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Omission of neoadjuvant radiotherapy for clinical T2/N1
and T3NO/1 middle and low rectal cancers with safe
circumferential resection margins

Kyung-Ha Lee, Jin-Soo Kim, Ji-Yeon Kim

Department of Surgery, Chungnam National University Hospital, Daejeon, Korea

Purpose: For moderately advanced rectal cancers with safe circumferential margins, the oncologic benefit of neoadjuvant
radiotherapy must be reconsidered because of the possibility of overtreatment, resulting in complications from
radiotoxicity. To evaluate the oncologic safety of the omission of neoadjuvant radiotherapy for moderately advanced
rectal cancers, we evaluated and compared the prognoses of patients who underwent radical resection with and without
neoadjuvant radiotherapy for T2/N1 and T3NO/1 middle and low rectal cancers with safe circumferential resection
margins.

Methods: We retrospectively enrolled 66 patients who underwent radical resection for clinical (c) T2N1 and T3NO/1 middle
and low rectal cancers between 2008 and 2014. Patients with distant metastasis; cT4, cN2, or positive lateral pelvic lymph
nodes; positive circumferential resection margin; signet-ring cell carcinoma; cT1/2N0; or those who had received adjuvant
radiotherapy were excluded. The clinical and pathological characteristics and 5-year oncologic outcomes of the no-
radiotherapy (n = 34) and radiotherapy (n = 32) groups were compared.

Results: The rates of abdominoperineal resection and ileostomies and the proportion of patients who received adjuvant
chemotherapy were significantly higher in the radiotherapy group. There were no significant differences in tumor location,
clinical stage, surgery type, pathologic N stage, anastomotic leakage, or long-term oncologic outcomes including 5-year
disease-free survival, overall survival, and local recurrence and distant metastasis rates between both groups.
Conclusion: The oncologic benefit of neoadjuvant radiotherapy for cT2/N1 and T3N0O/1 middle and low rectal cancers with
safe circumferential resection margins is considered unclear, and it can be omitted to prevent radiotoxicity and facilitate
prompt essential treatment.

[Ann Surg Treat Res 2022;102(5):281-288]
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INTRODUCTION

Neoadjuvant chemoradiotherapy followed by surgery is the
current standard therapeutic strategy for locally advanced
(defined as clinical stage of T3 or above, or node-positive)
middle or low rectal cancer based on its superiority for local

control [1-3].

However, due to radiotoxicity, neoadjuvant radiotherapy
(RT) can increase the rate of anastomotic failure and the
necessity of stoma and sometimes stoma may be maintained
permanently. Keeping a stoma and its closure may also result
in complications. RT can affect defecation [4], urinary or

Received February 22,2022, Revised March 23, 2022,
Accepted March 29, 2022

Corresponding Author: Kyung-Ha Lee

Department of Surgery, Chungnam National University Hospital, 282
Munwha-ro, Jung-gu, Daejeon 35015, Korea

Tel: +82-42-280-7175, Fax: +82-42-257-8024

E-mail: lllilkh@cnuh.cokr

ORCID: https://orcid.org/0000-0002-0035-9000

+The abstract of this study has been presented as a virtual ePoster at the
2020 American Society of Colon and Rectal Surgeons (ASCRS) Annual
Scientific Meeting held from June 6 to 10,2020 in Boston, USA.

Copyright © 2022, the Korean Surgical Society

(€9 Annals of Surgical Treatment and Research is an Open Access Journal. All
articles are distributed under the terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Annals of Surgical Treatment and Research 281



282

Annals of Surgical Treatment and Research 2022;102(5):281-288

sexual function [5] especially in the proctectomy state, which
can disturb the quality of life of patients significantly and
sometimes irreversibly. In addition, because long-course RT
requires a long therapeutic duration of more than 14 weeks
including the resting period, radical resection and adjuvant
treatment are delayed and patients can feel anxious about this.

For rectal cancers threatening or including the circumferential
margin or invading adjacent organs, neoadjuvant RT is
necessary for successful RO resection and better local control.
For locally advanced rectal cancers with extensive lymph node
metastases or extramural venous invasion which require not
only local control but also systemic control, total neoadjuvant
treatment (TNT) can be considered [6].

However, for moderately advanced cancers, such as clinical
T2N1 or T3N0/1, which has safe circumferential resection
margins (Fig. 1), the oncologic benefit of neoadjuvant RT needs
to be reconsidered because it may not outweigh its surgical,
functional, and oncological harmful effects. Considering the
improvement and standardization of total mesorectal excision
(TME) via technical development and worldwide education,
some rectal cancers that required RT in the past may need
only resection for local control. Additionally, clinically over-
staged cancers that are not indicated based on pathologic
staging can be overtreated [7]. Therefore, the conventional
indication for neoadjuvant chemoradiotherapy (NCRT) needs
to be reestablished to exclude patients who do not require
neoadjuvant RT and prevent unnecessary complications.

To evaluate the oncologic safety of the omission of NCRT for
moderately advanced rectal cancers, we evaluated and compared
the prognoses of patients who underwent radical resection with
and without NCRT for T2/N1 and T3N0/1 middle and low rectal
cancers with safe circumferential resection margins.

METHODS

The approval for this retrospective study protocol was
obtained from the Institutional Review Board of Chungnam
National University Hospital (No. 2021-10-034). The requirement

Fig. 1. The MRIs of rectal cancer. (A) Rectal cancer with
T2NT1. (B) Rectal cancer with T3NO/1 with safe circumferential
resection margin.

for informed consent was waived because of the retrospective
nature of the study.

Patients
The electronic medical records of patients who underwent

radical surgery for rectal cancer between 2008 and 2014
were retrospectively evaluated. The inclusion criteria were as
follows: middle or lower rectal cancer; diagnosis of clinical
T2N1 or T3N0/1 based on the initial imaging study including
abdominopelvic CT, rectal MRI, or PET; radical low anterior
resection, intersphincteric resection, abdominoperineal
resection; and successful RO resection. The exclusion criteria
were tumors threatening or including the circumferential
resection margin or invading adjacent organs; clinical N2
stage or positive lateral pelvic lymph node; distant metastasis;
clinical T1/2NO stage; histologically signet-ring cell carcinoma;
and adjuvant RT. Thirty-four and 32 patients were enrolled in
the no-RT group and the RT group, respectively.

Treatment and grouping according to the

treatment
The initial diagnosis and clinical staging were based on

the findings of colonoscopy with biopsy, abdominopelvic CT,
chest CT, transrectal ultrasonography, and rectal MRI Clinical
staging was performed by gastrointestinal radiologists based
on a 2016 consensus recommendation from the Korean Society
of Abdominal Radiology [8]. If there was a discontinuity
in the muscularis propria with extension of the tumor in
the mesorectum, or suspicious of lymph node metastasis
according to size (>8 mm of short-axis diameter or >10 mm
of maximal diameter) and morphological features (including
margin irregularity, heterogeneity of nodal texture, and shape),
the patient was initially informed of NCRT as the standard
guideline for locally advanced rectal cancer.

If the patient agreed, conventional chemoradiotherapy was
performed. RT was delivered to the whole pelvic region by
using a 3-field approach at a daily dose of 1.8 grays (Gy) in 25
fractions, followed by a boost of 5.4 Gy in 3 fractions, 5 days a
week, for 6 weeks, with a total dose of 54 Gy. Oral capecitabine
as a radiosensitizer was administered at a dose of 825 mg/m’
twice daily for 6 weeks along with RT. After at least 8 weeks
from the end of NCRT, radical resection with total or tumor-
specific mesorectal excision was performed.

However, when the patients refused neoadjuvant therapy
for any reason as underlying medical condition (total of 9
including chronic kidney disease [n = 2], dementia [n = 2],
cerebral infarction [n = 1], disability due to previous traffic
accident [n = 1], previous pelvic irradiation for cervical cancer
[n = 1], continuous rectal cancer bleeding [n = 1], and combined
advanced gastric cancer [n = 1]) and personal situation (total of
25 including poor access or difficult daily-visit to the hospital,
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or preference for immediate surgery), upfront radical resection
was performed if the surgeon also considered it feasible. A
temporary ileostomy was created based on considerations of
the individual risk factors for anastomotic leakage in both the
no-RT group and the RT group. The administration of adjuvant
chemotherapy with FOLFOX (fluorouracil, folinic acid, and
oxaliplatin) or oral capecitabine was based on the pathologic
stage and the conditions of the patients in both groups.

Surveillance and treatment for recurrence
After the end of adjuvant treatment, regular surveillance with

CEA, abdominopelvic CT, and plain chest radiography or chest
CT were performed every 4 months for 2 years and every 6
months after 2 years. If recurrence was suspected during regular
surveillance, further personalized evaluation, such as PET or
MRI for the corresponding site, or surgical or percutaneous
biopsy, was performed for confirmation. Personalized treatment

Table 1. Clinical and pathologic characteristics of no-RT and RT group (n = 66)

Characteristic No-RT group RT group P-value

No. of patients 34 32

Sex 0.03
Male 19 (55.9 26 (81.2
Female 15 (44.1 6 (18

Age (yr) 0.03
<75 10 (29.4 18 (56.2)
>75 (70.6) (43.8

Tumor location (cm) 0.09
<4 12 (35.3) 18 (56.2
4-8 22 (64.7) 14 (43.8

Clinical T stage 0.54
2 4(11.8) 3(9.4)
3 30 (88.2) 29 (90.6)

Clinical N stage 0.98
0 19 (55.9) 18 (56.2)
1 15 (44.1) 14 (43.8)

Operation type 0.02
Sphincter saving surgery 34 (100) 27 (84.4)
Abdominoperineal resection 0(0) 5(15.6)

Creation of ileostomy (n = 61) (n=27) 0.01
No 18 (52.9) 5(18.5)
Yes 16 (47.1 22 (81.5)

Pathologic T stage <0.01
0 0(0) 8(25.0)
1 0 (0) 13.1)
2 12 (35.3) 13 (40.6)
3 22 (66.7) 10 (31.2)

Pathologic N stage 0.12
0 25(73.5) 29 (90.6)
1 7 (20.6) 2(6.3)
2 2(5.9) 1@3.1)

Anastomotic leakage (n = 61) (n=27) 0.53
No 31(91.2) 25(92.6)
Yes 3(8.8) 2(7.4)

Postoperative voiding difficulty 0.63
No 31(91.2) 29 (90.6)
Yes 3(8.8) 3(9.4)

LARS (n=61) (n=27) 0.14
No 19 (55.9) 10 (37.0)
Yes 5 (44.1 17 (63.0)

Postoperative erectile dysfunction 0.23
No 34 (100) 30 (93.8)
Yes 0(0) 2 (6.2)

Adjuvant chemotherapy 0.05
No 30 (88.2) 2 (68.
Yes 4(11.8) 10 (31.2

Values are presented as number only or number (%).
RT, radiotherapy; LARS, low anterior resection syndrome.
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for recurrence, such as palliative chemotherapy with or without
radical resection, was administered.

Statistical analysis
The clinical, surgical, and pathological characteristics of

the 2 groups were compared using the chi-square test. The
5-year oncologic outcomes, including disease-free survival
(DFS), overall survival (OS), distant metastasis rate, and local
recurrence rate of the 2 groups were analyzed and compared
using Kaplan-Meier survival analysis and the log-rank test (P <
0.05). The analyses were performed using IBM SPSS Statistics
ver. 20 (IBM Corp., Armonk, NY, USA).

RESULTS

The clinical and pathologic characteristics are presented
in Table 1. The RT group included more males and
patients younger than 75 years old and had higher rates of
abdominoperineal resection and ileostomies (P = 0.03, P = 0.03,
P = 0.02, and P = 0.006, respectively). The prevalence of lower
rectal cancer below 4 cm from the anal verge was higher in the
RT group, but the difference was not significant. There were no
significant differences in the rates of the clinical T and N stages
between the 2 groups. While the rate of the pathologic T stage
was significantly lower in the RT group than in the no-RT group
(P < 0.001), there was no significant difference in the rate of
the pathologic N stage between the 2 groups.

There were no significant differences in the rates of
anastomotic leakage, postoperative voiding difficulty, low
anterior syndrome, and postoperative erectile dysfunction
between the 2 groups. The proportion of patients who received
adjuvant chemotherapy was higher in the RT group with
borderline significance (P = 0.05).

There were no significant differences in the 5-year oncologic
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outcomes, including DFS (89.5% in the no-RT group vs. 79.4%
in the RT group, P = 0.72), OS (96.6% in the no-RT group vs.
89.0% in the RT group, P = 040), distant metastasis rate (7.3%
in the no-RT group vs. 153% in the RT group, P = 0.66), and
local recurrence rate (6.9% in the no-RT group vs. 6.2% in the
RT group, P = 055) between the 2 groups (Figs. 2, 3). In the no-
RT group, 2 patients had local recurrence. One had recurrence
at the anastomosis 17 months after low anterior resection and
underwent abdominoperineal resection. Another who showed
signetring cell carcinoma and also had history of cervical cancer
treated with pelvic irradiation before diagnosis and treatment
of rectal cancer had local recurrence at the base of bladder
and also peritoneal metastases 17 months after low anterior
resection, and had only best supportive care. In the RT group,
1 patient had local recurrence. He had local recurrence at the
presacral space 46 months after NCRT and abdominoperineal
resection and underwent palliative chemotherapy. All of them
expired due to disease progression.

In the present study, the proportion of male patients was
significantly higher in the RT group than in the no-RT group.
The concern for more technically challenging surgery in male
patients may affect surgeons, and neoadjuvant RT may be
preferable for males rather than upfront surgery for males.
The proportion of patients younger than 75 years of age was
also significantly higher in the RT group than in the no-
RT group, and older patients with low performance scores
tended to refuse neoadjuvant RT, which demands daily visits
to the hospital for 6 weeks. Abdominoperineal resection was
performed more frequently in the RT group, and this can be
attributed to the difficulty in omitting RT for patients with
rectal cancer close to or invading the anal canal. Although the
prevalence of lower rectal cancer was higher in the RT group,
the difference was not significant. An ileostomy was created
more frequently in the RT group because RT is a risk factor for
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Fig. 2. (A) Five-year disease-free survival (89.5% in the no-RT group vs. 79.4% in the RT group, P = 0.72). (B) Five-year overall
survival (96.6% in the no-RT group vs. 89.0% in the RT group, P = 0.40). RT, radiotherapy.
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Fig. 3. (A) Five-year distant metastasis rate (7.3% in the no-RT group vs. 15.3% in the RT group, P = 0.66). (B) Five-year local
recurrence rate (6.9% in the no-RT group vs. 6.2% in the RT group, P = 0.55). RT, radiotherapy.

anastomotic leakage. However, the anastomotic leakage rates of
both groups were similar, which may be attributed to the small
sample of patients in the present study. The prevalence of the
pathologic T stage was significantly lower in the RT group than
in the no-RT group, and this was inevitable due to the local
effect of RT. However, the pathologic N stages of both groups
were similar, and 73.5% of the no-RT group had no lymph node
metastases. This may suggest that the effect of neoadjuvant
RT for local control of lymph node metastasis is not beneficial
for cN1 rectal cancer. There were no significant differences in
the rates of postoperative voiding difficulty and low anterior
resection syndrome between the 2 groups. Postoperative
erectile dysfunction only occurred in the RT group; however,
the difference was not significant. The rate of adjuvant
chemotherapy was higher, with borderline significance, for
the RT group. However, there were no significant differences
in oncologic outcomes, including 5-year DFS, OS, distant
metastasis, and local recurrence between the 2 groups. Five-
year DFS and OS were higher in the no-RT group, the distant
metastasis rate was lower in the no-RT group, and the local
recurrence rate was similar in both groups. This may suggest
that neoadjuvant local treatment is unnecessary for moderately
advanced rectal cancer, or it may have negative effects. The
oncologic outcomes except for local recurrence of both groups
were relatively favorable compared to previously reported
literatures, which is considered because their stages were
selected as clinical T2/N1 and T3NO/1.

DISCUSSION

In 2001, the Swedish rectal cancer trial [9] demonstrated
that preoperative short-course RT combined with standardized
TME, compared with surgery alone, improved local control.
In 2004, the German CAO/ARO/AIO-94 trial [1] demonstrated

that preoperative RT improved local control with less toxicity
than postoperative RT. Based on this evidence, preoperative RT
combined with TME followed by adjuvant chemotherapy has
been the standard treatment for locally advanced rectal cancer,
which is defined as a tumor beyond the rectal muscle or tumor
with lymph node metastases.

Despite the oncologic benefits of RT for local control, it has
numerous adverse effects. Irradiation induces tissue edema
and fibrosis, disturbs surgical procedures and wound healing,
and increases the rate of anastomotic leakage and anastomotic
stricture [10,11]. Some patients have to maintain a permanent
stoma despite their favorable oncologic outcomes. In addition,
irradiation deteriorates pelvic muscular and nervous structures
and, consequently, impairs anorectal and genitourinary
functions [12]. Irradiation aggravates the symptoms of low
anterior resection syndrome following proctectomy [13].
Sometimes, delayed anastomotic leakage or a fistula between
the rectum and anterior pelvic organs can occur several years
after surgery due to irreversible radiotoxicity [14]. Bruheim et
al. [15] reported that RT was associated with considerable long-
term adverse effects on anorectal function and social function
and a significant decrease in the quality of life.

Conventional RT requires 6 weeks of treatment and an
8-week resting period. Radical resection and systemic treatment
should be delayed for periods of more than 14 weeks and can
have negative effects on oncologic outcomes. Recently, the
introduction of TNT with short-course RT and chemotherapy
can be an option for patients who need preoperative local
control, as well as prompt systemic treatment [16]. However,
some patients with moderately advanced rectal cancer indicated
for neoadjuvant treatment based on the conventional criteria
may have no oncologic benefit, and it can be unnecessary
and associated with harm from radiotoxicity. The history
of neoadjuvant RT can be an indication for postoperative
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chemotherapy because it is considered the standard treatment
for locally advanced rectal cancer regardless of its pathologic
stage. In the present study, the rate of adjuvant chemotherapy
was significantly higher in the RT group than in the no-RT
group despite their similar stage, and oncologic results of
the 2 groups were similar despite the higher rate of adjuvant
chemotherapy in the RT group.

Not only overtreatment based on clinical over-staging but also
down-staging by RT can affect the prognosis and the decision
about optimal adjuvant treatment due to the obscure initial
stage. If microscopically existing lymphovascular invasion or
extramural venous invasion disappears after RT, the risk factors
for metastasis may not be identified. Moderately advanced
rectal cancers with controversy regarding the necessity of
adjuvant chemotherapy need to be more precisely evaluated to
predict prognosis and improve oncologic outcomes. Adjuvant
chemotherapy is omitted or reduced more frequently and easily
in good responders to neoadjuvant RT; however, it does not
improve OS [1,2]. Even if some locally advanced rectal cancers
showed a good response to local treatment, systemic control
may be necessary. Therefore, down-staging by neoadjuvant
RT without significant benefit can negatively affect survival
outcomes because of inappropriate omission of adjuvant
treatment.

After the standardization of preoperative RT plus TME,
the Swedish rectal cancer trial reported a 9% long-term local
recurrence rate in 2005 [17], the Dutch trial reported a 5-year
local recurrence rate of 4.6% in 2010 [18], and the German CAQ/
ARO/AIO-94 trial reported an 11-year local recurrence rate
of 7.1% in 2012 [19]. TME has already been standardized for
rectal cancer surgery; however, there have been continuous
advances due to the introduction of ultra-low anterior resection,
intersphincteric resection, lateral pelvic lymph node dissection,
the extralevator procedure [20], the development of laparoscopic
and robotic techniques, and the transanal approach. Based
on this, some moderately advanced rectal cancers that would
have required RT to improve local control in the past may be
treated with surgery only today. Specialized surgical techniques
and accumulated surgical experiences have been reported to
be associated with improved local control [21]. Within the last
decade, several studies have reported that postoperative RT for
stage II/III rectal cancer did not reduce recurrence or mortality
[22,23]. A prospective multicenter stratified randomized trial
reported a significantly low incidence of local recurrence and
favorable survivals were achieved by surgery alone in the low-
risk group of stage II/III rectal cancers [24]. They suggested the
discriminative use of neoadjuvant RT based on the clinical
risk stratification for locally advanced rectal cancer. Jootun et
al. [25] reported that neoadjuvant RT reduced local recurrence
only in margin-threatening rectal cancer, and this strategy may
reduce the toxicity of RT and allow an earlier introduction of

systemic chemotherapy. Another population-based cohort study
and a systematic review with meta-analyses have reported
the importance of the circumferential resection margin as
an independent prognostic factor based on the most recent
literature [26,27]. Therefore, the decision to use neoadjuvant RT
for stage I1/111 rectal cancers needs to be based not only on the T
and N stages but also on the circumferential resection margins.

The preoperative staging of rectal cancer has become more
precise owing to the remarkable advances of MRI [28]. Pelvic
MRI is the most accurate in determining the locoregional
clinical staging of rectal cancers [29]. MRI enabled the sub-
staging of T3 cancers into T3a to T3d based on the length
of invasion of perirectal tissue and determination of the
distance between the tumor and the circumferential resection
margin. Most major trials that have proved the superiority of
neoadjuvant RT performed CT and endorectal ultrasonography
for initial staging [2,9,19]. Therefore, the criteria for selecting
patients who may benefit from neoadjuvant RT needs to be
reestablished based on a more precise staging system with MRI
in the present clinical setting, If the evidence is accumulated, it
is considered mrT3aNO could be excluded from the indication
for NCRT.

On the contrary to this strategy of omission of NCRT in
moderately advanced rectal cancer, NCRT can be considered
rather for watch and wait approach with omission of radical
surgery. Although the rates of clinical complete remission
(cCR) are reported higher in moderate advanced rectal cancer
compared to those of far advanced rectal cancer, the number of
patients who do not acquire cCR is still more than the number
of patients who acquire cCR, and tumor regrowth in patients
who showed cCR after NCRT was reported as about 25% [30].
Therefore, even if watch and wait after NCRT can be an option
for the early tumor to avoid proctectomy, radical surgery is
considered as standard treatment for the tumor which is not
early. In these patients with moderately advanced rectal cancer,
omission of NCRT is considered to be safer oncologically
compared to the omission of radical surgery.

Recently, TNT is recommended as the preferred strategy
in locally advanced rectal cancer according to the National
Comprehensive Cancer Network guidelines [3]. It has been
reported to increase the rate of pathological complete remission
and to be related to improved oncologic outcomes [6]. It needs
to be considered preferentially for far advanced rectal cancers
which require upfront systemic control. However, even if TNT
could improve the oncologic outcomes in locally advanced rectal
cancer, it is still necessary to select patients who acquire little
oncological benefit from RT at cost of radiotoxicity.

In the era of personalized medicine, the treatment of locally
advanced rectal cancer also has to be tailored. For the patients
who do not fit for radical surgery because of their underlying
condition or the patients who need local or systemic control
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before surgery, conventional or TNT need to be considered
at first to achieve cCR or resectability. For the patient whose
rectal cancer was moderately advanced as clinical T2/N1 and
T3N0/1 with safe circumferential resection margins, even if
they are indicated for neoadjuvant treatment according to the
conventional criteria, upfront radical surgery and omission of
RT can be considered.

The present study has limitations related to the small
number of patients, retrospective analysis, and consequent
heterogeneity of adjuvant treatment. Actually, the rate of lower
rectal cancer and abdominoperineal resection were both higher
in the RT group and this selection bias can be responsible for
the no-RT group having higher rectal cancer with less necessity
for RT. Therefore, further prospective randomized trials with
larger samples are necessary to demonstrate the oncologic
safety of omission of neoadjuvant RT.

In conclusion, the oncologic benefit of neoadjuvant RT for
clinical T2/N1 and T3N0/1 middle and low rectal cancers
with safe circumferential resection margins is considered
to be unclear, and we suggest it can be omitted to prevent
radiotoxicity and facilitate prompt essential treatment.
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