
Abstract. Background/Aim: We aimed to compare the
clinicopathological outcomes in patients with locally
advanced rectal cancer after short- or long-course
concurrent chemoradiotherapy (CCRT) followed by delayed
surgery. Patients and Methods: The records of 94 patients
with cT3-4N0-2M0 rectal cancer who received CCRT
between 2010 and 2017 were reviewed. Short-course
radiotherapy (RT) was delivered with a median total dose of
25 Gy in five fractions (n=27), and long-course RT was
delivered with a median total dose of 50.4 Gy in 28 fractions
(n=67). The following concurrent chemotherapy regimens
were administered: 5-fluorouracil plus leucovorin in 58 and
capecitabine in 24; in 12 cases agents were unknown. The
median interval between CCRT and surgery was 8 weeks.
Adjuvant chemotherapy was administered after surgery in 80
patients (5-fluorouracil plus leucovorin, n=54; capecitabine,
n=9; other, n=14; and unknown, n=3). Propensity-score

matching analysis was conducted. Results: The median
follow-up duration was 4.3 years. There were no statistically
significant differences between the short- and long-course
RT groups in sphincter preservation (85.2% vs. 92.5%,
p=0.478), pathological complete remission (18.5% vs.
14.9%, p=0.905), downstaging (44.4% vs. 26.9%, p=0.159),
and negative circumferential resection margin (92.6% vs.
89.6%, p=0.947) rates. No differences were found in survival
outcomes between the short- and long-course groups at 3
years (overall survival: 91.8% vs. 88.1%, p=0.790; disease-
free survival, 75.2% vs. 72.5%, p=0.420; locoregional
relapse-free survival, 90.5% vs. 98.4%, p=0.180; and distant
metastasis-free survival, 79.6% vs. 73.5%, p=0.490). Similar
results were observed after PSM. Conclusion: Clinically,
short-course CCRT may be a feasible alternative to long-
course CCRT in patients with locally advanced rectal cancer.

Colorectal cancer was the fourth most common cancer and
the third leading cause of cancer-related death in South
Korea in 2019 (1). Although the incidence of colorectal
cancer has been steadily decreasing since 2012, it remains
one of the leading causes of death from cancer (1).
Approximately 40% of patients with colorectal cancer are
diagnosed with regional metastasis requiring multimodal
treatment (1).

Numerous clinical trials have examined important issues in
radiotherapy (RT) for rectal cancer, such as the timing of RT
(preoperative vs. postoperative) and surgery (immediate vs.
delayed), RT schedule (short vs. long), and concurrent
chemotherapy regimen (2-7). For locally advanced rectal cancer,
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the National Comprehensive Cancer Network guidelines
recommend long-course concurrent chemoradiotherapy (CCRT)
or short-course RT before surgical resection (8). Long-course
RT typically delivers a total dose of 45-50.4 Gy with 1.8-2
Gy per fraction, whereas short-course RT consists of 25 Gy
in five fractions (9). At the Kyung Hee University Hospital
at Gandong, both RT regimens are permitted, and
chemotherapy is also concurrently administered to patients
receiving short-course RT (i.e. short-course CCRT) to
improve pathological response (10). This is unique as
previous studies have not concurrently administered
chemotherapy with short-course RT. To offer enough time for
tumor regression, surgery is delayed, being performed 8
weeks after RT, and maintenance chemotherapy is
administered during this interval (4, 11, 12). The decision to
administer adjuvant chemotherapy is determined by
pathological findings.

We previously compared short-course and long-course
CCRT in patients with locally advanced rectal cancer. With a
2-year follow-up, sphincter preservation, pathological complete
remission (CR), downstaging rates and toxicity profiles in the
short-course group were not different from those in the long-
course group (13). Additionally, the 2-year overall survival
(OS) did not differ between the two groups (13). In this study,
we evaluated treatment outcomes after short- and long-course
CCRT followed by delayed surgery in patients with locally
advanced rectal cancer with a more extended follow-up period.
We also compared the clinicopathological aspects after
propensity-score matching (PSM).

Patients and Methods
Study population. This retrospective cohort study was approved by
the Institutional Review Board of Kyung Hee University Hospital
at Gangdong (no. KHNMC 2021-06-043). The requirement for
informed consent was waived because of the retrospective design.
This study was conducted in accordance with the principles of the
Declaration of Helsinki.

The medical records were reviewed of patients with newly
diagnosed cT3-4N0-2M0 rectal cancer, according to the eighth
edition of the American Joint Committee on Cancer TNM staging
system (14), who received preoperative CCRT between 2010 and
2017 at the Kyung Hee University Hospital at Gangdong. The
exclusion criteria were as follows: (i) Double primary cancer or a
history of other malignancies and inflammatory bowel disease; (ii)
participation in a prospective clinical trial investigating survival
outcomes of rectal cancer; (iii) did not complete RT; (iv) palliative
or no surgery for rectal cancer; and (v) no follow-up imaging work-
up after treatment completion. 

Finally, 94 patients were analyzed and divided into two groups
based on the RT regimen: There were 27 patients in the short-course
CCRT group and 67 in the long-course CCRT group. The RT
regimen was chosen based on factors such as the surgeon’s
preference and the distance between the patient’s residence and the
hospital, which was the most important factor for selecting a short-
course schedule.

Treatment. All patients received short- or long-course RT with
concurrent chemotherapy. Short-course RT consisted of 25 Gy in
five fractions delivered to the pelvis using intensity-modulated RT
(except for one patient who was treated with 22.5 Gy in five
fractions). For patients who received long-course RT, three-
dimensional conformal RT was used to administer a total dose of
50.4 Gy at 1.8 Gy per fraction: 45 Gy to the pelvis and an additional
boost of 5.4 Gy to gross tumors. However, one patient received 46.8
Gy in 26 fractions.

Preoperative RT was delivered with concurrent chemotherapy
intravenously [5-fluorouracil and leucovorin (FL), n=58] or orally
(capecitabine, n=24). Twelve patients had no information on
concurrent chemotherapy regimens because they received
chemotherapy at other hospitals and no electronic medical records
were available. Generally, the maintenance chemotherapy regimen
employed was the same as the concurrent chemotherapy regimen.
However, seven patients did not receive maintenance chemotherapy,
and five patients who received capecitabine were treated with a
different type of maintenance chemotherapy (FL, n=3 and FL with
oxaliplatin, n=2).

Delayed surgery (low anterior resection or abdominal perineal
resection) was performed at a median of 8 weeks (interquartile
range=7-9 weeks) after CCRT. Adjuvant chemotherapy with FL,
capecitabine, or other regimens was administered to 54, nine and 14
patients, respectively; 14 patients did not receive adjuvant
chemotherapy. Adjuvant treatment in three patients was unknown.

Toxicity. The following toxicities were collected from the patient’s
medical records: Hematological, skin, wound complications,
diarrhea, ileus, hematuria, and urinary frequency. Toxicities were
graded according to version 5.0 of the National Cancer Institute
Common Terminology Criteria for Adverse Events (15) and severe
toxicities were defined as those of grade 3 or more.

Statistical analysis. Baseline and toxicity data between the short-
course and long-course groups were compared using the chi-squared
test, Fisher’s exact test, or independent t-test, as appropriate. PSM
was conducted to address any imbalance in baseline characteristics
between the two groups. The propensity-score model included
clinical T/N stage, pretreatment carcinoembryonic antigen (CEA),
CCRT regimen, and the number of dissected lymph nodes. The
propensity score was estimated from a logistic regression model.
Then, one-to-two matching between the two groups was performed
using the nearest-neighbor method without caliper matching.
Kaplan-Meier curves were generated for all time-to-event endpoints
[OS, disease-free survival (DFS), locoregional relapse-free survival
(LRRFS), and distant metastasis-free survival (DMFS)], with time
zero defined as the day of surgery. The log-rank test was used to
compare differences in the survival curves. All statistical analyses
were performed using R version 4.1.2 (https://www.r-project.org/),
with p<0.05 considered statistically significant for two-sided tests.

Results

The median follow-up duration was 4.3 years (interquartile
range=1.8-5.0 years). Baseline patient characteristics for the
short- and long-course groups before and after PSM are
summarized in Table I. There were no significant differences
between the two groups in age at diagnosis, clinical T/N
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stage, or distance of the lesion from the anal verge. However,
the pretreatment CEA level in the long-course CCRT group
was significantly higher than that in the short-course group
(median: 4.00 vs. 3.21 ng/ml, p=0.049). Regarding
concurrent chemotherapeutic regimens, more patients in the
short-course group than in the long-course group were
treated with FL (92.3% vs. 60.7%, p=0.003). Other treatment
modalities, including surgery and adjuvant chemotherapy,
were not different between the two groups. After PSM, 20
patients in the short-course CCRT group were successfully
matched with 40 patients in the long-course CCRT group
(Table I).

In both groups, CEA levels decreased after RT and surgery
(Table II). Although the CEA level before treatment was
higher in the long-course group, there was no difference in
CEA levels between the two groups after treatment.
Pathological CR was observed in five (18.5%) patients in the
short-course group and 10 (14.9%) patients in the long-
course group, and there was no statistical difference. Twelve
(44.4%) and 18 (26.9%) patients receiving short- and long-
course CCRT, respectively, achieved downstaging (ypT0-
2N0) (p=0.159). There were more patients with ypT0-2
disease in the short-course CCRT group than in the long-
course CCRT group, albeit with marginal significance [14

(51.9%) vs. 20 (29.9%); p=0.076]. However, the number of
patients with ypN0 disease was not different between the two
groups [19 (70.4%) vs. 41 (61.2%); p=0.548]. In the initial
work-up imaging, 11 (42.3%) patients in the short-course
group and 20 (43.5%) in the long-course group had
mesorectal fascia involvement, but the proportions of
patients with positive circumferential resection margins in
final surgical pathology were similar for the groups [2
(7.4%) in the short-course group vs. 7 (10.4%) in the long-
course group; p=0.947]. The differences in treatment
response after PSM were consistent with those before PSM
(Table II).

The Kaplan-Meier survival curves are shown in Figure 1
(before PSM) and Figure 2 (after PSM). In the entire cohort
(Figure 1), the OS rates at 3 years were 91.8% and 88.1% in
the short-course and long-course groups, respectively
(p=0.790). The 3-year DFS, LRRFS, and DMFS rates in the
short-course group were 75.2%, 90.5%, and 79.6%,
respectively, whereas those in the long-course group were
72.5%, 98.4%, and 73.5%, respectively (p=0.420, 0.180, and
0.490, respectively). In the matched cohort (Figure 2), the 3-
year OS, DFS, LRRFS, and DMFS rates in the short-course
group were 94.4%, 76.4%, 93.3%, and 76.4%, respectively,
and those in the long-course group were 92.3%, 74.4%,

Kim et al: Preoperative Short-course CCRT in Rectal Cancer

2770

Table I. Baseline characteristics before and after propensity-score matching (PSM).

Before PSM After PSM

                                    Short-course Long-course p-Value Short-course Long-course p-Value
Characteristic             (n=27) (n=67) (n=20) (n=40)

Age, years                   Median (IQR) 60 (55-69.5) 61 (54-68.5)         0.963 59 (55-68.5) 63 (57-72)           0.284
Sex, n (%)                   Male 17 (63.0) 48 (71.6)            0.564 14 (70.0) 28 (70.0)          >0.99
                                    Female 10 (37.0) 19 (28.4)              6 (30.0) 12 (30.0)              
cT stage, n (%)            cT3 20 (74.1) 59 (88.1)            0.173 15 (75.0) 35 (87.5)            0.391
                                    cT4 7 (25.9) 8 (11.9)               5 (25.0) 5 (12.5)               
cN stage, n (%)           cN0 7 (25.9) 13 (19.4)            0.674 6 (30.0) 12 (30.0)          >0.99
                                    cN+ 20 (74.1) 54 (80.6)              14 (70.0) 28 (70.0)              
Distance from             Median (IQR) 5.0 (2.0-6.5) 5.0 (4.0-6.8)         0.494 5.0 (2.0-6.0) 5.0 (3.5-6.0)          0.821
anal vergea, cm

Pretreatment               Median (IQR) 3.21 (1.24-30.48) 4.00 (2.31-8.52)      0.049 2.05 (1.16-4.13) 4.01 (2.84-7.78)      0.903
CEAa, ng/ml

Concurrent                  FL 24 (92.3) 34 (60.7)            0.003 19 (100.0) 31 (100.0)             –
chemotherapy            Capecitabine 2 (7.7) 22 (39.3)              0 (0) 0 (0)
regimena, n (%)         

Surgery, n (%)             Low anterior resection 23 (85.2) 62 (92.5)            0.478 17 (85.0) 36 (90.0)            0.887
                                    Abdominal perineal 4 (14.8) 5 (7.5)                3 (15.0) 4 (10.0)               
                                    resection
Dissected lymph         Median (IQR) 19 (15-24) 21 (16-29)           0.852 19 (15-25) 25 (20-31)           0.364
nodesa

Adjuvant                     None 3 (11.5) 11 (16.9)            0.521 3 (15.8) 10 (25.6)            0.852
chemotherapy            FL 19 (73.1) 35 (53.8)              14 (73.7) 25 (64.1)              
regimena, n (%)         Capecitabine 1 (3.8) 8 (12.3)               1 (5.3) 1 (2.6)                
                                    Other 3 (11.5) 11 (16.9)              1 (5.3) 3 (7.7)                

CEA: Carcinoembryonic antigen; FL: 5-fluorouracil+leucovorin; IQR: interquartile range. aAvailable data only.



100%, and 76.5%, respectively; there were no significant
differences in survival between the groups.

In terms of toxicity profiles (grade ≥3), the most common
problem was wound complications confined to surgical scars
or anastomosis sites, experienced by six patients (22.2%) in
the short-course group and eight patients (11.9%) in the
long-course group (Table III). However, toxicity profiles did
not differ according to the duration of CCRT. There were no
grade 5 toxicities in our study population.

Discussion

Our study compared the outcomes of short-course and long-
course CCRT in patients with locally advanced rectal cancer.
With regard to pathological treatment responses and survival
outcomes, there were no statistically significant differences
between the short-course and long-course groups considering
the entire cohort or after PSM. The most common toxicity
was wound toxicity, but there were no significant differences
in toxicity profiles between the two groups.

In our study, the pathological CR rate of short-course
CCRT was 18.5%, which was lower than that (28.4%) of
short-course RT in the Rectal cancer And Preoperative
Induction therapy followed by Dedicated Operation
(RAPIDO) trial (5). RAPIDO was a very recently published
randomized phase III trial comparing short-course RT (25
Gy/5 fractions) followed by chemotherapy and surgery
(experimental group) with long-course CCRT (50.4 Gy/28
fractions or 50 Gy/25 fractions) with oral capecitabine
followed by surgery with/without adjuvant chemotherapy
(standard of care group) (5). This regimen differs from our
hospital’s regimen in not administering concurrent

chemotherapy during short-course RT. However, we assumed
that the higher pathological CR rate in the RAPIDO trial was
due to a longer period between RT and surgical resection.
While this interval at our hospital was 8 weeks, the RAPIDO
trial had a period exceeding 20 weeks (5). Both studies
performed surgery 8 weeks after long-course CCRT, and the
similarity in pathological CR rates of 14% further supports
this explanation. Conversely, the fact that the RAPIDO trial
did not administer additional chemotherapy between long-
course CCRT and surgery may emphasize that the interval
between RT and surgery is more critical than the
administration of additional chemotherapy for achieving
pathological CR.

Notably, downstaging was more frequently observed in
patients who underwent short-course CCRT than in those
who underwent long-course CCRT, even though the
difference was not statistically significant. In particular, the
proportion of patients with ypT0-2 disease was higher in the
short-course group (51.9%) than in the long-course group
(29.9%). The short-course group in our study had similar
proportions of patients with ypT0-2 disease as the short-
course group in the RAPIDO trial, whereas our long-course
group had a lower proportion of patients with ypT-02 disease
than in the RAPIDO trial (29.9% vs. 46.0%) (5). We
observed a lower rate of pathological CR in our patients who
received short-course CCRT but a higher rate of downstaging
of T-stage, indicating that short-course CCRT is more
effective in downstaging of primary lesions.

In South Korea, the proportion of patients with rectal
cancer who receive RT is increasing (16). It is uncertain what
proportion of patients receive preoperative RT, but there is
no doubt that the number of patients with stage II/III rectal
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Table II. Treatment response before and after propensity-score matching (PSM).

Before PSM After PSM

                                    Short-course Long-course p-Value Short-course Long-course p-Value
Characteristic             (n=27) (n=67) (n=20) (n=40)

Median CEAa            After radiotherapy 2.22 (1.38-4.56) 2.19 (1.71-5.22)      0.167 1.77 (1.16-2.93) 4.58 (1.97-6.05)      0.581
(IQR), ng/ml              After surgery 1.40 (0.60-3.11) 1.70 (1.12-3.29)      0.404 0.85 (0.50-2.70) 2.70 (1.64-4.00)      0.656

Complete                    No 22 (81.5) 51 (85.1)            0.905 15 (75.0) 34 (85.0)            0.555
remission, n (%)        Yes 5 (18.5) 10 (14.9)              5 (25.0) 6 (15.0)               

Downstagingb,            No 15 (55.6) 49 (73.1)            0.159 10 (50.0) 26 (65.0)            0.402
n (%)                          Yes 12 (44.4) 18 (26.9)              10 (50.0) 14 (35.0)              

Mesorectal fascia       No 15 (57.7) 26 (56.5)          >0.99 11 (57.9) 11 (55.0)          >0.99
involvementa,c,          Yes 11 (42.3) 20 (43.5)              8 (42.1) 9 (45.0)               
n (%)

Circumferential          Negative 25 (92.6) 60 (89.6)            0.947 19 (95.0) 36 (90.0)            0.869
resection margin,      Positive 2 (7.4) 7 (10.4)               1 (5.0) 4 (10.0)               
n (%)

CEA: Carcinoembryonic antigen; FL: 5-fluorouracil+leucovorin; IQR: interquartile range. aAvailable data only. bDescribed as ypT0-2N0. cIn work-
up imaging. 



cancer who are eligible for preoperative RT is also
increasing. In the unique situation of South Korea, where the
vast majority of medical expenses for patients with cancer
are covered by National Health Insurance, the increase in the
number of patients is linked to an increase in socioeconomic
burden (17). In this regard, implementing long-course RT in
patients with rectal cancer might result in significant social
medical expenses. Additionally, long-course RT is an
important issue even in developing countries with limited
resources and can result in long waiting times for patients
due to the lengthy treatment period (18).

The Coronavirus Disease 2019 pandemic has greatly
changed hospital utilization, especially of emergency

departments (19). Efforts to reduce unnecessary hospital
stays have been made. However, for patients with cancer,
delaying treatment can affect survival outcomes; therefore,
visits to cancer care institutions during the pandemic were
necessary (20). Rectal cancer is a type of cancer in which the
risk of complications increases with chemotherapy and RT
delays (20). Hence, short-course treatments were useful
during the pandemic. A shorter treatment course can improve
access to hospitals and reduce the hospital burden while still
offering patients necessary treatment.

Although our findings provide valuable insights into the
treatment of patients with locally advanced rectal cancer,
some limitations should be considered. Firstly, this study was
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Figure 1. Kaplan-Meier curves of overall (A), disease-free (B), locoregional relapse-free (C) and distant metastasis-free (D) survival before
propensity-score matching.



a retrospective cohort review, which has inherent flaws such
as patient selection bias. Secondly, although we included
more patients in the short-course group and extended the
follow-up duration compared to our previous report (13), the
number of patients was still small. Finally, various
chemotherapy regimens were applied to the patients, and
information on chemotherapy was not available for some of
them. Although we attempted to adjust for this using PSM,
it cannot be completely ruled out that this may have
influenced the results.

Currently, a phase II randomized controlled trial, total
neoadjuvant therapy with short-course radiotherapy versus
long-course neoadjuvant chemoradiotherapy in locally
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Figure 2. Kaplan-Meier curves of overall (A), disease-free (B), locoregional relapse-free (C) and distant metastasis-free (D) survival after propensity-
score matching.

Table III. Toxicity profiles of the entire cohort.

Frequency, n (%)

Grade ≥3 toxicity Short-course Long-course p-Value
(n=27) (n=67)

Hematological 3 (11.1) 3 (4.5) 0.469
Skin 0 (0) 1 (1.5) >0.99
Wound complicationsa 6 (22.2) 8 (11.9) 0.344
Diarrhea 1 (3.7) 3 (4.5) >0.99
Ileus 2 (7.4) 3 (4.5) 0.948
Hematuria 0 (0) 0 (0) –
Urinary frequency 0 (0) 0 (0) –

aProblems confined to surgical scars or anastomosis sites.



advanced rectal cancer, Korean trial (TV-LARK) has been
initiated. The trial aims to enroll 348 patients who will be
randomly assigned into two treatment arms. Patients in the
standard treatment arm will receive preoperative CCRT for 5
weeks (50.4 Gy in 28 fractions) with capecitabine, followed
by delayed surgery and adjuvant chemotherapy. In the
experimental arm, patients will be treated with short-course
RT (25 Gy in five fractions) and four subsequent cycles of
capecitabine plus oxaliplatin for 12 weeks. Surgical resection
will be performed within 1-2 weeks after completion of
chemotherapy, and adjuvant chemotherapy will be
administered based on the postoperative stage. The primary
endpoint of TV-LARK is the pathological CR rate, and the
results of the study will give further guidance for the standard
treatment of stage II/III rectal cancer in South Korea.

In conclusion, the results of the present study suggest that
short-course CCRT combined with delayed surgery can be
considered as an alternative treatment option for locally
advanced rectal cancer, with comparable survival outcomes
and toxicity profiles to those of long-course CCRT.
Furthermore, cost-effectiveness studies on short-course
CCRT should be considered.

Conflict of Interest
The Authors declare that they have no conflicts of interest.

Authors’ Contributions
Conceptualization: WKC. Supervision: WKC. Data curation: JSK,
MJC, DYL, SHL, S: KJ, BEY, CSC, and WKC. Methodology: JSK.
Formal analysis and visualization: JSK. Writing: original draft: JSK.
Writing: review and editing: JSK, MJC, DYL, SHL, S: KJ, BEY,
CSC, and WKC. All Authors have read and agreed to the published
version of the article.

Acknowledgements
This work was supported by the Soonchunhyang University
Research Fund to Jae Sik Kim.

References
1 Kang MJ, Won YJ, Lee JJ, Jung KW, Kim HJ, Kong HJ, Im JS,

Seo HG, Community of Population-Based Regional Cancer
Registries: Cancer statistics in Korea: Incidence, mortality,
survival, and prevalence in 2019. Cancer Res Treat 54(2): 330-
344, 2022. DOI: 10.4143/crt.2022.128

2 Sebag-Montefiore D, Stephens RJ, Steele R, Monson J, Grieve
R, Khanna S, Quirke P, Couture J, de Metz C, Myint AS, Bessell
E, Griffiths G, Thompson LC, Parmar M: Preoperative
radiotherapy versus selective postoperative chemoradiotherapy
in patients with rectal cancer (MRC CR07 and NCIC-CTG
C016): a multicentre, randomised trial. Lancet 373(9666): 811-
820, 2009. DOI: 10.1016/S0140-6736(09)60484-0

3 Erlandsson J, Holm T, Pettersson D, Berglund Ã, Cedermark B,
Radu C, Johansson H, Machado M, Hjern F, Hallböök O, Syk I,
Glimelius B, Martling A: Optimal fractionation of preoperative
radiotherapy and timing to surgery for rectal cancer (Stockholm
III): a multicentre, randomised, non-blinded, phase 3, non-
inferiority trial. Lancet Oncol 18(3): 336-346, 2017. DOI:
10.1016/S1470-2045(17)30086-4

4 Bujko K, Wyrwicz L, Rutkowski A, Malinowska M, Pietrzak L,
Kryński J, Michalski W, Olędzki J, Kuśnierz J, Zając L,
Bednarczyk M, Szczepkowski M, Tarnowski W, Kosakowska E,
Zwoliński J, Winiarek M, Wiśniowska K, Partycki M,
Bęczkowska K, Polkowski W, Styliński R, Wierzbicki R, Bury
P, Jankiewicz M, Paprota K, Lewicka M, Ciseł B, Skórzewska
M, Mielko J, Bębenek M, Maciejczyk A, Kapturkiewicz B,
Dybko A, Hajac Å, Wojnar A, Leśniak T, Zygulska J, Jantner D,
Chudyba E, Zegarski W, Las-Jankowska M, Jankowski M,
Kołodziejski L, Radkowski A, Żelazowska-Omiotek U,
Czeremszyńska B, Kępka L, Kolb-Sielecki J, Toczko Z,
Fedorowicz Z, Dziki A, Danek A, Nawrocki G, Sopyło R,
Markiewicz W, Kędzierawski P, Wydmański J, Albiński J, Banaś
R, Chmielowska E, Bal W, Baszczyk-Mnich J, Bialas M,
Borowiec T, Bujko M, Cencelewicz A, Chomik K, Chwaliński
M, Ciepela I, Dupla D, Florek A, Górnicki A, Jeziorski K,
Józwicki W, Kobiela J, Koda M, Kołodziej P, Kruszewski P,
Kryj M, Kuciel-Lisiecka G, Kwiatkowski R, Lachowski A,
Liszka-Dalecki P, Majewski A, Majewski W, Majsak T, Maka D,
Malka M, Mazurkiewicz A, Morawiec J, Nogal E, Olejniczak
M, Olkowski D, Ostrowska-Cichocka K, Pietruszka M,
Piotrkowski G, Plewicka M, Porzuczek-Zuziak D, Reszke J,
Rychter A, Sadowski J, Salata A, Serkies K, Srutek E, Szóstak
B, Tuziak T, Tyralik D, Skoczylas J, Wachua E, Wandzel P,
Winkler-Spytkowska B, Wojtasik P, Wroński K, Zemal M,
Zygulski I: Long-course oxaliplatin-based preoperative
chemoradiation versus 5×5 Gy and consolidation chemotherapy
for cT4 or fixed cT3 rectal cancer: results of a randomized phase
III study. Ann Oncol 27(5): 834-842, 2016. DOI: 10.1093/
annonc/mdw062

5 Bahadoer RR, Dijkstra EA, Van Etten B, Marijnen CAM, Putter
H, Kranenbarg EM, Roodvoets AGH, Nagtegaal ID, Beets-Tan
RGH, Blomqvist LK, Fokstuen T, Ten Tije AJ, Capdevila J,
Hendriks MP, Edhemovic I, Cervantes A, Nilsson PJ, Glimelius
B, Van De Velde CJH, Hospers GAP, Østergaard L, Svendsen
Jensen F, Pfeiffer P, Jensen K, Hendriks M, Schreurs W, Knol
H, Van Der Vliet J, Tuynman J, Bruynzeel A, Kerver E, Festen
S, Van Leerdam M, Beets G, Dewit L, Punt C, Tanis P, Geijsen
E, Nieboer P, Bleeker W, Ten Tije A, Crolla R, Van De
Luijtgaarden A, Dekker J, Immink J, Jeurissen F, Marinelli A,
Ceha H, Stam T, Quarles An Ufford P, Steup W, Imholz A,
Bosker R, Bekker J, Creemers G, Nieuwenhuijzen G, Van Den
Berg H, Van Der Deure W, Schmitz R, Van Rooijen J, Olieman
A, Van Den Bergh A, De Groot D, Havenga K, Beukema J, De
Boer J, Veldman P, Siemerink E, Vanstiphout J, De Valk B,
Eijsbouts Q, Polée M, Hoff C, Slot A, Kapiteijn H, Peeters K,
Peters F, Nijenhuis P, Radema S, De Wilt H, Braam P, Veldhuis
G, Hess D, Rozema T, Reerink O, Ten Bokkel Huinink D, Pronk
A, Vos J, Tascilar M, Patijn G, Kersten C, Mjåland O, Grønlie
Guren M, Nesbakken A, Benedik J, Edhemovic I, Velenik V,
Capdevila J, Espin E, Salazar R, Biondo S, Pachón V, Die Trill
J, Aparicio J, Garcia Granero E, Safont M, Bernal J, Cervantes
A, Espí Macías A, Malmberg L, Svaninger G, Hörberg H, Dafnis

Kim et al: Preoperative Short-course CCRT in Rectal Cancer

2774



G, Berglund A, Österlund L, Kovacs K, Hol J, Ottosson S,
Carlsson G, Bratthäll C, Assarsson J, Lödén B, Hede P, Verbiené
I, Hallböök O, Johnsson A, Lydrup M, Villmann K, Matthiessen
P, Svensson J, Haux J, Skullman S, Fokstuen T, Holm T, Flygare
P, Walldén M, Lindh B, Lundberg O, Radu C, Påhlman L,
Piwowar A, Smedh K, Palenius U, Jangmalm S, Parinkh P, Kim
H, Silviera M: 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 22(1): 29-
42, 2021. DOI: 10.1016/S1470-2045(20)30555-6

6 Jung M, Shin SJ, Koom WS, Jung I, Keum KC, Hur H, Min BS,
Baik SH, Kim NK, Kim H, Lim JS, Hong SP, Kim TI, Roh JK,
Park YS, Ahn JB: A randomized Phase 2 study of neoadjuvant
chemoradiaton therapy with 5-fluorouracil/leucovorin or
irinotecan/S-1 in patients with locally advanced rectal cancer. Int
J Radiat Oncol 93(5): 1015-1022, 2015. DOI: 10.1016/j.ijrobp.
2015.08.037

7 Fernandez-Martos C, Garcia-Albeniz X, Pericay C, Maurel J,
Aparicio J, Montagut C, Safont M, Salud A, Vera R, Massuti B,
Escudero P, Alonso V, Bosch C, Martin M, Minsky B:
Chemoradiation, 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 26(8): 1722-1728, 2015. DOI:
10.1093/annonc/mdv223

8 National Comprehensive Cancer Network: Rectal Cancer version
4.2022. Available at: https://www.nccn.org/professionals/
physician_gls/pdf/rectal.pdf [Last accessed on January 21, 2023]

9 Cambray M, Gonzalez-Viguera J, Berenguer MA, Macià M,
Losa F, Soler G, Frago R, Castellví J, Guinó E: Short-course
radiotherapy in locally advanced rectal cancer. Clin Transl
Gastroenterol 11(6): e00162, 2020. DOI: 10.14309/ctg.
0000000000000162

10 Gérard J, Conroy T, Bonnetain F, Bouché O, Chapet O, Closon-
Dejardin M, Untereiner M, Leduc B, Francois Ã, Maurel J, Seitz
J, Buecher B, Mackiewicz R, Ducreux M, Bedenne L:
Preoperative radiotherapy with or without concurrent
fluorouracil and leucovorin in T3-4 rectal cancers: Results of
FFCD 9203. J Clin Oncol 24(28): 4620-4625, 2006. DOI:
10.1200/JCO.2006.06.7629

11 Francois Y, Nemoz CJ, Baulieux J, Vignal J, Grandjean J,
Partensky C, Souquet JC, Adeleine P, Gerard J: 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
17(8): 2396-2396, 1999. DOI: 10.1200/JCO.1999.17.8.2396

12 Latkauskas T, Pauzas H, Gineikiene I, Janciauskiene R,
Juozaityte E, Saladzinskas Z, Tamelis A, Pavalkis D: Initial
results of a randomized controlled trial comparing clinical and
pathological downstaging of rectal cancer after preoperative
short-course radiotherapy or long-term chemoradiotherapy, both
with delayed surgery. Color Dis 14(3): 294-298, 2012. DOI:
10.1111/j.1463-1318.2011.02815.x

13 Chung MJ, Kim DW, Chung WK, Lee SH, Jeong SK, Hwang
JK, Jeong CS: Preoperative short- vs. long-course
chemoradiotherapy with delayed surgery for locally advanced
rectal cancer. Oncotarget 8(36): 60479-60486, 2016. DOI:
10.18632/oncotarget.10280

14 Amin MB, Edge SB, Greene FL, Byrd DR, Brookland RK,
Washington MK, Gershenwald JE, Compton CC, Hess KR,
Sullivan DC, Jessup JM, Brierley JD, Gaspar LE, Schilsky RL,
Balch CM, Winchester DP, Asare EA, Madera M, Gress DM and
Meyer LR (eds.): AJCC Cancer Staging Manual. Eighth Edition.
New York, Springer International Publishing, 2017.

15 National Cancer Institute: Common Terminology Criteria for
Adverse Events (CTCAE) v5.0. Available at: https://ctep.cancer.
gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_50
[Last accessed on January 21, 2023]

16 Kim E, Jang WI, Yang K, Kim MS, Yoo HJ, Paik EK, Kim H,
Yoon J: Clinical utilization of radiation therapy in Korea
between 2017 and 2019. Radiat Oncol J 40(4): 251-259, 2022.
DOI: 10.3857/roj.2022.00500

17 Kim YA, Lee YR, Park J, Oh IH, Kim H, Yoon SJ, Park K:
Socioeconomic Burden of Cancer in Korea from 2011 to 2015.
Cancer Res Treat 52(3): 896-906, 2020. DOI: 10.4143/crt.
2019.398

18 Aghili M, Khalili N, Khalili N, Babaei M, Farhan F, Haddad P,
Salarvand S, Keshvari A, Fazeli MS, Mohammadi N, Ghalehtaki
R: Short-course versus long-course neoadjuvant
chemoradiotherapy in patients with rectal cancer: preliminary
results of a randomized controlled trial. Radiat Oncol J 38(2):
119-128, 2020. DOI: 10.3857/roj.2020.00115

19 Yoo SH, Sim JA, Shin J, Keam B, Park JB, Shin A: The impact
of COVID-19 on cancer care in a tertiary hospital in Korea:
possible collateral damage to emergency care. Epidemiol Health
44: e2022044, 2022. DOI: 10.4178/epih.e2022044

20 Al-Quteimat OM, Amer AM: The impact of the COVID-19
pandemic on cancer patients. Am J Clin Oncol 43(6): 452-455,
2020. DOI: 10.1097/COC.0000000000000712

Received July 2, 2023
Revised August 4, 2023

Accepted August 7, 2023

in vivo 37: 2768-2775 (2023)

2775


