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To the editor,
Detection of tumor-specific biomarkers with accept-

able predictive value has been the core strategy in the 
pursuit of precision medicine. The biomarker analysis is 
often conducted on conventional tumor biopsy samples 
which don’t represent the heterogeneity and dynamic 
evolution of the tumors. Alternatively, liquid biopsies 
bring about precision while being a non-invasive modal-
ity to comprehend the dynamics of tumor burden. Given 
the fact that by novel strategies of neoadjuvant chemo-
radiotherapy (nCRT), a higher number of patients with 
locally-advanced rectal cancer (LARC) will experience a 
clinical complete response (cCR) to nCRT, a promising 

Biomarker Research

*Correspondence:
Reza Ghalehtaki
rghalehtaki@sina.tums.ac.ir
1School of Medicine, Tehran University of Medical Sciences, Tehran, Iran
2Radiation Oncology Research Center, Cancer Research Institute, Tehran 
University of Medical Sciences, Qarib St., Keshavarz Blvd, Tehran, Iran
3Department of Radiation Oncology, Cancer Institute, IKHC, Tehran 
University of Medical Sciences, Tehran, Iran

Abstract
Colorectal cancer is a major cause of cancer-related deaths worldwide. A third of colorectal cancers reside in 
the rectum. Many patients with rectal cancer present in the locally-advanced stage which needs multi-modality 
therapy usually starting with neoadjuvant chemo-radiotherapy followed by surgery and adjuvant systemic 
chemotherapy. Total neoadjuvant therapy, defined as the preoperative administration of both neoadjuvant 
chemoradiotherapy and systemic chemotherapy is also an evolving treatment that can be delivered if indications 
for preoperative chemotherapy exist. Identifying biomarkers to predict response to neoadjuvant therapy, can 
improve patient selection for a non-surgical, active surveillance approach. Circulating tumor DNA (ctDNA) can be 
detected in about 75% of patients with locally-advanced rectal cancer (LARC) at the baseline and in about 15–20% 
of patients in the post-neoadjuvant, or postoperative setting. ctDNA clearance rate after delivering neoadjuvant 
chemoradiotherapy, or integrating baseline ctDNA with other conventional markers of clinical response can be a 
promising marker to select and monitor patients on the “watch and wait” approach. In this article, we aimed to 
integrate the recent findings and provide a unique insight into the utilization of preoperative ctDNA to predict 
clinical response in patients with LARC. We also sought to highlight the potential areas for future research in this 
field. Further studies with a larger number of participants from diverse populations and settings are needed to 
increase external validity of such investigations and determine the role of ctDNA in guiding clinical decisions and 
management of patients with LARC.
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marker to stratify patients based on their response 
would be of value. Significant studies, such as Galaxy, 
DYNAMIC, IDEA, CIRCULATE, and COBRA evaluated 
patients with CRC, specifically colon cancer. Thus, most 
evidence regarding LARC patients is from smaller stud-
ies with limited participants, diminishing their statistical 
power and limiting conclusions from them.

ctDNA can be detected in more than 75% of patients 
with LARC before receiving nCRT [1–5]. This detection 
rate diminishes to 15–20% between the termination of 
the nCRT and surgery [1, 4, 5]. Despite this considerable 
detection rate, reports on the predictive value of pre-
operative ctDNA for long-term oncological outcomes, 
such as recurrence-free (RFS) or metastasis-free sur-
vival (MFS), have been heterogeneous. ctDNA analysis 
of the preoperative samples seems to be more predictive 
when taken in the post- than in the pre-nCRT window 
(Table  1). For instance, Tie et al. failed to report base-
line ctDNA as a prognostic marker of RFS [3]. However, 
post-nCRT preoperative ctDNA was predictive of RFS. 
In another study, the detection of two or more muta-
tions, in comparison to less than two mutations, at the 
ctDNA analysis was related to worse disease-free survival 
(DFS) [6]. Altogether, it seems that even the dynamics 
of ctDNA can be a more valuable long-term prognostic 
marker than its presence at baseline. In the study by Kha-
koo et al., persistent positive ctDNA before, during, and 

after neoadjuvant nCRT was a more accurate predictor 
of worse MFS than positive ctDNA at only post-neoad-
juvant window.

Considering the recent paradigm in multi-modality 
management of rectal cancer, to improve the value of 
the current clinically available predictors of the patho-
logical complete response (pCR) prior to surgery, studies 
have investigated the role of ctDNA as a marker of pCR. 
ctDNA can also be a promising marker of response and 
local recurrence in patients who are on an “active surveil-
lance” or “watch and wait” approach and do not undergo 
surgery after the completion of nCRT [7]. ctDNA change 
as a function of nCRT can be an independent predictor 
for pCR [8, 9]. In the aforementioned study by Khakoo 
et al. [1], post-neoadjuvant ctDNA, in contrast to base-
line and during-neoadjuvant ctDNA, was significantly 
associated with MRI-defined tumor regression grade 
(MRI-TRG). Wang et al. reported that integrating ctDNA 
levels, clearance, and the MRI-TRG can provide the 
optimal predictive value for pCR (Area under the curve 
(AUC) = 0.886) compared to either ctDNA (AUC = 0.818) 
or MRI (AUC = 0.729) alone [9]. Another study sug-
gested that a combination of a positive baseline ctDNA 
and MRI-defined extramural venous invasion can be 
highly associated with poor response [6]. Among the 
non-responders in this study, two patients had TP53, one 
had KRAS, and one had both KRAS and TP53 mutations 

Table 1  Studies investigating preoperative ctDNA in patients with rectal tumors
Study population ctDNA de-

tection rate
Primary outcome HR (CI); P-value Setting

Tie et al. 2019 [3] 159 pts, T3/4, 
N + LARC

77% RFS 1.1 (0.42-3.0); P = 0.823 Pre-neoadjuvant
8.3% 6.6 (2.6–17); P < 0.001 Post-neoadjuvant, Preoperative

Kotani D et al. 
2023 [2]

1039 pts, Stage 
II-IV resectable 
CRC

91% DFS 0.89 (0.55–1.4); P = 0.620 Preoperative

Zhou et al. 2021 
[5]

109 pts, LARC 75% MFS NA (NA); P = 0.03 Pre-neoadjuvant
15.6% 6.635 (1.24–35.50); P < 0.001 During-neoadjuvant
10.5% 19.82 (2.029–193.7); P < 0.001 Post-neoadjuvant, Preoperative

Vidal et al. 2021 
[4]

180 pts, LARC 83% DFS, OS NA (NA); P = 0.59,
NA (NA); P = 0.38

Pre-neoadjuvant

15% 4; P = 0.033, 23; P < 0.0001 Post-neoadjuvant, Preoperative
Murahashi et al. 
2020 [8]

85 pts, LARC 57.6% pCR Change in ctDNA more than 80%: 7.4 
(1.2–144), P = 0.0276

Pre-neoadjuvant
22.3% Post-neoadjuvant, Preoperative

Pazdirec et al. 
2020 [12]

33 pts, LARC, 
Stage II/III

21.1% DFS, OS NA (NA); P = 0.015, NA (NA); P = 0.01 Pre-neoadjuvant

Roesel et al. 2022 
[13]

23 pts, LARC 87% pCR, Recurrence NA (NA); P = 0.45, NA (NA); P = 0.54 Pre-neoadjuvant
17.4% NA 4 weeks post-neoadjuvant
13% NA 7 weeks post-neoadjuvant
29% NA (NA); P = 1, NA (NA); P = 0.61 16 weeks post-neoadjuvant 

(preoperative)
Khakoo et al. 
2020 [1]

47 pts, LARC 74.4% MFS 2.1 (0.5–9.6); P = 0.33 Pre-neoadjuvant
21.3% 2.6 (0.9–8.1); P = 0.09 On-neoadjuvant
21.3% 7.1 (2.4–21.5); P < 0.001 Post-neoadjuvant

CRC: colorectal cancer, DFS: disease-free survival, LARC: locally-advanced rectal cancer, OS: overall survival, MFS: metastasis-free survival, NA: not available, pCR: 
pathological complete response, RFS: regression-free survival
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in the baseline liquid biopsy sample [6]. KRAS and its 
combination with TP53 mutation have been reported to 
be associated with radioresistance in patients with CRC 
[10]. ctDNA clearance of 80% or more was also reported 
to be an independent predictor of pCR, whereas none of 
the pre-nCRT and pre-surgical ctDNA levels were asso-
ciated with the pCR [8]. Among the 39 non-responders 
evaluated in this study, an increase in the mutation allele 
frequency (MAF) was observed in only 7 patients. This 
is in contrast to the responders’ group, where only 1 out 
of 12 patients exhibited an increase in MAF. It is note-
worthy that a significant proportion of non-responders 
demonstrated a reduction in MAF of ctDNA, albeit this 
proportion was markedly higher in the responders group. 
This highlights the limitations of the validity of ctDNA in 
predicting the response to nCRT. These data suggest that 
serial ctDNA monitoring, its dynamics, and mutational 
profile, might be useful additions to the conventional 
clinical assessment, such as MRI-TRG, to identify opti-
mal candidates for non-operative management.

As mentioned before, currently available data on the 
value of ctDNA in predicting cCR following nCRT in 
LARC is mainly based on small-scale studies. Larger 
LARC-focused studies could clarify ctDNA’s role in 
clinical decision-making. Enhanced predictive accuracy 
could be achieved through tissue-directed liquid biop-
sies, the use of advanced NGS panels for ctDNA detec-
tion, and the integration of other tumor biomarkers. 
Utilizing advanced analytical techniques like machine or 
deep learning could further improve the predictive per-
formance of these complex models. Given the constraints 
of current imaging and staging methods, it is possible to 
categorize subgroups of patients with LARC by utilizing 
ctDNA-based assessments. This allows us to recommend 
risk-adjusted therapies and investigate the corresponding 
treatment outcomes. External validation is also a critical 
factor in assessing the robustness and applicability of the 
discussed findings in this article. Further multi-center tri-
als across diverse populations and settings would render 
these results more generalizable and reliable. They can 
also lead to the identification of potential sources of bias 
or heterogeneity that may affect the predictive perfor-
mance of the models based on ctDNA detection.

ctDNA has been also studied as a beneficial tool to 
select and monitor patients in a timely manner for tar-
geted therapies, i.e. anti-EGFR or anti-PD-1/PD-L1. 
Serial ctDNA samples would be a convenient tool to 
comprehend cancer cells’ evolution towards secondary 
resistance while on targeted therapies. However, their 
implementation in this setting has been mostly investi-
gated in metastatic CRC and not localized tumors. This 
could be explained by the fact that the emerging ben-
efit of targeted therapies in the neoadjuvant setting for 

localized tumors such as LARC is only recently being 
investigated [11].

Acknowledgements
Not applicable.

Authors’ contributions
PS.P. drafted the manuscript and prepared the table. R.G. contributed to 
the implementation of the research and revised it critically for important 
intellectual content. All authors reviewed the manuscript and approved the 
version to be published.

Funding
Not applicable.

Data Availability
Data sharing is not applicable to this article as no datasets were generated or 
analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Received: 20 July 2023 / Accepted: 4 September 2023

References
1.	 Khakoo S, Carter PD, Brown G, Valeri N, Picchia S, Bali MA, et al. MRI Tumor 

Regression Grade and circulating tumor DNA as complementary tools to 
assess response and guide therapy adaptation in rectal Cancer. Clin Cancer 
Res. 2020;26(1):183–92.

2.	 Kotani D, Oki E, Nakamura Y, Yukami H, Mishima S, Bando H, et al. Molecular 
residual disease and efficacy of adjuvant chemotherapy in patients with 
colorectal cancer. Nat Med. 2023;29(1):127–34.

3.	 Tie J, Cohen JD, Wang Y, Li L, Christie M, Simons K, et al. Serial circulating 
tumour DNA analysis during multimodality treatment of locally advanced 
rectal cancer: a prospective biomarker study. Gut. 2019;68(4):663–71.

4.	 Vidal J, Casadevall D, Bellosillo B, Pericay C, Garcia-Carbonero R, Losa F, et al. 
Clinical impact of Presurgery circulating Tumor DNA after total Neoadjuvant 
treatment in locally advanced rectal Cancer: a Biomarker Study from the 
GEMCAD 1402 Trial. Clin Cancer Res. 2021;27(10):2890–8.

5.	 Zhou J, Wang C, Lin G, Xiao Y, Jia W, Xiao G, et al. Serial circulating tumor DNA 
in Predicting and Monitoring the Effect of Neoadjuvant Chemoradiotherapy 
in patients with rectal Cancer: a prospective Multicenter Study. Clin Cancer 
Res. 2021;27(1):301–10.

6.	 Morais M, Fonseca T, Melo-Pinto D, Prieto I, Vilares AT, Duarte AL et al. Evalu-
ation of ctDNA in the prediction of response to Neoadjuvant Therapy and 
Prognosis in locally advanced rectal Cancer patients: a prospective study. 
Pharmaceuticals (Basel). 2023;16(3).

7.	 Yang L, Wang Y, Bao H, Wan J, Fan X, Bao H, et al. ctDNA as a potential prog-
nostic marker for locally advanced rectal cancer patients with ‘watch and 
wait’ approach. J Clin Oncol. 2019;37(15suppl):3544.

8.	 Murahashi S, Akiyoshi T, Sano T, Fukunaga Y, Noda T, Ueno M, et al. Serial cir-
culating tumour DNA analysis for locally advanced rectal cancer treated with 
preoperative therapy: prediction of pathological response and postoperative 
recurrence. Br J Cancer. 2020;123(5):803–10.

9.	 Wang Y, Yang L, Bao H, Fan X, Xia F, Wan J, et al. Utility of ctDNA in predicting 
response to neoadjuvant chemoradiotherapy and prognosis assessment 
in locally advanced rectal cancer: a prospective cohort study. PLoS Med. 
2021;18(8):e1003741.



Page 4 of 4Pezeshki and Ghalehtaki Biomarker Research           (2023) 11:81 

10.	 Jethwa KR, Jang S, Mullikin TC, Harmsen WS, Petersen MM, Olivier KR, et al. 
Association of tumor genomic factors and efficacy for metastasis-directed 
stereotactic body radiotherapy for oligometastatic colorectal cancer. Radio-
ther Oncol. 2020;146:29–36.

11.	 Cercek A, Lumish M, Sinopoli J, Weiss J, Shia J, Lamendola-Essel M, et al. PD-1 
blockade in Mismatch Repair–Deficient, locally advanced rectal Cancer. N 
Engl J Med. 2022;386(25):2363–76.

12.	 Pazdirek F, Minarik M, Benesova L, Halkova T, Belsanova B, Macek M, et al. 
Monitoring of early changes of circulating Tumor DNA in the plasma of rectal 
Cancer patients receiving Neoadjuvant Concomitant Chemoradiotherapy: 
evaluation for prognosis and prediction of therapeutic response. Front Oncol. 
2020;10:1028.

13.	 Roesel R, Epistolio S, Molinari F, Saletti P, De Dosso S, Valli M, et al. A pilot, 
prospective, observational study to investigate the value of NGS in Liquid 
Biopsies to predict Tumor Response after Neoadjuvant Chemo-Radiotherapy 
in patients with locally advanced rectal Cancer: the LiBReCa Study. Front 
Oncol. 2022;12:900945.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿The clinical application of ctDNA to predict response to neoadjuvant chemoradiotherapy in patients with locally-advanced rectal cancer
	﻿Abstract
	﻿References


