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Abstract 

Background and purpose: We aimed to explore the necessity of the external iliac lymph nodes (EIN) along with 
inguinal nodes (IN) region in clinical target volume (CTV) for rectal carcinomas covering the anal canal region.

Materials and methods: This research premise enrolled 399 patients who had primary low rectal cancer detected 
below the peritoneal reflection via magnetic resonance imaging (MRI) and were treated with neoadjuvant radiother-
apy (NRT), without elective EIN along with IN irradiation. We stratified the patients into two groups based on whether 
the lower edge of the rectal tumor extended to the anal canal (P group, n = 109) or not (Rb group, n = 290). Compari-
son of overall survival (OS), locoregional recurrence-free survival (LRFS), disease-free survival (DFS), as well as distant 
metastasis-free survival (DMFS) were performed via inverse probability of treatment weighting (IPTW) along with mul-
tivariable analyses. We compared the EIN and IN failure rates between the two groups via the Fisher and Gray’s test.

Results: P group showed a similar adjusted proportion along with five-year cumulative rate of EIN failure compared 
with the Rb group. The adjusted proportion and five-year cumulative rate of IN failure in the P group was higher in 
comparison to the Rb group. There were no remarkable differences in the adjusted five-year OS, DFS, DMFS or LRFS 
between the two groups. Anal canal involvement (ACI) exhibited no effect on OS, LRFS, DFS, or DMFS.

Conclusions: During NRT for rectal cancer with ACI, it may be possible to exclude the EIN and IN from the CTV.

Keywords: Neoadjuvant radiotherapy, Inguinal lymph nodes, Rectal cancer, Anal canal involvement, Clinical target 
volume, External iliac lymph nodes, Locally advanced lower rectal cancer
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Introduction
Neoadjuvant chemoradiotherapy followed by complete 
mesorectal excision (TME) is the current standard of 
treatment for locally advanced rectal cancer [1, 2]. Neo-
adjuvant chemoradiotherapy, may enhance resectability, 
sphincter preservation along with local control. Delineat-
ing the clinical target volume (CTV), as well as organs at 
risk (OARs) is a critical step in advanced radiotherapy. 
The extent of  irradiated fields  is selected based on pat-
tens of treatment failure, comprising regions with a high 
relapse while reducing the radiation exposure to adjacent 
healthy tissues. Nonetheless, the CTV of rectal cancer 
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with anal canal involvement (ACI) includes external iliac 
lymph nodes (EIN) and inguinal nodes (IN), which is typ-
ically the range of the target area of anal cancer. However, 
clinical evidence to support this target area is lacking.

For rectal cancer with anal canal invasion, elective irra-
diation of the EIN and IN is recommended [3–6]. How-
ever, rather than being based on high-quality research, 
this guideline is based on expert consensus, and there 
is no clear proof that EIN and IN failure is prevalent in 
rectal cancer invading the anal canal. There are some 
disagreements as to the indications for including these 
regions for rectal cancer patients [7–10]. Our Center (the 
Fujian Medical University Union Hospital) commonly 
does not target the EIN and IN during neoadjuvant radio-
therapy (NRT) for locally advanced rectal cancer (LARC) 
infiltrating the anal canal because of the possible dangers 
of growing radiation fields, while it is unclear if this is a 
realistic approach. As a result, we conducted a retrospec-
tive analysis to explore  the trends of treatment failure 
for LARC that invaded the anal canal as determined by 
magnetic resonance imaging (MRI) in patients who were 
treated with NRT. This data may assist in determining if 
the current CTV definition is applicable.

Considering that low LARC has a worse prognosis 
and different recurrence and metastasis patterns com-
pared with middle and upper LARC [11], we assessed the 
impact of EIN and IN region exclusion from CTV dur-
ing NRT for low LARC patients with or without ACI on 
long-term survival outcomes.

Materials and methods
Patients
We carried out a retrospective consecutive cohort 
investigation of patients with primary low LARC  (T3–4/
N+) who underwent NRT, without elective EIN and IN 
irradiation, followed by surgery at our Center between 
January 2006 and April 2017. Patients were histologi-
cally confirmed with rectal adenocarcinoma without 
distant metastasis. We dined low rectal cancers as below 
the peritoneal reflection based on pelvic MRI findings. 
Subjects were stratified into two study groups based on 
whether the lower edge of the tumor extended to the anal 
canal (P study group, n = 109) or not (Rb study group, 
n = 290).

Definition of anal canal violation
According to a previous research in Japan, most patients 
were histologically proved that their bottom edge of the 
tumor surpassed  the anorectal ring when the distance 
between the lower edge of the tumor and the anal margin 
was less than 3  cm [12]. The MRI assessment of tumor 
height was highly reproducible amongst readers, indicat-
ing that it may accurately predict dentate line infiltration 

in low rectal cancer [13]. By employing the intersphinc-
teric groove as the MRI correlate for the anal verge, the 
average resulted in a tumor height measurement that 
was remarkably similar to that obtained through endos-
copy [14]. Thus, we assessed the tumor’s distance from 
the anal edge and intersphincteric groove on sagittal T2 
images in order to determine the rectal tumor’s height on 
MRI. Rectal cancer with a 5 cm gap between the tumor 
and the anal margin was described as low rectal cancer, 
while tumor affecting the anal canal with a 3 cm distance 
was characterized as anal canal cancer.

Therapeutic schemes
The gross tumor volume (GTV) was contoured using 
the results of the digital rectal assessment, endoscopy, 
ultrasonography, along with  abdominopelvic  magnetic 
resonance imaging. The CTV was defined as a 5 cm mini-
mum craniocaudal border around the GTV, including 
the drainage areas of the whole mesorectum, presacral, 
as well as internal iliac lymph nodes. The GTV and CTV 
planning target volumes (PTVs) were calculated with an 
extra margin of 10  mm, respectively. We applied long 
course radiation (LCRT) to PTV–CTV via 45  Gy in 25 
fractions, with or without a simultaneous integrated 
boost (SIB) to PTV–GTV via 50 Gy in 25 fractions. The 
dose given to PTV-GTV and PTV-CTV was 25  Gy/5 
fractions in short course radiotherapy (SCRT). Patients 
received pre-operative and postoperative chemotherapy 
with capecitabine or 5-fluorouracil. All patients received 
curative total mesorectal excision and sampling/dissec-
tion of pelvic nodes 6-8 weeks after pre-operative NRCT.

Follow‑up
Following surgery, patients were evaluated every three 
months for the first two years, every six months for the 
following three years, and then yearly thereafter. All 
patient assessments included a symptoms report, a physi-
cal assessment, chest CT, abdominopelvic MRI, as well 
as testing for six gastrointestinal tumor biomarkers.

Statistical analyses
Overall survival (OS) was considered as the time period 
from the start of treatment to the date of death. Disease-
free survival (DFS) was considered  as the time interval 
between the start of treatment and the onset of locore-
gional and/or distant disease failure. The period from 
the date of initial treatment to the date of extranodal 
and/or distant lymphatic dissemination was consid-
ered as the distant metastasis-free survival (DMFS), and 
the time period from the date of initial treatment to the 
date of disease failure in the primary site and/or regional 
lymph node was regarded as the locoregional recurrence-
free survival (LRFS).
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After a baseline comparison between the P and Rb 
groups, an imbalance was found. Subsequently, we uti-
lized the inverse probability weighting (IPTW) approach 
[15] for component adjustment. The reciprocal of this 
probability was used as the weight of the individual to 
establish the correlation model. P-value was utilized to 
evaluate the balance of covariate distribution prior to and 
post weighting.

In the present research, the Kaplan Meier approach 
was utilized to analyze the survival data before and after 
weighting, and the log-rank test was adopted to analyze 
whether there were significant statistical differences 
between the two groups. Subsequently, the weighted Cox 
proportional hazard model was utilized to determine 

the IPTW adjusted hazard ratio (HR). We employed the 
Fisher’s exact tests for statistical analysis on the propor-
tion of EIN and IN failure. The Gray’s test of competi-
tive risk analysis was adopted to analyze the cumulative 
incidence of EIN and IN failure rate. R 4.0 was utilized to 
perform the relevant statistical analysis.

Results
Table  1 summarizes the baseline clinical characteristics 
of the entire study cohort. Males outnumbered females 
by a ratio of 1.35:1. The study subjects had a median age 
of 57 years. Most patients used concurrent chemotherapy 
(96.0%) and LCRT (95.2%). A total of 73.1% of patients 
received postoperative chemotherapy. cT1-3, cT4, and 

Table 1 Clinical characteristics of patients in the unweighted and weighed population

LCRT  Long course radiotherapy, SIB simultaneous integrated boost, SCRT  short course radiotherapy, CEA carcinoembryonic antigen, CA199 carbohydrate antigen 19–9

Characteristic level Overall Unweighted population Weighted population (IPTW)

Rb group, n (%) P group, n (%) p Rb group, % P group, % p

n 399 290 109

Gender (%)

Female 170 (42.6) 116 (40.0) 54 (49.5) 0.109 42.5 47.1 0.441

Male 229 (57.4) 174 (60.0) 55 (50.5) 57.5 52.9

Age

 < 60 165(41.4) 194 (66.9) 71 (65.1) 0.832 68.3 62.8 0.328

 ≥ 60 134(33.6) 96 (33.1) 38 (34.9) 31.7 38.2

Concurrent chemotherapy regimen (%)

Single 232 (58.1) 177 (61.0) 55 (50.5) 0.001 59.5 57.4 0.840

Combined 143 (35.8) 103 (35.5) 40 (36.7) 35.0 35.6

None 24 (6.0) 10 (3.4) 14 (12.8) 5.4 7.0

Postoperative chemotherapy (%)

no 107 (26.9) 70 (24.2) 37 (33.9) 0.068 27.8 32.3 0.414

Yes 291 (73.1) 219 (75.8) 72 (66.1) 72.2 67.7

Radiotherapy strategies (%)

LCRT 36 (9.0) 26 (9.0) 10 (9.2)  < 0.001 8.7 7.9 0.849

LCRT + SIB 344 (86.2) 258 (89.0) 86 (78.9) 86.5 85.8

SCRT 19 (4.8) 6 (2.1) 13 (11.9) 4.8 6.3

Number of dissected lymph nodes (%)

 < 12 195 (48.9) 151 (52.1) 44 (40.4) 0.006 49.6 46.0 0.245

 ≥ 12 195 (48.9) 136 (46.9) 59 (54.1) 49.1 49.5

none 9 (2.3) 3 (1.0) 6 (5.5) 1.3 4.5

cT (%)

cT1-3 158 (41.6) 122 (44.2) 36 (34.6) 0.115 44.3 34.6 0.107

cT4 222 (58.4) 154 (55.8) 68 (65.4) 55.7 65.4

cN (%)

cN- 43 (11.3) 30 (10.9) 13 (12.5) 0.790 10.4 11.1 0.844

cN + 337 (88.7) 246 (89.1) 91 (87.5) 89.6 88.9

CEA, ng/nl (median [IQR]) 3.3
[1.9,7.3]

3.5
[2.0, 7.6]

3.0
[1.7,6.1]

0.252 3.4
[1.9,7.6]

2.8
[1.7, 5.8]

0.191

CA199, U/ml (median [IQR]) 12.6
[6.9,22.0]

12.5
[6.6,21.3]

12.8
[7.9,28.2]

0.112 12.7
[6.6, 21.7]

11.9
[7.9,25.8]

0.394
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cN + were present in 41.6%, 58.4%, and 88.7% of patients, 
respectively. The median levels of carcinoembryonic anti-
gen (CEA) were 3.30 ng/ml, whilst those of carbohydrate 
antigen 19–9 (CA199) were 12.62 U/ml. A total of 72.7% 
of patients were stratified into the Rb group, whereas 
27.3% of patients were stratified into the P group. The 
median follow-up time was 77 months (95% CI 74–84). 
Clinical features of the two study groups are given in 
Table  1. After a baseline comparison between the two 
groups based on whether the anal canal was involved, 
an imbalance was observed in concurrent chemotherapy 

regimen (p = 0.001), radiotherapy strategies (p < 0.001), 
and number of dissected lymph nodes (p = 0.006). After 
IPTW modification, the prognostic variables were well 
balanced between the two study groups.

We evaluated the effect of anal canal infiltration on 
the prognosis in low LARC. After IPTW, we found that 
adjusted five-year OS was 70.7% for P group compared 
with 82.8% for Rb group (HR 1.48, 95% CI 0.95–2.25, 
p = 0.081; Fig.  1A). The adjusted five-year DFS was 
61.5% for the P group versus 71.4% for the Rb group (HR 
1.40; 95% CI 0.95–2.08, p = 0.091; Fig. 1B). The adjusted 

Fig. 1 OS, DFS, DMFS, and LRFS stratified by ACI in low LARC patients treated with NRT. OS (A), DFS (B), DMFS (C), and LRFS (D) in the Rb group 
versus the P group in the entire cohort after IPTW. CI, confidence interval; HR, hazard ratio; IPTW, inverse probability of treatment weighting; OS, 
overall survival; DFS, disease-free survival; DMFS, distant metastasis free survival; LRFS, locoregional recurrence free survival
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five-year DMFS was 63.1% in the P group compared with 
72.4% in the Rb (HR 1.35; 95% CI 0.90–2.01, p = 0.140; 
Fig.  1C). The adjusted five-year LRRFS was 69.1% for 
the P group versus 80.7% for the Rb group (p = 0.069, 
HR 1.49, 95% CI 0.97–2.28; Fig. 1D). Using a multivari-
ate COX model (Table 2), anal canal involvement showed 
no effect on OS (HR 1.30, 95% CI 0.76–2.22, P = 0.336), 
DFS (HR1.31, 95% CI 0.82–2.08, P = 0.260), DMFS (HR 
1.23, 95% CI 0.78–1.96, p = 0.374), or LRRFS (HR 1.29, 
95% CI 0.76–2.19, p = 0.346). These results indicated that 
patients in the P group were more unfavorable, but no 
remarkable difference was seen between the two study 
groups. Besides, multivariable analysis exhibited that anal 
canal invasion was not an independent predictive fac-
tor for low LARC patients who received NRT. As for the 
number of lymph nodes variable, there was a significant 
difference between none and lymph < 12 in models of OS, 
DFS, LRFS, and DMFS, and the HRs were much less than 
1, implying that patients without lymphatic dissection 
had a better prognosis. Due to their early pre-operative 
staging, these patients could opt for local excision with-
out lymph node dissection.

We further examined the impact of the ACI on EIN 
and IN failure. The ratios of EIN/IN failure are listed 
in Table  3. Among the entire cohort, nine (2.3%) of the 
399 patients developed IN failure and four (1.0%) devel-
oped EIN failure after NRT. The crude IN failure rate in 
those patients that developed metastasis was significantly 
higher in P group (7/26, 26.9%) compared with Rb group 
(2/66, 0.7%; P = 0.002). After IPTW, the difference of IN 
failure rate remained significant in the two groups (6.3% 
in P group versus 0.7% in Rb group; P = 0.008). However, 
there was no remarkable difference in the EIN failure 
rate between the two groups before or after weighting. A 
competitive risk model was used to calculate the cumu-
lative incidence of EIN and IN failure (Fig.  2). P group 
showed a similar five-year cumulative EIN failure rate 
comparted with Rb group (3.2% versus 0.7%; P = 0.270; 
Fig.  2A). However, the five-year cumulative IN failure 
rate in the P group was higher compared with the Rb 
group (7.4% versus 0.8%; P < 0.001; Fig.  2B). These data 
exhibited that anal canal invasion impacted the risk of IN 
failure but not the EIN failure in low LARC patients after 
NRT.

Discussion
Recently, the definition of rectal cancer CTV has become 
more personalized. Accurate target volume description is 
necessary for intensity-modulated radiotherapy (IMRT). 
Therefore, gaining insights into the failure mode after 
surgery will help guide the optimization of the irradiation 
field.

The Radiation Therapy Oncology Group’s 2009 con-
sensus report on the definition of the CTV for anorec-
tal cancer was split on whether optional irradiation of 
the EIN and IN regions in rectal adenocarcinomas with 
ACI was essential [4]. In addition to the presacral nodes, 
rectum, mesorectal nodes, obturator nodes, and internal 
iliac nodes, the 2021 ASTRO Clinical Practice Guideline 
[6] for radiation therapy for rectal cancer conditionally 
recommended including the inguinal and external iliac 
nodes in the CTV for LARC patients with ACI. Addition-
ally, the proposal was made on the basis of expert con-
sensus rather than strong evidence.

Few studies have been conducted to determine the 
best RT fields for rectal cancer patients treated with ACI. 
CTV delineation recommendations refer to the char-
acteristics of lymph node metastasis. For tumors that 
extend to the anal canal, lesions can spread to the EIN 
and IN [3, 16, 17]. In some retrospective analyses [17, 
18], positive EIN were found in 4% to 9% of those sub-
jects with positive lymph nodes. In those patients, the 
majority of positive lymph nodes stemmed from tumors 
positioned closer to the anal edge. Maxiaowei Song 
reported a three-year EIN failure rate of 3.3 percent (7 of 
214 patients) [19] in rectal cancer subjects with ACI who 
were treated with  pre-operative or postoperative pelvic 
RT without including the groin area in the treatment. In 
the absence of elective irradiation, we observed a very 
low incidence of EIN metastases in our research. Five-
year cumulative EIN failure rates were just 0.7% in the Rb 
study group and 3.2% in the P study group, and there was 
no remarkable difference between the two study groups 
in terms of EIN in metastatic patients.

In rectal cancer, conventional RT fields include 
regional lymphatics that do not include IN, but stand-
ard RT fields in anal cancer include IN due to the 
increased likelihood of local relapse  in this region 
without elective therapy [4]. Thus, whether RT fields 
should be expanded to include IN basins for a subgroup 
of rectal cancer patients with ACI remains uncertain. 
Publications report a 1% probability of positive ingui-
nal lymph nodes, however all positive INs were iden-
tified in rectal tumors that were low-seated [17, 20]. 
Numerous studies have assessed the IN failure rate in 
individuals with rectal cancer treated with ACI follow-
ing pre-operative or post-operative pelvic RT in which 
the treatment field did not include the groin region; the 
three-year IN failure rate was 3.7%  (8 of 214 patients) 
[19], the five-year IN failure rate was 4% (6 of 184 
patients) [10], and 3.5% (7 of 189 patients) [21]. In our 
cohort, the proportion of IN failure rate was remark-
ably higher in metastatic patients with anal canal inva-
sion than those without. However, the IN failure rate 
was still low in both groups. The five-year cumulative 
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Table 2 Multivariable analysis of OS, DMFS, and LRRFS for low LARC patients treated with NRT

variables OS DFS LRFS DMFS

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Gender

Female Ref Ref Ref Ref

Male 1.14
(0.66- 1.95)

0.643 1.19
(0.75–1.89)

0.461 1.20
(0.71–2.04)

0.499 1.17
(0.73–1.86)

0.518

Age

 < 60 Ref Ref Ref Ref

 ≥ 60 1.52
(0.86–2.67)

0.146 1.50
(0.92–2.44)

0.103 1.67
(0.97–2.88)

0.065 1.39
(0.85–2.28)

0.190

CEA

 ≤ 5 Ref Ref Ref Ref

 > 5 1.00
(1.00–1.01)

0.358 1.00
(1.00–1.01)

0.435 1.00
(1.00–1.01)

0.596 1.00
(1.00–1.01)

0.355

CA199

 ≤ 37 Ref Ref Ref Ref

 > 37 1.00
(1.00- 1.01)

0.414 1.00
(1.00–1.00)

0.878 1.00
(1.00–1.00)

0.567 1.00
(1.00–1.00)

0.810

Concurrent chemotherapy regimen

Single Ref Ref Ref Ref

Combined 0.89
(0.50- 1.59)

0.702 0.80
(0.49–1.32)

0.386 0.83
(0.47–1.46)

0.517 0.85
(0.51–1.40)

0.523

None 0.29
(0.07- 1.22)

0.092 0.04
(1.4e-4–8.95)

0.237 0.24
(0.49–1.16)

0.076 0.05
(0.00–8.25)

0.249

Postoperative chemotherapy

No Ref Ref Ref Ref

Yes 0.82
(0.42–1.60)

0.559 1.11
(0.61–1.99)

0.741 0.96
(0.49–1.86)

0.897 0.99
(0.55–1.77)

0.972

Number of lymph nodes

 < 12 Ref Ref Ref Ref

 ≥ 12 0.94
(0.56–1.60)

0.823 0.92
(0.58–1.46)

0.713 0.92
(0.55–1.53)

0.748 0.96
(0.60–1.55)

0.878

none 1.2e-7
(3.3e-8–4.6e-7)

 < 2e-16 *** 1.2e-7
(3.6e-8–3.9e-7)

 < 2e-16 *** 1.3e-7
(3.5e-8–4.6e-7)

 < 2e-16 *** 1.1e-7
(3.4e-8–3.8e-7)

 < 2e-16 ***

Radiotherapy

LCRT Ref Ref Ref Ref

LCRT + SIB 0.70
(0.28–1.77)

0.447 0.81
(0.34–1.89)

0.618 0.76
(0.31–1.86)

0.542 0.77
(0.33–1.80)

0.542

SCRT3 4.77
(0.93–24.52)

0.062 29.33
(0.14–62.55)

0.217 5.54
(0.98–31.49)

0.053 22.37
(0.15–33.03)

0.223

Pathological stage

ypCR 0 Ref Ref Ref Ref

ypI 0.49
(0.15–1.55)

0.222 0.95
(0.39–2.33)

0.913 0.65
(0.22–1.90)

0.431 0.79
(0.31–2.01)

0.615

ypII 1.94
(0.81–4.65)

0.138 2.31
(1.07–4.98)

0.033 ** 1.95
(0.84–4.55)

0.120 2.34
(1.07–5.11)

0.033
*

ypIII 3.64
(1.59- 8.34)

0.002 ** 4.48
(2.15–9334)

6.08e-05 *** 3.83
(1.70–8.61)

0.001 *** 4.32
(2.06–9.09)

0.0001 ***

Anal canal

Rb group Ref Ref Ref Ref

P group 1.30
(0.76–2.22)

0.336 1.31
(0.82–2.08)

0.260 1.29
(0.76–2.19)

0.346 1.23
(0.78–1.96)

0.374
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IN failure rate was only 0.8% in the Rb group and 7.4% 
in the P group, respectively.

Although the risk of the IN failure in the two groups 
are different, the salvage of IN metastasis appeared fea-
sible,  anal canal invasion has no significant influence 
on the OS, DFS, DMFS, or LRFS with survival analysis 
and Cox model analysis. Due to the fact that enlarging 
the RT field to include the groin region is linked  with 
diverse acute and late morbidities, including desquama-
tion and fibrosis of the inguinal skin, wound and bowel 
complications, extremity edema, as well as femoral neck 
fractures [10], our findings illustrated  that routine elec-
tive EIN/IN irradiation for anal canal invasion may be 
unnecessary. For individuals with ACI who have a low 
LARC, more effective treatments should be investigated 
to target the systemic disease instead of ILN irradiation 
for localized management.

The current research involves a number of limita-
tions. The power along with the  generalizability of a 
small single-center study were limited. The difference 
in the external iliac node failure between the weighted 
groups was marginally significant (p = 0.058). The dif-
ference may reach statistical significance if the sample 
size is larger enough. The number of dissected lymph 
nodes is less than twelve in almost half of the patients, 
and the less than twelve of number of dissected lymph 
nodes is an independent predictor of poor progno-
sis in our cohort. Insufficient lymphadenectomy will 
strongly influence the accuracy of the nodal staging. 
Since this retrospective analysis may have been skewed 
by selection bias, prospective multicenter randomized 
controlled clinical studies are necessary to validate the 
potential advantages of bypassing the EIN and IN irra-
diation during NRT.

Table 3 Proportion of EIN and IN failure stratified by ACI before and after IPTW

IPTW inverse probability of treatment weighting, EIN external iliac lymph nodes, IN inguinal nodes

Unweighted population Weighted population (IPTW)

Rb group, n (%) P group, n (%) p Rb group, % P group, % p

Failure 66 26

EIN (%) 2 (3.0) 2 (7.7) 0.316 2.6 9.0 0.058

IN(%) 2 (3.0) 7 (26.9) 0.002 2.9 26.9 0.000

Fig. 2 Cumulative incidence of EIN and IN failure stratified by ACI in low LARC patients treated with NRT. Cumulative incidence of EIN (A), and IN (B), 
in the Rb group versus the P group in the entire cohort after IPTW. EIN, external iliac lymph nodes; IN, inguinal nodes
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Conclusion
We found there was no impact on long-term survival 
outcomes of EIN and IN region exclusion from CTV 
during NRT for low LARC patients with or without 
ACI. The failure rate of EIN and IN was low in LARC 
patients without elective EIN and IN irradiation, even 
in patients with ACI. Thus, during NRT for LARC 
patients, the EIN and IN areas may be exempted from 
CTV, thus reducing radiation-associated  adverse 
events. Given the small number of patients with relapse 
in our study, further research is required to determine 
if the CTV’s cranial border may be limited.

Authors’ contributions
The research was conceived and designed by BHX, PC, and XPC. The manu-
script was written by RZ and YZZ. RZ and BHX were in charge of imple-
mentation of the trial. PC contributed the surgical section and performed 
the procedure as well as assessed the patients’ postoperative condition. The 
chemotherapeutic aspect of the study’s design and implementation was han-
dled by BJG and YPL. BSW and XBL were in charge of radiation treatment 
programs. The final version for submission was approved by all of the authors.

Funding
This work was funded by National Natural Science Foundation of China 
(No.82173452), National Natural Science Foundation of Fujian Province, China 
(No.2020J011014, 2021J01658), Fujian provincial health technology project 
(No. 2021CXA011), Special Projects of the Central Government Guiding Local 
Science and Technology Development (2021L3018).

Availability of data and materials
The datasets used and analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The XAHFMU Ethics Committee approved the study protocol (No. 2022KY045). 
The purpose along with the methods of this research were fully disclosed to 
all eligible patients. The subjects granted a written informed consent form. 
All clinical data is collected in a confidential manner by research members. 
The study is conducted in accordance with the Helsinki Declaration, the 
International Conference of Harmonization Good Clinical Practice guidelines, 
and local regulatory requirements.

Consent for publication
Not applicable.

Competing interests
None.

Author details
1 Department of Radiation Oncology, Fujian Medical University Union Hospital, 
Fuzhou, People’s Republic of China. 2 College of Mathematics and Statistics 
& FJKLMAA, Fujian Normal University, Fuzhou, People’s Republic of China. 
3 Fujian Key Laboratory of Intelligent Imaging and Precision Radiotherapy 
for Tumors (Fujian Medical University), Fuzhou, People’s Republic of China. 
4 Clinical Research Center for Radiology and Radiotherapy of Fujian Province 
(Digestive,Hematological and Breast Malignancies), Fuzhou, People’s Republic 
of China. 5 Department of Colorectal Surgery, Fujian Medical University Union 
Hospital, Fuzhou, People’s Republic of China. 

Received: 9 March 2022   Accepted: 30 May 2022

References
 1. Glynne-Jones, R., et al., Rectal cancer: ESMO Clinical Practice Guidelines for 

diagnosis, treatment and follow-up. Annals of oncology : official journal of 
the European Society for Medical Oncology, 2017. 28(suppl_4): p. iv22-iv40.

 2. Benson, A.B., et al., Rectal Cancer, Version 2.2018, NCCN Clinical Practice 
Guidelines in Oncology. Journal of the National Comprehensive Cancer 
Network : JNCCN, 2018. 16(7): p. 874–901.

 3. Roels, S., et al., Definition and delineation of the clinical target volume for 
rectal cancer. International Journal of Radiation Oncology*Biology*Physics, 
2006. 65(4): p. 1129–1142.

 4. Myerson, R.J., et al., Elective Clinical Target Volumes for Conformal 
Therapy in Anorectal Cancer: A Radiation Therapy Oncology Group 
Consensus Panel Contouring Atlas. International Journal of Radiation 
Oncology*Biology*Physics, 2009. 74(3): p. 824–830.

 5. Valentini V, et al. International consensus guidelines on Clinical Target 
Volume delineation in rectal cancer. Radiother Oncol. 2016;120(2):195–201.

 6. Wo JY, et al. Radiation Therapy for Rectal Cancer: Executive Summary of an 
ASTRO Clinical Practice Guideline. Pract Radiat Oncol. 2021;11(1):13–25.

 7. Henderson RH, et al. Elective ilioinguinal lymph node irradiation. Int J Radiat 
Oncol Biol Phys. 1984;10(6):811–9.

 8. GRAHAM, R.A. and D.C. HOHN, Management of inguinal lymph node metas-
tases from adenocarcinoma of the rectum. Diseases of the colon & rectum, 
1990. 33(3): p. 212–216.

 9. Lee WR, et al. Elective inguinal lymph node irradiation for pelvic carcinomas. 
The University of Florida experience Cancer. 1993;72(6):2058–65.

 10. TAYLOR, N., et al., Elective groin irradiation is not indicated for patients with 
adenocarcinoma of the rectum extending to the anal canal. International 
journal of radiation oncology, biology, physics, 2001. 51(3): p. 741–747.

 11. Nagtegaal ID, et al. Low Rectal Cancer: A Call for a Change of Approach in 
Abdominoperineal Resection. J Clin Oncol. 2005;23(36):9257–64.

 12. Ota M, et al. Clinical Characteristics of Rectal Cancer Involving the Anal 
Canal. J Gastrointest Surg. 2011;15(3):460–5.

 13. Tatsumoto S, et al. Accuracy of magnetic resonance imaging in predicting 
dentate line invasion in low rectal cancer. Jpn J Radiol. 2020;38(6):539–46.

 14. Bates DDB, et al. Measurement of rectal tumor height from the anal verge 
on MRI: a comparison of internal versus external anal sphincter. Abdominal 
Radiology. 2021;46(3):867–72.

 15. Austin PC, Stuart EA. Moving towards best practice when using inverse 
probability of treatment weighting (IPTW) using the propensity score 
to estimate causal treatment effects in observational studies. Stat Med. 
2015;34(28):3661–79.

 16. Shimm DS. Clinical target volumes in conformal and intensity modulated 
radiation therapy: A clinical guide to cancer treatment. Int J Radiat Oncol 
Biol Phys. 2004;60(4):1342.

 17. Steup, W.H., Y. Moriya and C.J. van de Velde, Patterns of lymphatic spread 
in rectal cancer. A topographical analysis on lymph node metastases. Eur J 
Cancer, 2002. 38(7): p. 911–8.

 18. Ueno H, et al. Clinicopathological study of intrapelvic cancer spread to the 
iliac area in lower rectal adenocarcinoma by serial sectioning. Br J Surg. 
1999;86(12):1532–7.

 19. Song M, et al. Is elective inguinal or external iliac irradiation during neoad-
juvant (chemo)radiotherapy necessary for locally advanced lower rectal 
cancer with anal sphincter invasion? Pract Radiat Oncol. 2022;12(2):125–34.

 20. Hojo K, Koyama Y, Moriya Y. Lymphatic spread and its prognostic value in 
patients with rectal cancer. Am J Surg. 1982;144(3):350–4.

 21. Yeo S, et al. Is elective inguinal radiotherapy necessary for locally advanced 
rectal adenocarcinoma invading anal canal? Radiat Oncol. 2014;9(1):1–7.

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


	Necessity of external iliac lymph nodes and inguinal nodes radiation in rectal cancer with anal canal involvement
	Abstract 
	Background and purpose: 
	Materials and methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Patients
	Definition of anal canal violation
	Therapeutic schemes
	Follow-up
	Statistical analyses

	Results
	Discussion
	Conclusion
	References


