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Abstract
Purpose Residual lymph node metastases (RLNM) remained a great concern in the implementation of organ-preserving 
strategies and led to poor prognosis in locally advanced rectal cancer (LARC). In this study, we aimed to identify the clinico-
pathological factors correlated with RLNM in LARC patients with ypT0-2 after neoadjuvant chemoradiotherapy (NCRT).
Methods We retrospectively analyzed 417 patients histologically diagnosed middle-low LARC after NCRT and total meso-
rectal excision (TME), whose pathological staging was ypT0-2. All patients received pelvic magnetic resonance imaging 
(MRI) before NCRT. The radiation doses were 50–50.6 Gy for the planning gross tumor volume and 41.8–45 Gy for the 
planning target volume, respectively. A nomogram for predicting RLNM was constructed using a binary logistic regression. 
Nomogram performance was assessed by receiver operating characteristic (ROC) curve, calibration curve, decision curve 
analysis (DCA) and clinical impact curve (CIC).
Results After surgery, 191 patients (45.8%) were ypT0, 43 patients (10.3%) were ypT1 and 183 patients (43.9%) were ypT2, 
and a total of 49 patients (11.8%) were found the presence of RLNM. Multivariable analyses identified MRI-defined meso-
rectal fascia (MRF)-positive, high-grade histopathology at biopsy, advanced ypT-category, and the presence of perineural 
invasion (PNI) as the predictive factors. The nomogram, incorporating all these predictors, showed good discrimination and 
calibration efficacy, with the areas under the ROC curve of 0.690 (95% CI: 0.610–0.771). Both DCA and CIC demonstrated 
that this nomogram has good clinical usefulness.
Conclusion The nomogram model can predict RLNM in patients with ypT0-2 tumors. It can help select suitable patients for 
performing organ-preserving strategies after NCRT.
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Introduction

For locally advanced rectal cancer (LARC), neoadjuvant 
chemoradiotherapy (NCRT) combined with radical surgery 
based on the principle of total mesorectal excision (TME) 
is one of the standard treatments. NCRT could reduce the 
local recurrence rate compared with TME alone (van Gijn 
et al. 2011). Despite the relatively favorable prognosis of 
this treatment strategy, a permanent stoma is often required 

following abdominoperineal resections in patients with 
middle-low LARC, and a temporary ostomy is required in 
70–90% of cases where middle or upper LARC patients 
receive low anterior resections (Roodbeen et al. 2021a; b; 
Snijders et al. 2013). Furthermore, a considerable proportion 
(about 10%) of temporary stomas were not reversed (Kim 
et al. 2016; Zhang et al. 2022). About 20–60% of patients 
also experienced genitourinary alterations, low anterior 
resection syndrome, sexual dysfunction, and a significantly 
diminished quality of life (Emmertsen and Laurberg 2012; 
Li et al. 2021; Marijnen et al. 2005; Wallner et al. 2008).

Therefore, the utilization of organ-preserving strategies, 
including local excision (LE) and watch-and-wait (W&W) 
strategy, has gradually gained widespread attention because 
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it can preserve the function of the anus. In LARC patients 
after NCRT, if the remnant primary tumor only infiltrated 
the muscle layer or more superficially layer, it could be 
removed through the LE technique. Notably, one recent 
study has reported high pathological complete response 
rates (44.3%) and significantly reduced postoperative com-
plications were observed in stage T2 and superficial T3 
tumors treated with NCRT and subsequent LE compared to 
TME (Serra-Aracil et al. 2023). The W&W strategy, is an 
appealing approach in rectal cancer patients who achieved 
clinically complete response (cCR) following NCRT (Habr-
Gama 2006; van der Valk et al. 2018). The OPRA study, 
which enrolled 324 patients, demonstrated that half of the 
patients achieved organ preservation through total neoadju-
vant therapy (TNT) and selective W&W without apparent 
harm to survival (Garcia-Aguilar et al. 2022). Additionally, 
our center’s prior research also confirmed that the combina-
tion of NCRT plus consolidation CAPEOX with intentional 
W&W or LE can lead to approximately two-thirds of organ 
preservation in MRI-defined low-risk rectal cancer patients 
(Wang et al. 2023).

However, residual lymph node metastases (RLNM) in 
the mesorectum remained a great concern as it posed an 
important risk of local and distant recurrence in patients 
with LARC (Haak et al. 2021; Yeo et al. 2010). Even in 
ypT0 rectal cancer patients after NCRT, positive RLNM still 
significantly reduced 5-year Disease-free survival (DFS) 
(88.5% vs. 45.2% for ypN0 vs. ypN+, p < 0.001), as shown 
by the Korean Radiation Oncology Group (KROG) (Yeo 
et al. 2010). A series of previous studies have confirmed that 
the incidence of RLNM varied in TME specimens with dif-
ferent ypT stage rectal cancers (Bosch et al. 2016; Kim et al. 
2006; Park et al. 2013; von den Grun et al. 2018). The key 
point of TME is to completely remove the intact mesorectum 
to avoid a positive resection margin and resect potentially 
metastatic mesorectal lymph nodes, and the quality of the 
surgery plane has been proven an important prognostic fac-
tor for local recurrence (Quirke 2003; Quirke et al. 2009). 
Though LE may achieve proper lateral and radial margins 
of the primary tumor, it failed to provide sufficient evidence 
for the absence of RLNM (Landmann et al. 2007). In the 
GRECCAR-2 study (Rullier et al. 2017), rectal carcinoma 
with good response after NCRT was considered suitable for 
LE. After LE, a TME was required for ypT2-3 tumors and 
patients with ypT0-1 had a follow-up. There is no difference 
in 5-year oncological outcomes between LE and TME (Rul-
lier et al. 2017).

Hence, in rectal cancer patients with ypT0-2 after NCRT, 
predicting RLNM and carefully selecting suitable individu-
als for organ-preserving strategies is especially significant. 
Tumor remnants in the bowel wall may provide histopatho-
logical risk factors for RLNM. Advanced ypT-stage, high-
grade histopathology and residual tumor diameter ≥ 10 mm 

have been proven to be prognostic factors for RLNM in 
ypT0-2 tumors after NCRT in previous studies (Bosch et al. 
2016; von den Grun et al. 2018). High-resolution mag-
netic resonance imaging (MRI) also played a crucial role 
in assessing primary tumor staging and response to treat-
ment, and some parameters of MRI, such as mesorectal fas-
cia (MRF) status and extramural venous invasion (EMVI) 
status have been proven to be correlated with prognosis in 
LARC patients after NCRT (Bates et al. 2022; Horvat et al. 
2019). However, standard T2-weighted MRI with diffusion-
weighted imaging (DWI) was still unable to accurately eval-
uate RLNM after NCRT (Al-Sukhni et al. 2012).

To further investigate the possible MRI parameters and 
other clinicopathologic factors that predict positive RLNM, 
thereby providing evidence in the real world for selecting 
patients suitable for organ-preserving strategies, we con-
ducted this retrospective study.

Methods

Patients selection

This retrospective study included patients with pathologi-
cally confirmed rectal cancer who were treated at our hos-
pital from December 2014 to October 2019. Patients should 
meet the following screening criteria: (1) pelvic MRI diag-
nosed locally advanced (cT3-4 N0 or cT any, N+); (2) the 
tumor located within 10 cm from the anal verge; (3) with-
out distant metastases established by radiological examina-
tion; (4) completed NCRT and surgical treatment with clear 
pathological results, and the pathological T stage was T0-2; 
(5) Eastern Cooperative Oncology Group (ECOG) score 
was 0–1 without serious medical comorbidities; and (6) 
age 18 years or older. The ethics committee of our hospital 
approved this study.

MRI assessment

All patients received high-resolution pelvic MRI before 
NCRT, which included T1, T2 and DWI. Enhanced 
sequences were also recommended without contraindica-
tions. The scanning layer thickness was 3–5 mm. Scanning 
perpendicular to the long axis of the rectal tumor was man-
datory (Beets-Tan et al. 2018). Clinical tumor stage, clini-
cal lymph node metastases, MRF, EMVI, tumor length and 
thickness were evaluated and recorded by the guidelines 
provided by the European Society for Medical Oncology 
(ESMO) and the European Society of Gastrointestinal and 
Abdominal Radiology consensus meeting (Beets-Tan et al. 
2018; Glynne-Jones et al. 2018). After NCRT, a pelvic MRI 
was scanned to evaluate tumor response.
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Neoadjuvant chemoradiotherapy

The simulations and target contour details have been previ-
ously described (Li et al. 2012; Zhang et al. 2021). Briefly, 
patients underwent enhanced CT-based simulation with a 
thermoplastic film in the supine position. Emptying the rec-
tum and filling the bladder were required to ensure consist-
ent positioning and protect the intestine from irradiation. 
MRI simulation was compulsory to obtain a more accurate 
tumor contour. Patients received the simultaneous integrated 
boost-intensity modulated radiation therapy, with the pri-
mary gross tumor volume (GTVp) delineated in the rectal 
tumor area confined by radiological examination. The clini-
cal target volume (CTV) included the mesenteric area, pre-
sacral space, internal iliac and obturator lymphatic drainage 
region. The GTVp and CTV were expanded by 5 mm in 
three dimensions, forming the planning gross tumor volume 
(PGTVp) and planning target volume (PTV), respectively. 
The prescription doses were 50–50.6 Gy for the PGTVp and 
41.8–45 Gy for PTV, in 22–25 fractions, respectively.

Patients received oral capecitabine with or without oxali-
platin during radiotherapy. Induction or consolidation chem-
otherapy based on the XELOX regimen was added to some 
patients with extremely strong preservation intentions after 
being fully informed of the benefits and risks. After complet-
ing NCRT, standard TME surgery was performed.

Histopathology examination

All patients received endoscopic biopsy at baseline. The his-
topathological type and differentiation grade were assessed 
according to WHO 2019 criteria (Nagtegaal et al. 2020). 
For statistical analysis, histopathological type/grade was 
categorized as high-grade (including poorly differentiated 
carcinoma, signet-ring cell carcinoma and undifferentiated 
carcinoma) and other (including well-moderately differenti-
ated carcinoma, mucinous carcinoma and adenosquamous 
carcinoma) (Bosch et al. 2016).

After NCRT followed by TME surgery, all resection 
specimens were examined by pathologists based on a stand-
ardized framework, using the International Union against 
Cancer/American Joint Committee on Cancer (UICC/
AJCC) staging system (8th edition) (Weiser 2018). Histo-
pathological type/grade, ypT/N staging, number of exam-
ined/involved lymph nodes, resection margin status, tumor 
regression grade (TRG) category, lympho-vascular invasion 
(tumor cells can be observed in blood vessels or lymphatic 
vessels), perineural invasion (PNI: the observation of extra-
neural tumor cells) and mismatch repair (MMR) proteins 
were all recorded (Huh et al. 2010). Loss of expression of 
either four proteins (MLH-1, MSH-2, MSH-6, and PMS-
2) is defined as deficient mismatch repair (dMMR), and all 
positive expression is proficient mismatch repair (pMMR) 

(Luchini et al. 2019). TRG category adopted a semiquantita-
tive four‐category system proposed by AJCC and the Col-
lege of American Pathologists (CAP) (Mace et al. 2015). 
According to the RAS/BRAF status, patients were divided 
into two groups: RAS and BRAF wild type or either RAS 
or BRAF mutant-type.

Statistical analyses

The Statistical Package for the Social Sciences for Windows 
(Version 24.0; IBM Corp., Armonk, NY, USA) and R 4.0.2 
were used to record clinicopathological data and perform 
statistical analysis. Pearson’s Chi-squared test or Fisher’s 
precision probability test were used for categorical variables 
to assess the association of clinicopathological character-
istics with ypN status (ypN0 and ypN+). Mann–Whitney 
U-test or independent-samples Kruskal–Wallis test were 
used for continuous variables. A p < 0.05 was set as signifi-
cant. Finally, binary logistic regression analysis calculating 
odds ratio (OR) including the parameters with a p < 0.05 
was performed according to a forward stepwise method. A 
nomogram for predicting RLNM was established based on 
the results of the multivariate analysis and by using the rms 
package in R. The discriminatory power and predictive accu-
racy of the nomogram were assessed by receiver operating 
characteristic (ROC) curve analyses and calibration curve, 
respectively. Calibration curve were internally validated with 
1000 bootstrapped resamples. The clinical usefulness and 
applicability net benefits of the nomogram were evaluated 
using decision curve analysis (DCA) and clinical impact 
curve (CIC) (Vickers et al. 2008).

Results

Patients characteristics

A total of 417 patients with ypT0-2 disease met the screen-
ing criteria and were included in the analysis. Of these 
patients, 191 patients (45.8%) were ypT0, 43 patients 
(10.3%) were ypT1 and 183 patients (43.9%) were ypT2. A 
total of 49 patients (11.8%) were found RLNM. The median 
age of the whole group of patients was 59 years, and 286 
patients (68.6%) were male. 190 patients (45.6%) had lower 
rectal cancer, and 91 (21.8%) had a cT4 tumor. Baseline 
MRI showed that MRF-positive and EMVI-positive were 
found in 163 (39.1%) and 174 patients (41.7%), respectively.

Clinical parameters and their association 
with residual lymph node metastases

A univariate analysis was conducted to show the associa-
tion with clinical parameters and RLNM and results are 
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presented in Table 1. The involvement of MRF had a sig-
nificant correlation with the presence of RLNM (RLNM 
rate: 17.2% vs. 8.3% for MRF-positive vs. MRF-negative, 

p = 0.006). There was also significant relevance between 
EMVI and RLNM (RLNM rate: 15.5% vs. 9.1% for 
EMVI-positive vs. EMVI-negative, p = 0.043). Baseline 

Table 1  Association of clinical 
parameters with residual lymph 
node metastases (N = 417)

CEA carcinoembryonic antigen, MRI magnetic resonance imaging, MRF mesorectal fasciae, EMVI extra-
mural venous invasion, CRT  concurrent chemoradiotherapy
*  Chi-square test
# Mann–Whitney U-test; p values were calculated after exclusion of missing cases

Clinical parameters ypN− ypN+ p value*

n % n %

No. of patients (%) 368 88.2 49 11.8
Age (median: 59 years, range: 25–82)
 >59 years 186 90.7 19 9.3 0.122
 ≤59 years 182 85.8 30 14.2

Gender
 Male 255 89.2 31 10.8 0.393
 Female 113 86.3 18 13.7

MRI-measured tumor length (mm)
 Median (range) 45.0 (14.0–125.0) 43.0 (30.0–90.0) 0.922#

MRI-measured tumor thickness (mm)
 Median (range) 15.0 (5.0–50.0) 15.0 (9.0–35.0) 0.820#

MRF
 Positive 135 82.8 28 17.2 0.006
 Negative 233 91.7 21 8.3

EMVI
 Positive 147 84.5 27 15.5 0.043
 Negative 221 90.9 22 9.1

Baseline CEA
 ≤5 ng/ml 217 90.8 22 9.2 0.053
 >5 ng/ml 117 84.2 22 15.8
 Missing 34 – 5 –

Tumor localization (distance to anal verge)
 <5 cm 172 90.5 18 9.5 0.187
 ≥5–10 cm 196 86.3 31 13.7

cT category
 cT2 11 91.7 1 8.3 0.277
 cT3 281 89.5 33 10.5
 cT4 76 83.5 15 16.5

cN category
 cN0 20 100.0 0 0 0.122
 cN1 144 90.0 16 10.0
 cN2 204 86.1 33 13.9

Induction chemotherapy before CRT 
 Yes 42 91.3 4 8.7 0.495
 No 326 87.9 45 12.1

Consolidation chemotherapy after CRT 
 Yes 39 83.0 8 17.0 0.234
 No 329 89.9 41 11.1

Type of concurrent chemotherapy
 Capecitabine only 51 91.1 5 8.9 0.481
 Xelox 317 87.8 44 12.2
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carcinoembryonic antigen (CEA) showed a trend towards 
correlation with RLNM (RLNM rate: 15.8% vs. 9.2% for 
baseline CEA > 5 ng/ml vs. CEA ≤ 5 ng/ml, p = 0.053).

The median tumor length and thickness measured by 
MRI were 45.0 mm and 15.0 mm, respectively. MRI-
measured tumor length or tumor thickness, age, gender, 
cT category, cN category, tumor location and the use of 
induction or consolidation chemotherapy were not found 
to be significantly associated with the presence of RLNM 
(all p > 0.05).

Histopathological parameters and their association 
with residual lymph node metastases

The association between histopathological parameters and 
RLNM using univariate analysis is shown in Table 2. The 
median number of examined lymph nodes per patient of the 
whole group was 8 (range: 0–34). No significant difference 
was observed in the median number of examined lymph 
nodes between ypN0 and ypN+ [median: 8 (range: 0–34) 
vs. 8 (range: 1–18), p = 0.746].

Histopathological type/grade was assessed at biopsy 
before treatment. Of the 417 whole group patients, 25 (6.0%) 
were high-grade, including 23 with poorly differentiated car-
cinoma and 2 with signet-ring cell carcinoma. The remain-
ing 392 patients (94.0%) had other histopathology, including 
well-moderately differentiated carcinoma (n = 384), muci-
nous carcinoma (n = 7), and adenosquamous carcinoma 
(n = 1). High-grade histopathology at biopsy significantly 
predicted the presence of RLNM (RLNM rate: 32.0% vs. 
10.5% for high-grade vs. other histopathology, p = 0.005).

RLNM was significantly correlated with advanced ypT 
category (RLNM rate: 8.4%, 2.3% and 17.5% for ypT0, ypT1 
and ypT2, respectively, p = 0.003; and RLNM rate 7.3% vs. 
17.5% for ypT0-1 and T2, p = 0.001), higher TRG (RLNM 
rate: 8.6%, 9.6%, 22.2% and 20.0% for TRG0, TRG1, TRG2 
and TRG3, respectively, p = 0.007; and RLNM rate 9.1% vs. 
22.1% for TRG0-1 and TRG2-3, p = 0.001), and present PNI 
(RLNM rate: 11.3% vs. 42.9% for PNI absent and present, 
p = 0.039).

In TME specimens after NCRT, high-grade histopathol-
ogy was found in 5 patients (1.2%) and other histopathol-
ogy type/grade was found in 221 patients (53.0%) (The 
remaining 191 patients were ypT0). Two patients (one had 
RLNM) were moderately differentiated at biopsy but poorly 
differentiated in TME specimens. Histopathological grade at 
surgical specimens and lympho-vascular invasion were not 
found related to RLNM (RLNM rate: 40.0% vs. 14.0% for 
high-grade vs. other histopathology, p = 0.156; RLNM rate: 
11.8% vs. 20.0% for lympho-vascular invasion absent and 
present, p = 0.470). MMR and RAS/BRAF status were also 
not predictors for RLNM.

Table 2  Association of histopathological parameters with residual 
lymph node metastases (N = 417)

TRG  tumor regression grade, PNI perineural invasion, MMR mis-
match repair, dMMR deficient mismatch repair, pMMR proficient 
mismatch repair
*  Chi-square test unless stated otherwise
#  Mann–Whitney U-test; p values were calculated after exclusion of 
unknowing/missing cases
†  ypT0-1 vs. vs. ypT2
‡  TRG0-1 vs. TRG2-3
§  Histopathological type/grade obtained at baseline biopsy and surgi-
cal specimens. In baseline biopsy, high histopathological type/grade 
includes poorly differentiated carcinoma (n = 23) and signet-ring cell 
carcinoma (n = 2). Other histopathological type/grade includes well-
moderately differentiated carcinoma (n = 384), mucinous carcinoma 
(n = 7), and adenosquamous carcinoma (n = 1). In surgical specimens, 
high-grade histopathology includes poorly differentiated carcinoma 
(n = 5), and other histopathology includes well-moderately differenti-
ated carcinoma (n = 219) and mucinous carcinoma (n = 2)

Histopathological param-
eters

ypN0 ypN+ p value*

n % n %

No. of patients (%) 368 88.2 49 11.8
No. of examined lymph nodes
 Median (range) 8 (0–34) 8 (1–18) 0.746#

ypT
 ypT0 175 91.6 16 8.4 0.003
 ypT1 42 97.7 1 2.3 0.001†

 ypT2 151 82.5 32 17.5
Histopathological type/grade at  biopsy§

 High-grade 17 68.0 8 32.0 0.005
 Other 351 89.5 41 10.5

Histopathological type/grade at surgical  specimens§

 High-grade 3 60.0 2 40.0 0.156
 Other 190 86.0 31 14.0

TRG category
 TRG 0 169 91.4 16 8.6 0.007#

 TRG 1 132 90.4 14 9.6 0.001‡

 TRG 2 63 77.8 18 22.2
 TRG 3 4 80.0 1 20.0

Lympho-vascular invasion
 Present 4 80.0 1 20.0 0.470
 Absent 360 88.2 48 11.8
 Missing 4 100.0 0 0

PNI
 Present 4 57.1 3 42.9 0.039
 Absent 360 88.7 46 11.3
 Missing 4 – 0 –

MMR status
 dMMR 73 79.3 19 20.7 0.593
 pMMR 6 100 0 0
 Unknown 289 – 30 –

RAS/BRAF status
 Wild-type 25 64.1 14 35.9 0.093
 Mutant-type 17 85.0 3 15.0
 Unknown 326 – 32 –
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Multivariate analysis results

The clinical and histopathological factors significantly asso-
ciated with RLNM in the univariate analysis were further 
analyzed in a multivariable analysis using binary logistic 
regression (Table 3). The multivariate analysis revealed that 
MRF-positive (OR 2.08, 95% CI 1.11–3.90, p = 0.022), high-
grade histopathology at biopsy (OR 3.77, 95% CI 1.46–9.72, 
p = 0.006), advanced ypT-category (ypT2 vs. ypT0-1, OR 
2.48, 95% CI 1.31–4.72, p = 0.006), and the presence of PNI 
(OR 5.03, 95% CI 1.05–24.11, p = 0.044) were proven to be 
significant and independent predictors for RLNM.

Nomogram model establishment and validation

Based on the results of multivariate analysis, a nomogram 
combined all significant independent factors to predict 
RLNM was constructed and shown in Fig. 1a. The ROC 
curve of the nomogram is presented in Fig. 1b. The area 
under the ROC curve was 0.690 (95% CI: 0.610–0.771). 
Remarkably, the calibration plot for the risk of RLNM 
showed good consistency between the nomogram predic-
tion and actual observation (Fig. 1c).

The results of DCA demonstrated that the use of the 
nomogram model to predict the risk of RLNM would bring 
more net benefit when the threshold probabilities ranged 
from 5 to 50%, indicating a good potential for clinical uti-
lization (Fig. 2a). Additionally, the CIC provided a visual 
representation of the estimated number of patients at high 
risk (the number of patients with positive RLNM predicted 
by the nomogram) and actual numbers for each risk thresh-
old (Fig. 2b).

Performance of the nomogram model

Under the combination of different risk factors, we provided 
the risk probability of RLNM predicted by the nomogram 
model and the actual rate of RLNM in Table 4. It can be 
seen that the risk probability predicted by the nomogram 

is close to the actual occurrence rate. If a patient does not 
have any of the four risk factors, the risk of RLNM is less 
than 5%. And, in cases of other histopathology grade/type 
and absent PNI, if a patient had ypT2 and negative MRF 
status or ypT0-1 and positive MRF status, the risk of RLNM 
ranges from 5 to 15%. In other situations, the risk of RLNM 
exceeds 15%.

Discussion

In this study, we intended to identify MRI parameters and 
other clinicopathological factors correlated with RLNM in 
a cohort of 417 LARC patients with ypT0-2 after chemo-
radiotherapy. By multivariable analysis, we developed a 
novel nomogram for predicting RLNM, and the nomogram 
was constructed by four variables, including baseline MRI-
defined positive MRF status, high-grade histopathology 
at biopsy, advanced ypT stage and presence of PNI. The 
nomogram had good discrimination and calibration efficacy 
and showed good clinical usefulness. This tool will make it 
easier to predict RLNM in clinical practice and assist physi-
cians in determining the most appropriate strategy for their 
patients.

In recent years, the feasibility of organ preservation strat-
egies has been substantiated by various prospective rand-
omized controlled studies (Garcia-Aguilar et al. 2022; Rul-
lier et al. 2017; Serra-Aracil et al. 2023; Wang et al. 2023). 
The GRECCAR-2 phase 3 trial proved in carefully selected 
patients with ypT0-1, the local recurrence rate of LE was not 
significantly different from that of TME (Rullier et al. 2017). 
However, the lack of precise evaluation in lymph nodes in 
the mesorectum in LE or W&W was a major limitation. 
The incidence of RLNM was variable after TME in differ-
ent ypT stages (ypT0: 2.2–17.4%; ypT1: 7.7–20.8%; ypT2: 
16.9–25.8%, ypT3-T4: 43.9–49.0%) (Bosch et al. 2016; Kim 
et al. 2006; Park et al. 2013; von den Grun et al. 2018). It has 
been demonstrated that RLNM displayed a highly aggres-
sive tumor phenotype that was resistant to NCRT (Fokas 
et al. 2020) and was highly correlated with poor prognosis 
and adverse outcomes (Huebner et al. 2012). The risk of 
RLNM, therefore, has hindered the further implementation 
of intentional organ preservation strategies.

To our best knowledge, few studies have studied the rela-
tionship between MRI parameters and RLNM. MRI has 
become an integral part of the baseline staging and treat-
ment planning in rectal cancer. However, the accuracy of 
MRF in identifying lymph nodes was still unsatisfactory, 
particularly in restaging N after NCRT (Al-Sukhni et al. 
2012; Bates et al. 2022; Taylor et al. 2014). A meta-analysis 
has demonstrated that the sensitivity and specificity of MRI 
in identifying metastatic lymph nodes were 0.690–0.840 
and 0.590–0.810, respectively (Al-Sukhni et  al. 2012). 

Table 3  Multivariable analysis of the clinical and histopathological 
characteristics with residual lymph node metastases

MRF mesorectal fasciae, PNI perineural invasion
*  Binary logistic regression using a forward stepwise method; p val-
ues were calculated after the exclusion of missing cases
§  Histopathology type/grade was assessed at biopsy

Odds ratio (95% CI) p value*

MRF (positive vs. negative) 2.08 (1.11–3.90) 0.022
Histopathology (high-grade vs. 

other)§
3.77 (1.46–9.72) 0.006

ypT category (ypT2 vs. ypT0-1) 2.48 (1.31–4.72) 0.006
PNI (present vs. absent) 5.03 (1.05–24.11) 0.044
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Therefore, the predicted value of other risk features in MRI 
for RLNM may be considered, such as MRF status. MRF 
involvement implies that tumor cells have extended beyond 
the rectal wall and invaded the mesorectal fascia, thereby 
increasing the likelihood of spreading to lymph nodes. In 
the MERCURY study, patients who were MRF positive had 

a higher rate of RLNM than those who were MRF nega-
tive (67.9% vs. 37.7%) (Taylor et al. 2014). It is notewor-
thy that 57.8% of patients in the MERCURY study were 
accepted with primary surgery without NCRT. In our study, 
the rate of RLNM was 8.3% and 17.2% for MRF-negative 
and MRF-positive, respectively (p = 0.006), indicating the 

Fig. 1  The nomogram to predict RLNM, receiver operating charac-
teristic (ROC) curve and calibration curve for the nomogram. a The 
nomogram to predict RLNM, combining histopathology grade at 
biopsy, MRI-defined MRF status, ypT stage and perineural invasion. 

b The ROC curve of the nomogram. The area under the curve was 
0.690 (95% CI: 0.610–0.771). c The calibration curve of the nomo-
gram. The 45° straight line represents the perfect match between the 
actual (Y-axis) and nomogram-predicted (X-axis) probabilities
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relative reliability of baseline MRF in predicting RLNM 
after NCRT. Furthermore, cT3 and MRF-positive were also 
classified as advanced (Ugly) in the risk stratification of 
rectal cancer recommended by ESMO (Glynne-Jones et al. 
2018).

With a considerable proportion of patients (32.0%) 
found to have RLNM, high-grade histopathology at base-
line biopsy was identified as a powerful independent pre-
dictor in our multivariate analysis. Prior studies examining 
rectal cancer with ypT0-2 status after NCRT and surgery 
have similarly concluded that high tumor grade was associ-
ated with RLNM (Bosch et al. 2016; von den Grun et al. 
2018). However, the two studies assessed tumor type/grade 
in surgical specimens only, lacking the data of tumor grade 
before treatment, probably due to a small amount of biopsy 
tissue. Meanwhile, the histological grade/type of patients 
with ypT0 could only be estimated based on baseline biopsy. 

Using the National Cancer Database, a study of 4170 rectal 
cancer patients with ypT0 tumors found that tumor grade at 
baseline biopsy was strongly correlated with RLNM (Bau-
com et al. 2017). Therefore, it may be tentatively concluded 
that patients with high tumor grade at preoperative biopsy 
were at relatively high risk of RLNM.

PNI was associated with an increasing risk of local 
recurrence in patients with rectal cancer in previous stud-
ies (Kim et al. 2022a, b; Liebig et al. 2009). In a study 
of 4170 rectal cancer patients with ypT0, the presence 
of PNI was highly correlated with RLNM, with an inci-
dence of PNI at 0.3% and an RLNM risk of 41.7% in PNI 
(+) cases (Baucom et al. 2017). Another study analyzing 
a cohort of 1156 rectal cancer patients found that PNI 
occurred in 2.1% of ypT0-2 cases and 21.6% of ypT3-4 
cases, and RLNM was found in 54.7% of PNI-present 
cases (Kim et al. 2022b). By comparison, in this analysis, 

Fig. 2  The decision curve analysis (DCA) and clinical impact curve 
(CIC) for the nomogram model to predict RLNM a DCA; The net 
benefit curve for the nomogram is shown. The Y-axis indicates the net 
benefit and the X-axis indicates the threshold probability for critical 
outcome that we chose from 0 to 0.5. The black line represents the 
assumption that none have RLNM, and the grey line represents the 

assumption that all cases have RLNM. b CIC; CIC is a representa-
tion of the estimated number of positive RLNM (high-risk) patients 
predicted by the nomogram and actual positive RLNM numbers for 
each risk threshold. For example, when using a 15% risk threshold for 
1000 screened patients, the nomogram model predicted 235 patients 
had RLNM, whereas about 55 patients were actually positive

Table 4  The risk predicted 
by the nomogram and the 
actual rate of RLNM under a 
combination of risk factors

*  4 patients were not included due to loss of PNI status
§  Histopathology type/grade was assessed at biopsy

The risk of RLNM pre-
dicted by nomogram

Risk factors
Total N = 413*

The actual rate 
of RLNM % 
(n/N)

Histopathology 
grade/type§

PNI status ypT stage MRF status

<5% Other Absent T0-1 Negative 4.9% (7/143)
5–15% Other Absent T2 Negative 10.6% (10/94)

Other Absent T0-1 Positive 11.4% (9/79)
>15% Other Absent T2 Positive 16.0% (12/66)

Other Present Any Any 42.9% (3/7)
High-grade Absent Any Any 33.3% (8/24)
High-grade Present Any Any No actual case
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the incidence of PNI was 1.7% and the RLNM risk was 
42.9% in PNI-present cases. Though the occurrence of PNI 
is quite rare, PNI may be a histopathological independent 
risk factor for RLNM among patients with ypT0-2. Of 
course, further prospective studies are needed to confirm 
the value of PNI in predicting RLNM.

There is no consensus on which threshold probability 
of RLNM that a patient could accept organ preservation 
strategies. To some extent, executing TME or organ pres-
ervation strategy may depend on individual choice and risk 
preferences. As researchers are concerned, the results of 
the GRECCAR-2 study revealed LE plus completion TME 
would increase morbidity and side effects compared to LE 
only and single TME (Rullier et al. 2017), which may com-
promise the potential advantages of LE. However, several 
prospective cohort studies, including the CARTS study 
(Stijns et al. 2019) and the TAU-TEM study (Serra-Aracil 
et al. 2023), have proven LE after NCRT could preserve 
organ function and improve the quality of life. Therefore, 
our nomogram model can be used to identify patients’ 
risk for RLNM through commonly used clinicopathologi-
cal indicators and to help clinicians make better clinical 
decisions on whether to perform organ preservation strat-
egies. As the results shown in Fig. 1a and Table 4, we 
initially suggest organ preservation may be a safe option 
for patients whose predicted probability is less than 5%. In 
contrast, in the subgroup of the predicted risk probability 
is more than 15%, TME may be a mandatory option in 
these patients. In addition, when the risk ranges from 5 
to 15%, organ preservation may be practicable under the 
consideration of caution and close follow-up.

We recognized this study had some limitations that 
should be taken into consideration. First, it was a single-
center, retrospective study with selection bias and an insuf-
ficient sample size, lacking external validation. We need 
a prospective and multicenter study to consolidate our 
findings. We used modern MRI technology in our study, 
and more imaging modalities may be more helpful in pre-
dicting RLNM. Besides, we lack the necessary tools to 
match postoperative RLNM and lymph node distribution 
in preoperative MRI, thus it is difficult to conduct a node-
to-node evaluation. Additionally, the data of the propor-
tion and diameter of residual tumors were not available, 
owing to there being few records of these two data in the 
pathological reports of our center before 2019. Moreo-
ver, the areas under the ROC curve may be unsatisfactory, 
further research is still needed to enhance the predictive 
performance of the model. In addition, RLNM as a sur-
rogate endpoint could not directly replace DFS and over-
all survival, long-term follow-up is still needed to further 
confirm our findings. We have recognized this limitation 
and will further supplement the data in future research.

Conclusion

In summary, we developed a nomogram model that pre-
dicted RLNM probabilities in patients with ypT0-2 tumors. 
Based on four parameters, our nomogram model may be a 
valuable complement in predicting RLNM and assist in the 
decision-making process regarding organ preservation strat-
egies in patients with LARC after NCRT. Certainly, this is a 
retrospective study with a limited sample size, we still need 
external validation and further prospective and multicenter 
study to consolidate our findings.
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