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Abstract 

Background For locally advanced rectal cancer (LARC), total neoadjuvant therapy (TNT) may enhance tumour 
response, reduce recurrence, and improve patient compliance compared to upfront surgery. Recent studies have 
shown that chemoradiotherapy (CRT) followed by consolidation chemotherapy leads to higher rate of pathologic 
complete response (pCR) than induction chemotherapy followed by CRT. However, an optimal TNT regimen that max‑
imise the pCR rate and minimise toxicity has not been established. Therefore, the aim of this trial was to investigate 
whether preoperative short‑course radiotherapy followed by chemotherapy with four cycles of CAPOX can double 
the pCR rate compared to a standard schedule of long‑course preoperative CRT in patients with LARC.

Methods This is a multi‑centre, prospective, open label, randomised controlled trial. Patients with clinical primary 
tumour stage 3 and higher or regional node‑involved rectal cancer located within 10 cm from the anal verge were 
randomly assigned equally to short‑course radiotherapy (25 Gy in 5 fractions over 1 week) followed by four cycles 
of CAPOX (intravenous oxaliplatin [130 mg/m2, once a day] on day 1 and capecitabine [1,000 mg/m2, twice a day] 
from days 1 to 14) (TNT) or CRT (50.4 Gy in 28 fractions over 5 weeks, concurrently with concomitant oral capecit‑
abine 825 mg/m2 twice a day). After preoperative treatment, total mesorectal excision was performed 2–4 weeks 
in the TNT group and 6–10 weeks in the CRT group, followed by optional additional adjuvant chemotherapy. The 
primary endpoint is the pCR rate, and secondary endpoints include disease‑related treatment failure, quality of life, 

†Min Jung Kim, Dae Won Lee and Hyun‑Cheol Kang contributed equally to 
this study.

*Correspondence:
Seung‑Yong Jeong
syjeong@snu.ac.kr
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-023-11177-7&domain=pdf


Page 2 of 7Kim et al. BMC Cancer          (2023) 23:734 

and cost‑effectiveness. Assuming a pCR rate of 28% and 15% in the TNT and CRT groups, respectively, and one‑side 
alpha error rate of 0.025 and power of 80%, 348 patients will be enrolled considering 10% dropout rate.

Discussion The TV‑LARK trial will evaluate the superiority of employed TNT regimen against the standard CRT regi‑
men for patients with LARC. We aimed to identify a TNT regimen that will improve the pCR rate and decrease systemic 
recurrence in these patients.

Trial registration Cris.nih.go.kr ID: KCT0007169 (April 08, 2022). The posted information will be updated as needed 
to reflect the protocol amendments and study progress.

Keywords Total neoadjuvant therapy, Rectal cancer, Chemoradiotherapy, Radiotherapy, Chemotherapy, Pathologic 
complete response

Background
Neoadjuvant long-course chemoradiotherapy (CRT), 
followed by total mesorectal excision (TME) and adju-
vant chemotherapy, has been the standard treatment for 
patients with locally advanced rectal cancer (LARC) [1–
4]. This multimodal treatment has evolved to its current 
regimen through trials that have proven its effectiveness. 
In Dutch and Swedish trials, radiotherapy plus surgery 
reduced local recurrence and significantly improved 
overall and cancer-specific survival [3, 5]. Addition of 
chemotherapy to radiotherapy resulted in less advanced 
pathological tumour stages and lower incidences of local 
recurrences than radiotherapy alone [2, 6]. In German 
trial, preoperative radiotherapy reduced local recurrence 
and toxicity compared to postoperative radiotherapy 
alone [4, 7]. The Lyon R90-01 and GRECCAR-6 tri-
als demonstrated that delaying surgery for 6 to 8 weeks 
increased tumour downstaging [8, 9]. The recent ADORE 
trial confirmed that adjuvant FOLFOX improved disease-
free survival (DFS) after neoadjuvant CRT [10]. Thus, 
preoperative CRT followed by delayed TME with adju-
vant chemotherapy has been the standard treatment for 
LARC for decades, and the local recurrence in major cen-
tres has improved to as low as 5% to 8% [11].

However, the rate of distant metastasis surpassed local 
recurrence in patients with rectal cancer under mod-
ern treatment regimens [2]. In a prospective trial, the 
10-year cumulative incidence of distant metastasis was 
approximately 29% in both preoperative and postopera-
tive radiotherapy groups, whereas the 10-year cumula-
tive incidence of local recurrence rate was 6.8% and 9.4%, 
respectively [7]. Two randomised controlled trials dem-
onstrated that adjuvant fluorouracil and leucovorin (FL) 
chemotherapy could not prevent distant metastasis in 
rectal cancer patients undergoing preoperative CRT and 
surgery [12, 13]. The low compliance to the planned adju-
vant chemotherapy is one of the reasons for the high rate 
of distant metastasis because only about half of patients 
finish adjuvant chemotherapy [2, 12, 14]. Moreover, in 
the setting of conventionally fractionated preoperative 
CRT, patients will receive systemic chemotherapy 15 to 

19 weeks after starting treatment. Therefore, researchers 
have attempted to reduce the duration of radiotherapy 
and move the systemic chemotherapy preoperatively as 
consolidation or induction chemotherapy [15–17].

Total neoadjuvant therapy (TNT) for rectal cancer is a 
therapeutic strategy that incorporates chemotherapy with 
CRT before surgery to eradicate occult micro-metastasis 
and increase the pathologic complete response (pCR) 
rate. In the STELLAR trial, four cycles of CAPOX were 
administered with short-course RT before surgery. The 
TNT group showed improved overall survival compared 
with the conventional CRT group, and the total rate of 
pCR and sustained cCR in TNT group was 21.8%, which 
was significantly higher than in the CRT group’s pCR 
of 12.3% (p = 0.002) [18]. The RAPIDO trial performed 
short-course RT and six cycles of CAPOX for locally 
advanced rectal cancer with high-risk features. The 
3-year disease-related treatment failure rate was 23.7% 
(19.8–27.6) vs. 30.4% (26.1–34.6), and the pCR rate was 
28% vs. 14% (p < 0.0001) [19]. The UNICANCER-PROD-
IGE 23 trial in France used FOLFIRINOX #6 and long-
course CRT as intensified neoadjuvant chemotherapy 
for cT3 or cT4M0 LARC [20]. The results showed that 
compared to the standard care group, the 3-year DFS was 
improved significantly (HR 0.69, p = 0.034), and the pCR 
rate was 28% vs. 12% (p < 0.0001).

Improving the pCR rate is important for organ pres-
ervation in patients with rectal cancer. In the Memorial 
Sloan-Kettering Cancer Centre, researchers suggested 
that TNT can facilitate non-operative treatment, giving 
a higher pCR rate from their retrospective cohort anal-
ysis [21]. In addition, by comparing induction chemo-
therapy and consolidation chemotherapy, they suggested 
that consolidation chemotherapy followed by CRT could 
achieve more rectal preservation than induction chemo-
therapy by enhancing the sustained clinical CR rate [22].

However, the TNT regimen for the standard-risk 
LARC has not been standardised to maximise its effec-
tiveness in increasing pCR and decreasing distant metas-
tasis while minimising treatment-related toxicity. Two 
randomised controlled trials confirmed comparable local 
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control and DFS between short-course radiotherapy 
and long-course CRT [14, 23]. Three months of CAPOX 
treatment was as effective as 6 months treatment in stage 
III colon cancer, except for T4 or N2 cancers in the IDEA 
study [24]. Therefore, this manuscript aimed to report the 
protocol for the prospective randomized controlled trial 
that will compare short-course radiotherapy followed by 
four cycles of CAPOX with conventionally fractionated 
preoperative CRT for LARC.

Methods
Design
The TV-LARK trial is a multicentre randomised phase 
III superiority trial initiated by the rectal cancer research 
group in the Seoul National University Hospital. A list of 
all participating centres has been added as a Supplemen-
tary file 1. Eligible patients were randomly assigned to 
receive either short-course radiotherapy and neoadjuvant 
chemotherapy followed by surgery (intervention; arm A) 
or neoadjuvant CRT followed by surgery and adjuvant 
chemotherapy (comparator; arm B) (Fig. 1). Randomisa-
tion in a 1:1 ratio was performed centrally using a web-
based system, with stratification according to clinical T 
(cT2-3 vs. cT4) and N (cN0 vs. cN +) stage.

Study population
Patients are eligible if they have histologically confirmed 
resectable stage II or III rectal adenocarcinoma with-
out distant metastases, including para-aortic lymph 
nodes (LNs) and common and external iliac LN metas-
tases. Resectability was assessed by a multiphase com-
puted tomography (CT) scan within four weeks before 
randomisation. The inclusion criteria were a tumour 
located ≤ 10  cm from the anal verge, patient aged 

19–80  years, Eastern Cooperative Oncology Group 
(ECOG) performance status scale ≤ 1, American Society 
of Anesthesiologists (ASA) class I or II, no history of any 
other systemic treatment or radiotherapy for rectal can-
cer, no history of intraoperative radiotherapy, adequate 
bone marrow function (i.e. absolute neutrophils ≥ 1,500/
mm3; platelets ≥ 75,000/mm3), adequate liver function 
(bilirubin ≤ 2.0 fold of upper limit of normal, liver func-
tion enzymes level (aspartate aminotransferase, alanine 
aminotransferase) ≤ 2.5 fold of upper limit of normal), 
and adequate renal function (creatinine ≤ 1.5 fold of 
upper limit of normal or renal filtrate rate (Ccr, calcu-
lated using Cockcroft formula) ≥ 50  ml/min. Patients 
who can comply with the study protocol for the dura-
tion of the study, understand the study process and 
treatment plan, and have signed the informed consent 
form will be included.

The exclusion criteria were other malignancies within 
five years except for cured superficial skin cancer or 
cervical carcinoma in  situ; prior treatment for rectal 
cancer; history of organ transplant requiring immu-
nosuppressive therapy; uncontrolled epilepsy or psy-
chosis; hypersensitivity to fluoropyrimidine agents, 
platinum, leucovorin, capecitabine, or confirmed dihy-
dropyridine dehydrogenase deficiency; and genetic 
problems such as galactose intolerance, Lapp lactase 
deficiency, or glucose-galactose malabsorption. Patients 
who were required to continue concomitant treatment 
and were expected to receive oxaliplatin, flucytosine, 
phenytoin, or warfarin were also excluded. Further-
more, patients were ineligible in cases of National 
Cancer Institute Common Toxicity Criteria grade 1 or 
higher peripheral neuropathy, uncontrolled or severe 
cardiovascular disease, infection, and pregnancy.

Fig. 1 Study flow. Orange bar represents radiotherapy per one week. Abbreviations: RTx Radiotherapy, CRT  Chemoradiotherapy, TNT Total 
neoadjuvant therapy, Op Operation
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Treatment
Arm A: total neoadjuvant short‑course radiotherapy followed 
by CAPOX (TNT group)
The treatment in arm A started with short-course radi-
otherapy (25  Gy in 5 fractions during a week). A topi-
cal simultaneous integrated boost was permitted at the 
investigator’s discretion. The contouring of the radiother-
apy plan was the same as that of the control group. Neo-
adjuvant chemotherapy will be given within two weeks 
after the last radiotherapy fraction but should be within 
at least three weeks. Chemotherapy consisted of four 
cycles of CAPOX (capecitabine 1,000 mg/m2 orally twice 
daily on days 1 − 14, oxaliplatin 130 mg/m2 intravenously 
on day 1, and a chemotherapy-free interval between days 
15 − and 21). The dose was adjusted based on the maxi-
mum graded toxicity within the previous cycle. Within 
a week after the last day of neoadjuvant chemotherapy, 
restaging CT scan, MRI, and sigmoidoscopy were per-
formed and, when appropriate, followed by surgery with 
curative intent. Surgery is planned 2 to 4 weeks after neo-
adjuvant chemotherapy. Adjuvant chemotherapy is not 
scheduled but can be administered at the investigator’s 
discretion according to the pathologic tumour response.

Arm B: neoadjuvant chemoradiotherapy and adjuvant 
chemotherapy (standard of care group)
Treatment in arm B starts with radiotherapy in 28 daily 
fractions of 1.8  Gy up to 50.4  Gy or 25 fractions up to 
50.0  Gy with concomitant oral capecitabine 825  mg/m2 
twice a day. In both groups, the clinical target volume 
(CTV) 1 was defined as an area extending 1.5 cm or more 
to the distal and proximal direction of the tumour in the 
rectum bordered by the internal iliac and presacral LNs 
and mesorectal fascia on CT images in the prone posi-
tion. CTV 2 was defined as CTV 1 plus enlarged LN 
areas. Planning target volume (PRV) 1 and PTV 2 will 
cover 0.8 − 1  cm from CTV 1 and CTV 2, respectively. 
The radiation dose was delivered to 95% of the PTV, 
and there was no area where the radiation dose is given 
exceeding 10% or more than the prescribed. A three-
beam technique was used, and the treating physician and 
hospital policy permitted intensity-modulated radio-
therapy. Six weeks after the last day of CRT, a restaging 
examination similar to that of the TNT group was per-
formed. Surgery was planned six − to eight weeks after 
the last day of CRT. Adjuvant chemotherapy was admin-
istered within 3 − 8  weeks after surgery. Capecitabine 
alone or CAPOX was administered for 3–6 months (4–8 
cycles) at the investigator’s discretion. Capecitabine alone 
was administered at 1,250  mg/m2 twice a day on days 
1 − 14, with three weeks per cycle. CAPOX was adminis-
tered as oxaliplatin 130 mg/m2 on day 1 and capecitabine 
1,250 mg/m2 twice a day on days 1 − 14.

Surgery: both groups
Surgery is performed according to TME principles. 
The rectum was dissected along the holy plane of the 
mesorectum. The lateral LN is additionally dissected 
if metastasis is suspected on preoperative MRI. Surgi-
cal approaches include laparotomy, laparoscopy, robot-
ics, and transanal TME. Rectal preservation strategies, 
such as local excision or watch-and-wait, are not consid-
ered in this protocol. Postoperative complications were 
defined according to the Clavien-Dindo classification 
and recorded until 30 days after surgery. If neoadjuvant 
chemotherapy or radiotherapy is discontinued because of 
toxicity or in cases of local progression, patients will still 
proceed with the surgery. Patients who develop distant 
metastasis or unresectable disease during neoadjuvant 
therapy at restaging on the other hand will proceed with 
chemotherapy.

Outcomes
The primary endpoint was pCR, which will be evaluated 
by independent pathologists at each institution. Second-
ary endpoints included disease-related treatment failure 
(first occurrence of locoregional failure, new primary 
colorectal cancer, distant metastasis, or treatment-related 
death) [19], quality of life (patient-reported outcomes), 
and cost-effectiveness analysis. The exploratory endpoint 
is circulating tumour DNA (ctDNA), which will be meas-
ured to confirm whether detecting a treatment response, 
relapse, or relapse at an earlier phase is possible.

Follow up
After treatment, follow-up will be conducted every six 
months for five years. Physical exam, tumour markers 
(carcinoembryonic antigen [CEA] and carbohydrate anti-
gen 19–9 [CA19-9]), and chest and abdomen CT scans 
will be taken every six months until disease recurrence 
or up to a maximum of 5 years after the end of treatment 
without recurrence. Total colonoscopy was planned at 
12, 36, and 60  months postoperatively. Rectal MRI and 
PET CT scans are allowed on indication to detect or con-
firm recurrence.

Quality of life and functional outcomes
The quality of life and functional outcomes were assessed 
using patient-reported questionnaires at multiple time 
points throughout the treatment and during follow-up. 
The questionnaires included two European Organization 
for Research and Treatment of Cancer (EORTC) ques-
tionnaires: the quality-of-life questionnaire for patients 
with cancer (QLQ-C30) and the quality-of-life question-
naire for patients with colorectal cancer (QLQ-CR29). 
Postoperative bowel function was measured using the 
low anterior resection syndrome (LARS) score. These 
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questionnaires are available in Korea and have been vali-
dated in previous studies [25–27].

Sample size calculation and statistical analysis
The study hypothesis was that when the pCR rate of the 
conventional CRT group (arm B) was assumed to be 15%, 
the pCR rate will be increased to 28% in the TNT group 
(arm A). With a one-sided alpha of 0.025 and a power of 
80%, each group needed 156 participants to prove the 
hypothesis. Considering the 10% of dropout rate, a total 
of 348 patients will be required.

Data collection and management
The web-based software iCReaT version 2.0 by the 
National Institute of Health of the Korean Disease Con-
trol and Prevention Agency was used for randomisation, 
data collection, and central data monitoring and manage-
ment. Data management was coordinated by HERINGS, 
Co. Ltd., and clinical research coordinators of each insti-
tution collected data. Data were entered following a pre-
defined and standardised protocol, providing guidelines 
for missing values. Data managers were trained using the 
iCReaT software and electronic case report form before 
data entry.

Monitoring
Qualified and independent monitoring will be performed 
periodically throughout the trial by HERINGS and the 
institutional IRB. The participating centres will be vis-
ited to randomly check the compliance with the protocol 
and enrolment criteria, proper treatment implementa-
tion, query review, data verification, and adverse event 
reports. Adverse events were graded using the Common 
Terminology Criteria for Adverse Events (CTCAE) ver-
sion 5.0 [28].

Discussion
We describe the protocol of the TV-LARK trial, a multi-
centre randomised phase III trial supported and funded 
by the National Evidence-based Healthcare Collaborating 
Agency (NECA) in South Korea. The trial was designed 
to prove the efficacy of short-course radiotherapy fol-
lowed by TNT for patients with LARC. This study was 
based on previous studies regarding TNT in rectal can-
cer. If TV-LARK trial demonstrates superior pCR for 
patients receiving short-course radiotherapy with four 
cycles of CAPOX to those receiving long-course CRT 
with adjuvant chemotherapy, this protocol could be 
accepted as the neoadjuvant treatment of choice for 
patients with LARC.

Studies have demonstrated that TNT for LARC ele-
vated the pCR rate, reduced distant metastasis, and 
improved patient compliance to chemotherapy compared 

with long-course neoadjuvant CRT. A meta-analysis of 
seven studies, including randomised controlled trials or 
cohort studies, showed that TNT was associated with 
improved pCR and had a potential survival advantage 
compared with the standard CRT strategy in LARC [29]. 
The pooled prevalence of pCR was 29.9% in the TNT 
group and 14.9% in the standard CRT group.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12885‑ 023‑ 11177‑7.

Additional file 1.  

Acknowledgements
We would like to acknowledge HERINGS Inc. for their contribution to the sta‑
tistical analysis and in the development of the electronic case report form for 
data management. We would also like to thank the National Evidence‑based 
Healthcare Collaborating Agency (NECA) for their financial support.

Trial status
The TV‑LARK trial is a nationwide multicentre randomised phase III trial 
conducted in seven centres that provide multidisciplinary treatment for rectal 
cancer throughout Korea. The study opened for accrual on 1 June 2022. At 
the time of submission, all the centres were actively recruiting and treating 
patients. There were 92 patients were included in the trial on 31 May 2023.

Authors’ contributions
Authorship will be based on the Recommendations of the International Com‑
mittee of Medical Journal Editors (ICMJE, www. jcmje. org). M.J.K., D.W.L., H.C.K., 
and S.Y.J. drafted the work and revised the manuscript, M.J.K., D.W.L., H.C.K., 
J.W.P., S.W.H., E.K.C., J.H.O., and S.Y.J. made substantial contributions to the 
design of the study, and substantively revised the manuscript. All authors have 
read and approved the final manuscript. All authors have agreed to be person‑
ally accountable for the author’s own contributions and to ensure that ques‑
tions related to the accuracy or integrity of any part of the work, even those in 
which the author was not personally involved, are appropriately investigated, 
resolved, and the resolution documented in the literature.

Funding
This research was supported by a grant from the Patient‑Centered Clinical 
Research Coordinating Center (PACEN) funded by the Ministry of Health & 
Welfare, Republic of Korea (grant number: HC21C0149). No funding agency 
was involved in the design of the study or the collection, analysis, and inter‑
pretation of data. The authors are solely responsible for the content of the 
study and do not necessarily represent the viewpoint of NECA.

Availability of data and materials
The trial is registered at cris.nih.go.kr (KCT0007169).

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board (IRB) of Seoul 
National University Hospital, National Cancer Centre, Seoul Metropolitan 
Government Seoul National University Boramae Medical Centre, Keimyung 
University Dongsan Medical Centre, and Ewha Womans University Hospital 
(IRB no.: H‑2111–046‑1271, NCC2022‑0098, 30–2022‑20, DSMC2022‑01–061, 
and SEUMC2022‑01–028, repectively). Written informed consent will be 
obtained from all patients for trial participation, data acquisition, and use of 
clinical data before enrolment. This study was conducted in accordance with 
the tenets of the Declaration of Helsinki. This study will be monitored by an 
independent data and safety committee.

Consent for publication
Not applicable.

https://doi.org/10.1186/s12885-023-11177-7
https://doi.org/10.1186/s12885-023-11177-7
http://www.jcmje.org


Page 6 of 7Kim et al. BMC Cancer          (2023) 23:734 

Competing interests
There are no competing interests.

Author details
1 Department of Surgery, Seoul National University College of Medicine, 
101 Daehak‑Ro, Jongno‑Gu, Seoul 03080, Korea. 2 Cancer Research Institute, 
Seoul National University, Seoul, Korea. 3 Department of Internal Medicine, 
Seoul National University College of Medicine, Seoul, Korea. 4 Department 
of Radiation Oncology, Seoul National University College of Medicine, Seoul, 
Korea. 5 Cancer for Colorectal Cancer, National Cancer Center, Goyang, Korea. 
6 Department of Surgery, Keimyung University Dongsan Medical Center, Keim‑
yung University School of Medicine, Daegu, Korea. 7 Department of Radiation 
Oncology, Seoul Metropolitan Government Seoul National University Boramae 
Medical Center, Seoul, Korea. 8 Department of Internal Medicine, Ewha Wom‑
ans University College of Medicine, Seoul, Korea. 

Received: 2 July 2023   Accepted: 13 July 2023

References
 1. Heald RJ, Ryall RDH. Recurrence and survival after total mesorectal 

excision for rectal cancer. The Lancet. 1986;327(8496):1479–82.
 2. Bosset J‑F, Collette L, Calais G, Mineur L, Maingon P, Radosevic‑Jelic L, 

Daban A, Bardet E, Beny A, Ollier J‑C. Chemotherapy with Preoperative 
Radiotherapy in Rectal Cancer. N Engl J Med. 2006;355(11):1114–23.

 3. Folkesson J, Birgisson H, Pahlman L, Cedermark B, Glimelius B, Gun‑
narsson U. Swedish Rectal Cancer Trial: Long Lasting Benefits From 
Radiotherapy on Survival and Local Recurrence Rate. J Clin Oncol. 
2005;23(24):5644–50.

 4. Sauer R, Becker H, Hohenberger W, Rödel C, Wittekind C, Fietkau R, 
Martus P, Tschmelitsch J, Hager E, Hess CF, et al. Preoperative versus 
Postoperative Chemoradiotherapy for Rectal Cancer. New Engl J Medi‑
cine. 2004;351(17):1731–40.

 5. Kapiteijn E, Marijnen CAM, Nagtegaal ID, Putter H, Steup WH, Wiggers T, 
Rutten HJT, Pahlman L, Glimelius B, van Krieken JHJM, et al. Preopera‑
tive Radiotherapy Combined with Total Mesorectal Excision for Resect‑
able Rectal Cancer. N Engl J Med. 2001;345(9):638–46.

 6. Gérard J‑P, Conroy T, Bonnetain F, Bouché O, Chapet O, Closon‑Dejardin 
M‑T, Untereiner M, Leduc B, Francois É, Maurel J, et al. Preoperative 
Radiotherapy With or Without Concurrent Fluorouracil and Leu‑
covorin in T3–4 Rectal Cancers: Results of FFCD 9203. J Clin Oncol. 
2006;24(28):4620–5.

 7. Sauer R, Liersch T, Merkel S, Fietkau R, Hohenberger W, Hess C, 
Becker H, Raab H‑R, Villanueva M‑T, Witzigmann H, et al. Preopera‑
tive Versus Postoperative Chemoradiotherapy for Locally Advanced 
Rectal Cancer: Results of the German CAO/ARO/AIO‑94 Randomized 
Phase III Trial After a Median Follow‑Up of 11 Years. J Clin Oncol. 
2012;30(16):1926–33.

 8. Francois Y, Nemoz CJ, Baulieux J, Vignal J, Grandjean J‑P, Partensky C, 
Souquet JC, Adeleine P, Gerard J‑P. Influence of the Interval Between 
Preoperative Radiation Therapy and Surgery on Downstaging and 
on the Rate of Sphincter‑Sparing Surgery for Rectal Cancer: The Lyon 
R90–01 Randomized Trial. J Clin Oncol. 1999;17(8):2396–2396.

 9. Lefevre JH, Mineur L, Kotti S, Rullier E, Rouanet P, de Chaisemartin 
C, Meunier B, Mehrdad J, Cotte E, Desrame J, et al. Effect of Interval 
(7 or 11 weeks) Between Neoadjuvant Radiochemotherapy and 
Surgery on Complete Pathologic Response in Rectal Cancer: A 
Multicenter, Randomized, Controlled Trial (GRECCAR‑6). J Clin Oncol. 
2016;34(31):3773–80.

 10. Hong YS, Kim SY, Lee JS, Nam BH, Kim Kp, Kim JE, Park YS, Park JO, 
Baek JY, Kim TY, et al. Oxaliplatin‑Based Adjuvant Chemotherapy 
for Rectal Cancer After Preoperative Chemoradiotherapy (ADORE): 
Long‑Term Results of a Randomized Controlled Trial. J Clin Oncol. 
2019;37(33):3111–23.

 11. Påhlman L, Bohe M, Cedermark B, Dahlberg M, Lindmark G, Sjödahl R, 
Öjerskog B, Damber L, Johansson R. The Swedish rectal cancer registry. 
Br J Surg. 2007;94(10):1285–92.

 12. Sainato A, Nunzia VCL, Valentini V, Paoli AD, Maurizi ER, Lupattelli M, 
Aristei C, Vidali C, Conti M, Galardi A, et al. No benefit of adjuvant 

Fluorouracil Leucovorin chemotherapy after neoadjuvant chemora‑
diotherapy in locally advanced cancer of the rectum (LARC): Long 
term results of a randomized trial (I‑CNR‑RT). Radiother Oncol. 
2014;113(2):223–9.

 13. Bosset J‑F, Calais G, Mineur L, Maingon P, Stojanovic‑Rundic S, Bensa‑
doun R‑J, Bardet E, Beny A, Ollier J‑C, Bolla M, et al. Fluorouracil‑based 
adjuvant chemotherapy after preoperative chemoradiotherapy in 
rectal cancer: long‑term results of the EORTC 22921 randomised study. 
Lancet Oncol. 2014;15(2):184–90.

 14. Bujko K, Nowacki MP, Nasierowska‑Guttmejer A, Michalski W, Bebenek M, 
Kryj M. Long‑term results of a randomized trial comparing preoperative 
short‑course radiotherapy with preoperative conventionally fractionated 
chemoradiation for rectal cancer. Br J Surg. 2006;93(10):1215–23.

 15. Bujko K, Wyrwicz L, Rutkowski A, Malinowska M, Pietrzak L, Kryński J, 
Michalski W, Olędzki J, Kuśnierz J, Zając L, et al. Long‑course oxaliplatin‑
based preoperative chemoradiation versus 5 × 5 Gy and consolidation 
chemotherapy for cT4 or fixed cT3 rectal cancer: results of a rand‑
omized phase III study. Ann Oncol. 2016;27(5):834–42.

 16. Garcia‑Aguilar J, Chow OS, Smith DD, Marcet JE, Cataldo PA, Varma 
MG, Kumar AS, Oommen S, Coutsoftides T, Hunt SR, et al. Effect of 
adding mFOLFOX6 after neoadjuvant chemoradiation in locally 
advanced rectal cancer: a multicentre, phase 2 trial. Lancet Oncol. 
2015;16(8):957–66.

 17. Fernandez‑Martos C, Garcia‑Albeniz X, Pericay C, Maurel J, Aparicio 
J, Montagut C, Safont MJ, Salud A, Vera R, Massuti B, et al. Chemo‑
radiation, surgery and adjuvant chemotherapy versus induction 
chemotherapy followed by chemoradiation and surgery: long‑term 
results of the Spanish GCR‑3 phase II randomized trial†. Ann Oncol. 
2015;26(8):1722–8.

 18. Jin J, Tang Y, Hu C, Jiang L‑M, Jiang J, Li N, Liu W‑Y, Chen S‑L, Li S, 
Lu N‑N, et al. Multicenter, Randomized, Phase III Trial of Short‑Term 
Radiotherapy Plus Chemotherapy Versus Long‑Term Chemoradio‑
therapy in Locally Advanced Rectal Cancer (STELLAR). J Clin Oncol. 
2022;40(15):1681–92.

 19. Bahadoer RR, Dijkstra EA, Etten Bv, Marijnen CAM, Putter H, Kranenbarg 
EMK, Roodvoets AGH, Nagtegaal ID, Beets‑Tan RGH, Blomqvist LK, et al. 
Short‑course radiotherapy followed by chemotherapy before total 
mesorectal excision (TME) versus preoperative chemoradiotherapy, 
TME, and optional adjuvant chemotherapy in locally advanced rectal 
cancer (RAPIDO): a randomised, open‑label, phase 3 trial. Lancet Oncol. 
2021;22(1):29–42.

 20. Conroy T, Bosset J‑F, Etienne P‑L, Rio E, François É, Mesgouez‑Nebout 
N, Vendrely V, Artignan X, Bouché O, Gargot D, et al. Neoadjuvant 
chemotherapy with FOLFIRINOX and preoperative chemoradiotherapy 
for patients with locally advanced rectal cancer (UNICANCER‑PRODIGE 
23): a multicentre, randomised, open‑label, phase 3 trial. Lancet Oncol. 
2021;22(5):702–15.

 21. Cercek A, Roxburgh CSD, Strombom P, Smith JJ, Temple LKF, Nash 
GM, Guillem JG, Paty PB, Yaeger R, Stadler ZK, et al. Adoption of Total 
Neoadjuvant Therapy for Locally Advanced Rectal Cancer. Jama Oncol. 
2018;4(6): e180071.

 22. Garcia‑Aguilar J, Patil S, Gollub MJ, Kim JK, Yuval JB, Thompson HM, 
Verheij FS, Omer DM, Lee M, Dunne RF, et al. Organ Preservation in 
Patients With Rectal Adenocarcinoma Treated With Total Neoadjuvant 
Therapy. J Clin Oncol. 2022;40(23):2546–56.

 23. Ngan SY, Burmeister B, Fisher RJ, Solomon M, Goldstein D, Joseph D, 
Ackland SP, Schache D, McClure B, McLachlan S‑A, et al. Randomized 
Trial of Short‑Course Radiotherapy Versus Long‑Course Chemoradia‑
tion Comparing Rates of Local Recurrence in Patients With T3 Rectal 
Cancer: Trans‑Tasman Radiation Oncology Group Trial 01.04. J Clin 
Oncol. 2012;30(31):3827–33.

 24. Grothey A, Sobrero AF, Shields AF, Yoshino T, Paul J, Taieb J, Souglakos J, 
Shi Q, Kerr R, Labianca R, et al. Duration of Adjuvant Chemotherapy for 
Stage III Colon Cancer. New Engl J Medicine. 2018;378(13):1177–88.

 25. Ihn MH, Lee S‑M, Son IT, Park JT, Oh H‑K, Kim D‑W, Kang S‑B. Cul‑
tural adaptation and validation of the Korean version of the EORTC 
QLQ‑CR29 in patients with colorectal cancer. Support Care Cancer. 
2015;23(12):3493–501.

 26. Yun YH, Park YS, Lee ES, Bang SM, Heo DS, Park SY, You CH, West K. 
Validation of the Korean version of the EORTC QLQ‑C30. Qual Life Res. 
2004;13(4):863–8.



Page 7 of 7Kim et al. BMC Cancer          (2023) 23:734  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 27. Kim CW, Jeong WK, Son GM, Kim IY, Park JW, Jeong S‑Y, Park KJ, Lee 
S‑H. Validation of Korean Version of Low Anterior Resection Syndrome 
Score Questionnaire. Ann Coloproctology. 2020;36(2):83–7.

 28. NCI. USdohahsNIoH: Common Terminology Criteria for Adverse Events 
(CTCAE), v5.0: November 27, 2017. In. https:// ctep. cancer. gov/ proto 
colde velop ment/ elect ronic_ appli catio ns/ ctc. htm# ctc_ 50.

 29. Kasi A, Abbasi S, Handa S, Al‑Rajabi R, Saeed A, Baranda J, Sun W. Total 
Neoadjuvant Therapy vs Standard Therapy in Locally Advanced Rectal 
Cancer. Jama Netw Open. 2020;3(12): e2030097.

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

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_50
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_50

	Total neoadjuvant therapy with short-course radiotherapy Versus long-course neoadjuvant chemoradiotherapy in Locally Advanced Rectal cancer, Korean trial (TV-LARK trial): study protocol of a multicentre randomized controlled trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methods
	Design
	Study population
	Treatment
	Arm A: total neoadjuvant short-course radiotherapy followed by CAPOX (TNT group)
	Arm B: neoadjuvant chemoradiotherapy and adjuvant chemotherapy (standard of care group)

	Surgery: both groups
	Outcomes
	Follow up
	Quality of life and functional outcomes
	Sample size calculation and statistical analysis
	Data collection and management
	Monitoring

	Discussion
	Anchor 22
	Acknowledgements
	References


