objective response rates (R2 Z 0.68 and R2 Z 0.57).

Table 3 compares the response rate at first evaluation

according to ctDNA-responders versus non-responders.
The rate of PR clearly differs (p < 10�3) and the same

applies to the rate of PD (p < 10�3). One patient with

unmeasurable ctDNA both at start of treatment and

first evaluation had CR.

The prognostic importance of ctDNA response rate

appears from Fig. 1 showing survival of three of the

included cohorts. The KaplaneMeier plots show a sig-

nificant difference irrespective of tumour type
(p < 0.05).



Table 3
Comparison of response rates in ctDNA responders and non-

responders at first evaluation.

Responders N CR (%) PR (%) SD (%) PD (%)

ctDNA responders 92 0 (0) 29 (31.5) 60 (65) 6 (6.5)

ctDNA non-responders 328 1 (0.3) 43 (13) 197 (60) 87 (26.5)

A. Jakobsen et al. / European Journal of Cancer 149 (2021) 128e133 131
Fig. 2 shows the correlation between ctDNA

response rate and median survival. The regression line
clearly indicates a higher median survival with

increasing ctDNA response rate (R2 Z 0.99, p < 10�3).

The same was true when ctDNA response rate was

compared with RMST (R2 Z 0.89). Objective response

rate at first evaluation and ORR did not show the same

correlation with survival. A regression analysis showed

R2 values of 0.70 (p Z 0.09) and 0.57 (p Z 0.1),

respectively.

4. Discussion

The results presented here indicate a moderate correla-

tion between ctDNA and objective response rate, but

ctDNA response rate outperforms objective response

rate as a predictor of OS. To the best of our knowledge,

such results have not previously been presented.

ctDNA is a relatively new biomarker in clinical

oncology. The mechanism of tumour shedding has not
been elucidated in detail, but a number of hypotheses

have been proposed, although with sparse evidence. The

rate differs between tumour types, and it might be

speculated that ctDNA reflects a metastatic potential.
Fig. 1. Survival according to ctDNA response rate. A: Colorectal 2. B:

and Ovarian 2 was too few for survival analysis.
The analytical method is also to be considered, since a

fraction of ctDNA positive tumours is expected to in-

crease with increasing sensitivity, but even the most

laborious methods with extensive NGS and ddPCR of

driver mutations leaves a fraction of localised tumours

undetected by ctDNA. The application of ctDNA pre-

sented here is a simple approach and has the advantage

of the marker occurring in almost all tumours as
opposed to tumour-specific driver mutations.

The major part of the literature has focused on the

prognostic importance in metastatic disease before start

of treatment. A few studies have addressed response to

therapy. Tie et al. [17] has reported on 52 patients with

metastatic CRC and serial plasma sampling before start

of treatment, 3 days after start, and before cycle two. A

significant reduction of ctDNA correlated with objective
response. This is in agreement with our results showing

a correlation between ctDNA and objective response

rate at first evaluation. Garlan et al. [18] analysed

ctDNA before start of treatment and at both the second

and third cycle in 63 patients with metastatic CRC. The

results indicated that a decrease to normal level

(<0.1 ng/ml) implied a better prognosis, and further

prognostic information was obtained by combining this
parameter with a steep decrease of ctDNA values. The

results presented here point to the same direction also

using hypermethylation as basis for analysis of ctDNA.

Our ctDNA response is an absolute measure and easy to

handle. Barault et al. [19] also found a correlation be-

tween ctDNA and response in metastatic CRC,

although based on few patients.
Ovarian 1. C: Lung NSCLC. The number of events in Colorectal 1



Fig. 2. Correlation between response rate and median survival. A:

ctDNA response rate. B: Objective response rate at first evalua-

tion. C: Overall response rate.
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The ctDNA response introduced in the present study

allows for direct comparison with simultaneous objec-

tive response at first evaluation of treatment effect.

There was only moderate correlation between ctDNA

and objective response rates, probably reflecting

inherent differences. The level of ctDNA is not merely a

reflection of tumour size although with some correla-

tion. The shedding of tumour DNA into the circulation
is a multifactorial process among which tumour size is

only one. The sensitivity and reproducibility of ctDNA

is high compared with objective response rates [20], and

it spares the patients of irradiation.

The application ofORRas a surrogate end-point forOS

in the approval of new drugs is by no means ideal. The

correlation of ORR and survival is poor in most cases, and

increased ORR does not ‘predict a specific clinical benefit’
as required by the FDA [21]. The present results indicate

that ctDNA response outperforms ORR as to the correla-

tion with median survival and thus seems to fulfil the indi-

vidual level of surrogacy.However, it doesnot allow for any

conclusion on the trial-level surrogacy, which calls for

several randomised trials and meta-analyses.

The study is limited by its retrospective nature and

the size of the included cohorts. Additionally, it includes
only three tumour types, although very different, and it

would be premature to claim a general applicability of

ctDNA. On the other hand, the marker seems to be

applicable in both cytostatic and targeted treatment.

In conclusion, ctDNA response rate seems to outper-

form objective response rate with respect to correlation

with survival. Its application as a surrogate end-point for

survival should be investigated in randomised trials.
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