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BACKGROUND: The prediction of lymph node 
status using MRI has an impact on the management 
of rectal cancer, both before and after preoperative 
chemoradiotherapy.

OBJECTIVE: The purpose of this study was to maximize 
the negative predictive value and sensitivity of mesorectal 
lymph node imaging after chemoradiotherapy because 
postchemoradiation node-negative patients may be 
treated with rectum-sparing approaches.

DESIGN: This was a retrospective study.

SETTINGS: The study was conducted at a tertiary care 
hospital.

PATIENTS: Sixty-four patients with locally 
advanced rectal cancer who underwent preoperative 
chemoradiotherapy and MRI for staging and the 
assessment of response were evaluated.

MAIN OUTCOME MEASURES: The sums of the sizes 
of all mesorectal lymph nodes in each patient on both 
prechemoradiotherapy and postchemoradiotherapy imaging 

data sets were calculated to determine the lymph node global 
size reduction rates, taking these to be the outcomes of the 
histopathologic findings. Other included measures were 
interobserver agreement regarding the prediction of node 
status based on morphologic criteria and the diagnostic 
performance of contrast-enhanced images.

RESULTS: Using a cutoff value of a 70% lymph node 
global size reduction rate with only 15 node-positive 
patients on histopathology, the sensitivity in the 
prediction of nodal status and negative predictive value 
were 93% (95% CI, 70.2%–98.8%) and 97% (95% CI, 
82.9%–99.8%) for observer 1 and 100% (95% CI, 79.6%–
100%) and 100% (95% CI, 62.9%–100%) for observer 
2. The areas under the receiver operating characteristic 
curves for the 2 observers were 0.90 (95% CI, 0.82–0.98; 
p < 0.0001) for observer 1 and 0.65 (95% CI, 0.50–0.79; 
p = 0.08) for observer 2. The efficacy of the morphologic 
criteria and contrast-enhanced images in predicting node 
status was limited after chemoradiotherapy.

LIMITATIONS: This study is limited by its small sample 
size and retrospective nature.

CONCLUSIONS: Assessing the lymph node global size 
reduction rate value reduces the risk of undetected nodal 
metastases and may be helpful in better identifying 
suitable candidates for the local excision of early stage 
rectal cancer. See Video Abstract at http://links.lww.com/
DCR/A412.
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Preoperative chemoradiotherapy (pCRT), followed 
by total mesorectal excision (TME), is the standard 
of care for patients with midlow locally advanced 

rectal cancer (LARC).1 This approach leads to improved 
local control, with an expected rate of local relapse of 6%.2 
The use of pCRT induces the downsizing and downstag-
ing of the primary tumor, yielding a pathologic inter-
mediate (ypT1–2N0) or complete response (ypT0N0) in 
27% to 29% and 18% to 19% of patients.3,4 Because the 
combined pCRT and TME approach carries a relevant risk 
of perioperative and postoperative morbidity and may 
impact negatively health-related quality of life,5 rectum-
sparing approaches, such as transanal local excision6,7 or 
a wait-and-see policy,8 have been proposed as alternative 
treatments to TME surgery for patients showing a major 
or complete clinical response after pCRT.

A major concern regarding rectum-sparing approach-
es is related to the risk of leaving metastatic lymph nodes 
(LNs) in the mesorectum. This risk is associated with the 
ypT stage (2.0%–9.1% for ypT0 tumors, 15.0%–17.1% for 
ypT1 tumors, and 17.0%–20.8% for ypT2 tumors).9–11 An 
accurate assessment of nodal status via MRI therefore plays 
a key role in the management of rectal cancer after pCRT.

Studies on MRI use for local restaging after pCRT 
have reported considerable differences in methodologic 
analysis and results in terms of assessing LN status in both 
the pre-pCRT and post-pCRT staging of LARC.12–16 Indi-
vidual nodal staging via imaging is mainly based on the 
use of size, internal signal, and border contour charac-
teristics. It is widely accepted that individual LN size and 
morphologic criteria are not accurate predictors of nodal 
status after pCRT and may lead to inaccurate MRI LN re-
staging.17,18 Moreover, most studies in this field have not 
focused on the negative predictive value (NPV) of stag-
ing imaging, which is crucial when a rectum-sparing ap-
proach is planned. Our study is based on the hypothesis 
that the downsizing of mesorectal LNs, as a whole, may 
predict the LN status after pCRT in LARC.

The primary goal of our retrospective study was to 
maximize the NPV and sensitivity of MRI for the restaging 
of local LNs, calculating the sums of the short diameters of 
all mesorectal LNs in each patient in both the pre-pCRT 
and post-pCRT MRI data sets to determine the pre-pCRT 
and post-pCRT LN global sizes and the LN global size re-
duction rates (∆LN global size). The secondary goals were 
interobserver reproducibility assessment and evaluating 
the usefulness of gadolinium-enhanced MRI sequences in 
determining LN status after pCRT.

PATIENTS AND METHODS

Patient Selection
The local institutional review board waived informed con-
sent for the retrospective review of clinical patient data. 

The inclusion criteria for our study were biopsy-proved 
midlow (<11 cm from the anal verge) adenocarcinoma of 
the rectum, TNM clinical stage II or III, an Eastern Coop-
erative Oncology Group performance status of 0 to 2, and 
having been treated with pCRT. Patients who did not un-
dergo both pre-pCRT and post-pCRT MRI at our institu-
tion were excluded, as were those who did not undergo 
radical surgery. The workup included a clinical history 
and physical examination, proctoscopy and colonoscopy, 
CEA assay, thoracic and abdominal CT, and pelvic MRI. 
Between January 2009 and November 2015, 140 consecu-
tive patients with LARC underwent pCRT. Of these pa-
tients, 63 were excluded because they did not undergo 
both pre-pCRT and post-pCRT MRI at our institution, 
and 13 were excluded because they underwent a local ex-
cision treatment. The remaining 64 patients formed the 
study group.

Treatments
External beam radiotherapy was delivered in fractions 
of 1.8 Gy per day (total dose, 50.4 Gy). Patients received 
concomitant fluoropyrimidine-based chemotherapy ad-
ministered in a bolus, via a continuous venous infusion, 
or via oral capecitabine. Local restaging was performed 
≥4 weeks after the completion of pCRT and included 
pelvic MRI and proctoscopy. Surgery was performed  
using the TME technique, as described elsewhere,19  
and was scheduled for 6 to 8 weeks after the completion 
of pCRT.

Histopathology
Using the protocol from Quirke et al,20 the surgical speci-
men was evaluated by the same team of pathologists, and 
the findings were reported according to the American 
Joint Committee on Cancer postchemoradiotherapy tu-
mor–node–metastasis (ypTNM) classification.21

Imaging Technique and Evaluation
MRI was performed with a 1.5-Tesla unit (Avanto; Sie-
mens, Erlangen, Germany) with phased-array body coils. 
The patients assumed the supine position. Each series of 
images included the following: 1) sagittal, oblique coronal 
(parallel to the long axis of the rectal cancer), and oblique 
axial (perpendicular to the long axis of the rectal can-
cer) T2-weighted images, with a repetition time of 3790 
to 5354 ms, an echo time of 95 ms, a 3- to 4-mm section 
thickness, a field of view of 320 × 286 mm, and an image 
matrix of 320 × 257 and 2) precontrast oblique axial, con-
trast-enhanced oblique coronal, and axial fat-suppressed 
T1-weighted images, with a repetition time of 562 ms, an 
echo time of 4.6 ms, a flip angle of 70°, a 3- to 4-mm sec-
tion thickness, a field of view of 330 × 289 mm, and a ma-
trix of 320 × 210. Contrast-enhanced T1-weighted images 
were obtained after 60 s of intravenous administration of 
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a gadolinium-based contrast material (0.2 mL/kg up to a 
maximum of 16 mL, flow rate 2.0–2.5 mL/s, Omniscan; 
GE Healthcare AS, Oslo, Norway), followed by a 20-mL 
saline flush.

All of the studies were reviewed by 2 independent 
radiologists with different levels of experience in reading 
MRIs. Observer 1 (F.P.) had 9 years of experience in in-
terpreting abdominal and pelvic MRIs. Observer 2 (F.C.) 
was a specialist registrar with only very limited experi-
ence in reading rectal cancer MRIs (<1 year). The less-
expert reader was first trained in reading rectal MRIs by 
an MRI pelvic reader with 5 years of experience (C.L.) 
and familiarized with the nodal staging criteria for rectal 
MRIs using cases that were not included in the current 
study.

Each radiologist knew that the patients had been 
referred for rectal cancer staging but was blinded of the 
other radiologist’s findings and unaware of the final oper-
ative and histopathologic findings. All of the T2-weighted 
images were reviewed at a workstation and assessed for 
mesorectal LN number, size, and morphology. The short 
diameter of each LN was measured in the transverse im-
aging plane, which was angled exactly perpendicular to 
the long axis of the rectal tumor. The criteria used to 
assess LN morphology included the LN signal intensity  
(ie, heterogeneous or homogeneous) and border contour 
characteristics (ie, irregular or sharp).14,22 An LN with 
 either an irregular border or a heterogeneous signal in-
tensity was regarded as positive, and an LN was regarded 
as negative if a sharp border and homogeneous signal in-
tensity were demonstrated. The prediction of LN status 
was assessed by calculating the sum of the measures of 
the short diameter of all mesorectal LNs in each patient 
in both the pre-pCRT and post-pCRT data sets to deter-
mine the pre-pCRT and post-pCRT LN global sizes and 
the ∆LN global size.

After the analysis of the pre-pCRT and post-pCRT 
MRI was completed, to assess the interobserver agree-
ment, all of the images were reviewed together by the  
2 observers to enable the matching of the individual LNs. 
The procedure was made possible by relating the size and 
position of each node to the rectal wall, mesorectal fascia, 
other LNs, and blood vessels. In this manner, lesion-by-
lesion analysis of the mesorectal LNs could be performed 
with certainty. Taking histopathology as the reference 
standard, the above morphologic criteria of the matched 
LNs on the post-pCRT data sets were also used to predict 
ypN status. In an exploratory analysis, for the first 26 study 
patients, the ∆LN global size was also calculated based on 
the contrast-enhanced T1-weighted images.

Statistical Analysis
All of the continuous variables had nonnormal distri-
butions (assessed with the Kolgomorov–Smirnov test). 

Data were consecutively reported as medians (range) 
for continuous variables and numbers (and percent-
ages) for categorical variables and compared using the 
Mann–Whitney (independent variables), Wilcoxon 
rank-sum test (dependent), and χ2 (categorical) tests. 
The observer agreement regarding LN morphology and 
the degree of agreement between post-pCRT MRI and 
ypN stage were calculated using Cohen κ test.23 Values 
between 0 and 0.20 corresponded with slight agree-
ment, those between 0.21 and 0.40 with fair agreement, 
those between 0.41 and 0.60 with moderate agreement, 
those between 0.61 and 0.80 with substantial agree-
ment, and those between 0.81 and 1.0 with near-perfect 
agreement.24

The receiver operator characteristic curves were cal-
culated using the trapezoidal rule and analyzed to com-
pare the sensitivity and specificity of the various ∆LN 
global size estimates (observers 1 and 2), taking the ab-
sence of disease at histopathology as the outcome. For 
possible important cutoff values (reductions of 50%, 
60%, and 70% vs baseline), the relative areas under the 
curve (AUCs), sensitivities, specificities, positive predic-
tive values, and NPVs with 95% CIs (using the Wilson 
score CIs for a proportion) were reported. Similarly, the 
ability of the ∆LN global size to estimate the absence 
of disease in T2- vs T1-weighted images was compared 
using the AUCs for both observers. The AUCs were 
compared in agreement with the method described by 
DeLong et al.25

A logistic regression analysis was run taking as out-
come the presence/absence of disease and as exposure 
the ∆LN global size for both observers. The estimates for 
the ∆LN global size (reported as β ± SE, and OR with 
95% CI was also adjusted for other factors potentially as-
sociated with the outcome, eg, age, sex, tumor location, 
and surgical procedure). Statistical significance was set 
at p ≤ 0.05. The statistical analyses were carried out with 
SPSS 21.0.

RESULTS

Patients and Treatments
The demographic characteristics, tumor location, surgi-
cal procedures undergone, and histopathologic findings 
of the study group are summarized in Table 1. Of the 64 
patients evaluated, 49 (76.5%) showed ypN0 status, and 8 
(12.5%) had a complete pathologic response (ypT0N0).

LN Number and Size
The total LN counts for the pre-pCRT and post-pCRT 
MRIs were 365 and 147 for observer 1 and 541 and 387 for 
observer 2. pCRT significantly reduced LN number, size, 
and global size for both observers (p < 0.0001; Table 2). 
Although the individual LN size was not significantly 
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 different between the 2 observers for pre-pCRT (p = 0.85) 
or post-pCRT MRI (p = 0.74), the LN global size measure-
ment was significantly higher for observer 2 (p < 0.0001) 
on both examinations because he counted significantly 
more LNs (p < 0.0001) than observer 1 (Table 2).

After pCRT, LN number and size were significantly 
different between ypN0 and ypN+ patients for observer 
1 (p < 0.0001). In contrast, these were not different for 
observer 2 (p = 0.94 and 0.71), who counted more LNs 
in the ypN0 group, likely misinterpreting structures with 

similar sizes and morphologies, such as blood vessels or 
areas of fibrotic residue, as LNs (Table 3). On the contrary, 
the initial TNM stage (stage II vs III) did not affect the 
∆LN global size for either observer (observer 1: 84.3% ± 
20.0% for stage II vs 68.5% ± 26.4%, p = 0.07; observer 2: 
58.0% ± 31.6% for stage II vs 53.8% ± 15.2%, p = 0.51). 
The analysis of LN number and size for ypN0 and ypN+ 
patients showed no significant difference between the 2 
observers (p > 0.30), except in LN number for the ypN0 
group (p < 0.0001), probably because pCRT changes in LN 
number were of a higher degree for the ypN0 group than 
for the ypN+ group, increasing the risk of misdiagnosis 
during local nodal assessment (Table 3).

The ∆LN global size performance, using various cut-
off values for comparison with the final histopathologic 
evaluation, is shown in Table 4. With a cutoff of 70%, the 
NPV rate was 97.1% (95% CI, 82.9%–99.8%) for observer 
1, corresponding to 1 false-negative case (Fig. 1), and 100% 
(95% CI, 62.9%–100%) for observer 2. The AUCs for the 
2 observers were 0.90 (95% CI, 0.82–0.98; p < 0.0001) for 
observer 1 and 0.65 (95% CI, 0.50–0.79; p = 0.08) for ob-
server 2.

Using a logistic regression analysis and taking as out-
come the presence of disease, the ∆LN global size was 
associated with a decreased risk of having disease for 
observer 1 (β = –0.09 ± 0.02; OR = 0.92; 95% CI, 0.88–
0.96; p <0.0001) but not for observer 2 (β = –0.02 ± 0.02; 
OR = 0.98; 95% CI, 0.95–1.01; p = 0.15). Similar find-
ings were evident after adjusting for age, sex, tumor loca-
tion, and surgical procedure (observer 1: β = –0.10 ± 0.03; 
OR = 0.91; 95% CI, 0.86–0.96, p < 0.0001; observer 2: 
β = –0.03 ± 0.02; OR = 0.97; 95% CI, 0.93–1.01; p = 0.08).

LN Morphology Criteria
Using pre-pCRT and post-pCRT MRI, the 2 independent 
observers evaluated the same 197 and 92 LNs for signal 
intensity and border characteristics on T2-weighted MRI. 
The interobserver agreement (κ value) for assigning nodes 
into positive or negative groups based on this model was 
poor for both the pre-pCRT (κ = 0.00 ± 0.03 (95% CI, 
0.00–0.06); p = 0.80 for signal and 0.05 ± 0.05 (95% CI, 
0.00–0.10); p = 0.54 for borders) and post-pCRT MRI 
(0.30 ± 0.25 (95% CI, 0.00–0.80); p = 0.15 for signals and 
0.05 ± 0.15 (95% CI, 0.00–0.35); p = 0.90 for borders). The 
κ values tended to be higher for LNs ≥5 mm for determin-
ing the signal intensity and border characteristics only be-
fore pCRT (κ = 0.50 ± 0.15 (95% CI, 0.20–0.80), p = 0.002 
for signal and κ = 0.36 ± 0.16 (95% CI, 0.04–0.68), p = 0.04 
for borders). LN morphology after pCRT did not correlate 
with histopathology for either observer (all p > 0.05).

Contrast-Enhanced MRI
To investigate whether contrast-enhanced T1-weighted 
images were valuable for the preoperative assessment of 

TABLE 1.   Clinical and Pathological Features of Patients

Characteristic Value

Age, median (range), y 63 (35–83)
Sex, n (%)  
  Men 46 (71.8)
  Women 18 (28.1)
Tumor location, n (%)  
  Low rectum (<7 cm from anal verge) 34 (53.1)
  Mid rectum (7–11 cm from anal verge) 30 (46.8)
Surgical procedure, n (%)  
  Low anterior resection 48 (75)
  Abdominoperineal resection 14 (21.8)
  Rectal anterior resection 2 (3.1)
ypT stage, n (%)  
  0 8 (12.5)
  Tis 1 (1.5)
  1 6 (9.3)
  2 20 (31.2)
  3 27 (42.1)
  4 2 (3.1)
ypN stage, n (%)  
  Negative 49 (76.5)
  Positive 15 (23.4)
Interval from post-pCRT MRI to surgery,  

median (range), wk
6 (4–11)

ypTN = pathological staging after chemoradiotherapy; pCRT = preoperative 
chemoradiotherapy.

TABLE 2.   Comparison of Pre-pCRT and Post-pCRT MRI Results by 
LN Number and Size

Parameter LN No. LN size, mm LN global size, mm

Observer 1, median (range)
  Pre-pCRT MRI 5 (1–15) 5 (2–19) 24.0 (2.0–93.0)
  Post-pCRT MRI 2 (1–10) 3 (1–18) 8.5 (1.0–49.0)
  p <0.0001 <0.0001 <0.0001
Observer 2, median (range)
  Pre-pCRT MRI 8 (1–18) 4 (2–19) 38.5 (3.0–95.0)
  Post-pCRT MRI 6 (1–15) 3 (1–19) 18.5 (2.0–60.0)
  p <0.0001 <0.0001 <0.0001
Pre-pCRT MRI, median (range)
  Observer 1 5 (1–15) 5 (2–19) 24.0 (2.0–93.0)
  Observer 2 8 (1–18) 4 (2–19) 38.5 (3.0–95.0)
  p <0.0001 0.85 <0.0001
Post-pCRT MRI, median (range)
  Observer 1 2 (1–10) 3 (1–18) 8.5 (1.0–49.0)
  Observer 2 6 (1–15) 3 (1–19) 18.5 (2.0–60.0)
  p <0.0001 0.74 <0.0001

pCRT = preoperative chemoradiotherapy; LN = lymph node.



Copyright © The American Society of Colon & Rectal Surgeons, Inc. Unauthorized reproduction of this article is prohibited.

POMERRI ET AL: NODAL STAGE OF IRRADIATED RECTAL CANCER1188

N stage in pCRT patients, an exploratory analysis of the 
first 25 study patients was performed. The AUC values 
of the T2-weighted MRI images and contrast-enhanced 
T1-weighted MRI images were 0.90 (95% CI, 0.82–0.98;  
p < 0.0001) and 0.60 (95% CI, 0.36–0.84; p = 0.43) for 
observer 1 and 0.65 (95% CI, 0.50–0.79; p = 0.55) and 0.57 
(95% CI, 0.34–0.81; p = 0.55) for observer 2. The diagnos-
tic performance (AUC) of contrast-enhanced T1-weighted 
MRI was worse than T2-weighted MRI for both observers.

DISCUSSION

The crucial issue in selecting LARC patients for less inva-
sive treatment approaches that do not include LN removal 
is the identification of disease without malignant LNs at 
the time of the procedure. The main goal of this study was 
to evaluate the performance of MRI in predicting ypN0 
status when restaging LARC patients, using a patient-by-
patient analysis. Although studies of LNs that involve a 
lesion-by-lesion comparison between MRI and histology 

are important in establishing the diagnostic imaging cri-
teria, the prediction of the nodal disease on a per-patient 
basis is more clinically relevant in terms of orienting treat-
ment decisions, regardless of the number of positive LNs.

Using the dimensional criterion, MRI studies of the 
prediction of ypN staging report contradictory findings 
when analysis is performed on a per-patient basis, with 
sensitivity and specificity values of 33% to 83% and 68% 
to 100% and NPVs of 78% to 96%,15,18,26,27 likely because 
there was a substantial overlap in the size of individual 
benign and malignant LNs in irradiated LARC. Although 
the performance of the size criterion after pCRT seems to 
be better than its performance for initial staging,14,28 these 
findings call into question the validity of the dimensional 
criterion in the assessment of individual LN status.

Our findings show that the most accurate predictor 
of negative LN status was a ∆LN global size cutoff value 
of 70% when comparing MRI images before and after 
pCRT, with NPV values of 97% and 100% for the more- 
( observer 1) and less- (observer 2) experienced readers. 

TABLE 3.   Comparison of Post-pCRT MRI and Pathologic Results by N Classification

Parameter LN No. LN size, mm LN global size, mm ∆LN global size, %

Observer 1, median (range)  
  ypN0 1 (1–9) 3 (1–7) 6 (1–49) 87.5 (22.2–100)
  ypN+ 4 (1–10) 4 (2–18) 21 (5–43) 38.8 (16.6–82.0)
  p <0.0001 <0.0001 <0.0001 <0.0001
Observer 2, median (range)  
  ypN0 6 (1–15) 3 (1–8) 17 (2–60) 58.8 (9.0–100)
  ypN+ 5 (3–10) 4 (1–19) 22 (10–54) 50.9 (13.0–66.6)
  p 0.94 0.71 0.08 0.45
ypN0, median (range)  
  Observer 1 1 (1–9) 3 (1–8) 6 (1–49) 87.5 (22.2–100)
  Observer 2 6 (1–15) 4 (2–8) 17 (2–60) 58.8 (9.0–100)
  p <0.0001 0.48 <0.0001 <0.0001
ypN+, median (range)  
  Observer 1 4 (1–10) 4 (2–18) 21 (5–43) 38.8 (16.6–82)
  Observer 2 5 (3–10) 4 (1–19) 22 (10–54) 50.9 (13.0–66.6)
  p 0.84 0.37 0.86 0.28

pCRT = preoperative chemoradiotherapy; ypN = pathological staging after chemoradiotherapy; ∆LN global size = lymph node global size reduction rate.

TABLE 4.   Prediction of ypN Status by Various Cutoff Values for ∆LN Global Size After pCRT for Rectal Cancer

 ∆LN global size cutoff

Parameter Observer 1 Observer 2

50 60 70 50 60 70

True positive (n) 11 12 14 6 12 15
True negative (n) 45 40 33 33 29 9
False positive (n) 4 9 16 16 20 40
False negative (n) 4 3 1 9 3 0
Sensitivity % (95% CI) 73.3 (48.0–89.1) 80.0 (54.8–93.0) 93.3 (70.2–98.8) 40.0 (19.8–64.3) 80.0 (54.8–93.0) 100 (79.6–100)
Specificity % (95% CI) 91.8 (80.8–96.8) 81.6 (68.9–90.0) 67.3 (53.3–78.8) 67.3 (53.3–78.8) 59.2 (45.2–71.8) 18.4 (9.8–31.4)
NPV % (95% CI) 91.8 (79.5–97.3) 93.0 (79.9–98.2) 97.1 (82.9–99.8) 78.6 (66.3–89.2) 90.6 (73.8–97.6) 100 (62.9–100)
PPV % (95% CI) 73.3 (44.8–91.1)  57.1 (34.4–77.4) 46.7 (34.6–71.2) 27.3 (11.6–50.4) 37.5 (21.7–56.3) 27.3 (16.5–41.1)
AUC (95% CI) 0.90 (0.82–0.98) 0.65 (0.50–0.79)

pCRT = preoperative chemoradiotherapy; ypN = pathological lymph node staging after chemoradiotherapy; ∆LN global size = lymph node global size reduction rate; NPV = 
negative predictive value; PPV = positive predictive value; AUC = area under the curve.
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With a high rate of ypN0 patients after CRT of 76.5%, the 
high sensitivity leads to an NPV of ≈100%, irrespective of 
the experience of the radiologist.

Unexpectedly, node signal intensity and border con-
tour characteristics were unreliable criteria for the detection 
of negative LNs after pCRT, likely because the judgment of 
such characteristics in small LNs is challenging, even for 
the experienced observer. In addition, the interobserver 
variability in assigning nodes into positive or negative 
groups based on this model was considerable and highly 
dependent on the experience of the observers. An addi-
tional finding of the present study was that the addition of 
static gadolinium-enhanced T1-weighted images does not 
add information to T2-weighted images for the assessment 
of LN status in irradiated LARC. These findings suggest 
that gadolinium-enhanced MRI sequences can therefore 
be omitted from the standard MRI protocol, thus reducing 
acquisition time and examination costs and avoiding the 
potential development of any contrast media–related risk. 
The use of dynamic gadolinium-enhanced sequences has 
been reported to be useful in the prediction of LN involve-
ment after pCRT for LARC by enabling the assessment of 
the characteristics of arterial phase enhancement.29 How-
ever, it remains uncertain whether these techniques would 
offer any help for LNs measuring ≤3 mm.

When considering a rectum-sparing approach in pa-
tients with major or complete clinical response, the NPV 
value is the most relevant piece of information because it 
would be much worse to leave the mesorectum in situ, as 
happens when a transanal local excision is performed or 
a wait-and-see policy is adopted in patients with positive 
LNs than it would be to remove it (TME) in patients with 
negative nodes. From this point of view, it is important 
to know that LNs that are negative on MRI are also nega-
tive on histopathologic testing. For this reason, the spe-
cific ∆LN global size cutoff value of 70% was chosen to 

optimize the NPV. With this cutoff the NPV was 97.0% 
and 100% and sensitivity 93.3% and 100% for observers 
1 and 2.

In 1 study of nodal restaging after pCRT,13 the authors 
compared pre-pCRT and post-pCRT MRI and found that 
a decrease in the size of individual LNs of ≥70% indicates 
ypN0 status in 100% of cases. This remarkable result does 
not provide information on the preoperative staging of 
each patient, which has practical clinical relevance in plan-
ning a less-invasive surgery. To our knowledge, our study 
is the first to calculate the global LN size and demonstrate 
a significant association with ypN0 status in patients with 
a nodal global size reduction rate of ≥70%.

The message that radiologists with very different 
experience levels can reach similarly good results when 
predicting ypN0 status is encouraging and makes this cri-
terion easily applicable in clinical practice. Nevertheless, 
hand measurement and comparison of <19 LNs in a pa-
tient are issues of concern. A computer-aided procedure 
for automated measuring and matching of LNs imaged 
in 2 serial clinical MRI studies might provide support for 
broad application of our type of analysis in the future.

The specificities of 67.3% and 18.4%, with positive 
predictive value values of only 46.7% and 27.3% for ob-
servers 1 and 2, indicate node overstaging. One explana-
tion for overstaging is that small blood vessels or small 
areas of fibrosis in the mesorectum can easily be misin-
terpreted as small LNs.28 Typically, the less experienced 
observer chose a safer approach in these cases, and his 
behavior led to more overstaging. Consequently, we were 
able to obtain a good overall performance for observer 
1 (AUC of 0.90) but a poor performance for observer 2 
(AUC of 0.65). The limitations of this study were the small 
sample size, its retrospective nature, and the high rate of 
negative nodes after long-course pCRT, which resulted in 
a decrease in false-negative findings.

FIGURE 1. Transverse T2-weighted images of a rectal cancer before (A) and after (B) chemoradiotherapy (CRT). A, The preoperative CRT image 
shows 2 lymph nodes (arrows). Another lymph node was present at a different level (not shown). B, After CRT, 1 lymph node changed to an ill-
defined structure (black arrow), which was interpreted as fibrosis by observer 1 and as residual lymph node by observer 2 (similar to the lymph 
node not shown). Micrometastases were detected in 2 of the 3 lymph nodes retrieved for histopathologic analysis.
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CONCLUSION

We found that, whereas individual nodal size and mor-
phologic MRI criteria are poor predictors of LN status 
in patients with irradiated LARC, the MRI measurement 
of global LN size reduction rate results in a reproducible 
NPV close to 100%, with a high sensitivity. The ability of 
this criterion to accurately identify ypN0 patients after 
pCRT may improve the selection of candidates for rec-
tum-sparing approaches. This study also suggests that, in 
determining LN status after pCRT, gadolinium-enhanced 
MRI sequences do not add any relevant information as 
compared with unenhanced MRI. Because of the retro-
spective nature of the study and the small sample size, 
large and prospective studies are required to validate the 
findings of the present study.
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