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bowel wall [5]. The assessment of the re-
sponse of the lymph nodes mainly relies on 
imaging. With organ preservation, one needs 
to ensure that there is no residual nodal dis-
ease because this induces a risk for a nodal 
recurrence [6, 7]. It is known that standard 
morphologic MRI is of limited use for as-
sessing lymph nodes [8, 9], although more fa-
vorable results have been suggested for re-
staging of nodes after CRT compared with 
results for primary nodal staging [8–11]. 
Sensitivities reported for the detection of 
nodal disease after CRT range between 42% 
and 89% [12–15]. Particularly in patients 
with a good tumor response (ypT0–2) who 
may be considered for organ preservation, 
low sensitivities of around 40% have been re-
ported [15], probably because, in these cases, 
residual disease typically occurs within very 
small nodes that are difficult to evaluate with 
imaging. This still limits the clinical utility 
of imaging for the prediction of the patholog-
ic nodal status after CRT.
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M
RI is part of the standard workup 
for patients with rectal cancer. 
MRI is increasingly being adopt-
ed for the restaging of disease in 

patients with rectal cancer after neoadjuvant 
chemoradiation therapy (CRT). Restaging 
MRI is valuable to evaluate the response of a 
locally advanced tumor to CRT and to deter-
mine whether the extent of the surgical re-
section can be decreased in case of significant 
tumor regression. Furthermore, in case of a 
very good or complete tumor response, pa-
tients may be considered for organ-preserv-
ing treatment options (although presently 
mainly in trial settings), such as a local exci-
sion (e.g., transanal endoscopic microsur-
gery) or a watchful waiting policy [1–4]. If 
organ preservation is considered, it is crucial 
to accurately select the nearly complete re-
sponders. A combination of MRI including 
DWI together with endoscopy and biopsy of-
fers the best results to determine whether a 
tumor remnant remains present within the 
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OBJECTIVE. When considering organ preservation in patients with rectal cancer with 
good tumor response, assessment of a node-negative status after chemoradiation therapy (CRT) 
is important. DWI is a very sensitive technique to detect nodes. The study aim was to test the 
hypothesis that the absence of nodes at DWI after CRT is concordant with a ypN0 status. 

MATERIALS AND METHODS. A retrospective study was performed of 90 patients 
with rectal cancer treated with CRT followed by restaging MRI at 1.5 T, including DWI 
(highest b value, 1000 s/mm2). Two independent readers counted the number of nodes visible 
in the mesorectal compartment on DW images obtained after CRT. The number of nodes on 
DWI (0 vs ≥ 1) was compared with the number of metastatic nodes at histopathology or long-
term clinical follow-up (yN0 vs yN-positive status). 

RESULTS. Seventy-one patients had a yN0 status, and 19 had a  yN-positive status. For 10 
patients, no nodes were observed at DWI, which was concordant with a yN0 status in 100% 
of cases. In the other 61 patients with a yN0 status, the median number of nodes detected at 
DWI was three (range, 1–17 nodes). To differentiate between yN0 and yN-positive status, sen-
sitivity was 100%, specificity was 14%, the positive predictive value was 24%, and the nega-
tive predictive value was 100%. 

CONCLUSION. Although the absence of nodes at DWI is not a frequent finding, it ap-
pears to be a reliable predictor of yN0 status after CRT in patients with rectal cancer. DWI 
may thus be a helpful adjunct in assessing response after CRT and may help select patients 
for organ-saving treatment. 

van Heeswijk et al.
DWI Assessment of Rectal Cancer Nodes After CRT
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In recent years, DWI has proven its value 
and is now recommended as a routine addi-
tion to the MRI protocol for the assessment 
of rectal cancer, particularly in the restag-
ing setting [16–20]. DWI highlights tissues 
with a dense cellular structure, making it a 
very suitable technique to detect malignant 
tumors but also to detect lymph nodes, be-
cause lymphoid tissue has an intrinsically 
high cellular density [21–25]. With this in 
mind, DWI should also be well equipped to 
detect the typically small nodes that remain 
after CRT, as has also been suggested by a 
previous report showing that, in the restag-
ing setting, DWI detects 26% more nodes 
than does standard T2-weighted MRI [22]. 
One could even argue that, given the high 
sensitivity of DWI to detect nodes, the ab-
sence of visible lymph nodes on DW imag-
es after CRT should indicate that no meta-
static lymph nodes remain. If we can confirm 
this hypothesis, DWI could be valuable as a 
tool to help select node-negative patients af-
ter CRT. The aim of this study therefore was 
to evaluate whether the absence of nodes at 
DWI can be used to establish a valid diagno-
sis of a yN0 status in patients with rectal can-
cer after neoadjuvant treatment.

Materials and Methods
Patients

This study retrospectively assessed 130 con-
secutive patients who received a diagnosis of 
locally advanced rectal cancer and were treat-
ed with a long course of neoadjuvant CRT be-
tween November 2009 and May 2013 at Maas-
tricht University Medical Centre (Maastricht, 

The Netherlands). The study meets the guide-
lines of our country’s responsible governmental 
agency; because of the retrospective nature of the 
study, informed consent was not required. Inclu-
sion criteria were biopsy-proven rectal adenocar-
cinoma, long course of neoadjuvant treatment, 
availability of a restaging MRI examination in-
cluding a DWI sequence after neoadjuvant treat-
ment, and availability of histopathologic findings 
after surgery or a sustained ycN0 status and dis-
ease-free survival (DFS) of at least 2 years af-
ter organ-preserving treatment as an endpoint for 
nodal response. The routine neoadjuvant treat-
ment consisted of 50.4 Gy of radiation combined 
with capecitabine (2 × 825 mg/m2/day). Four pa-
tients underwent 5 × 5 Gy of radiation combined 
with rapamycin and a long (8–10 week) waiting 
interval before restaging and surgery. Forty pa-
tients were excluded for the following reasons: a 
prolonged interval (> 50 days) between restaging 
MRI and surgery (because histopathologic find-
ings in this setting will no longer be representa-
tive for the MRI findings; n = 24), missing data 
(e.g., missing histopathology reports; n = 13), or 
DFS of less than 2 years after organ-preserving 
treatment (n = 3). This left a total study popu-
lation of 90 patients who met all inclusion cri-
teria. Some of the study patients were included 
in previous studies from our group on DWI for 
assessment of tumor response and on contrast-
enhanced lymph node imaging. These previous 
studies did not focus on the use of DWI for lymph 
node evaluation [26, 27].

MRI
All patients underwent primary staging and re-

staging MRI on a 1.5-T system (Intera  Achieva 

or Ingenia, both from Philips Healthcare). The 
standard protocol included 2D T2-weighted fast 
spin-echo sequences in three orthogonal direc-
tions (with the transverse images angled perpen-
dicular and the coronal images angled parallel to 
the tumor axis as identified on the sagittal scan) 
and a transverse 3D T1-weighted gradient-echo 
sequence with 1-mm isotropic voxels. This proto-
col was chosen according to the findings of pre-
vious studies on lymph node evaluation [27, 28]. 
The DWI sequence was a transverse echo-planar 
imaging diffusion sequence with 1000 s/mm2 as 
the highest b value, angled in the same plane as 
the transverse T2-weighted and T1-weighted se-
quences. All imaging sequences covered the full 
mesorectal compartment. Detailed sequence pa-
rameters are provided in Table 1.

Image Evaluation
MRI examinations were evaluated by two in-

dependent readers with 6 and 3 years of specif-
ic experience in reading pelvic MR images. The 
two readers evaluated the restaging high–b-value 
(1000 s/mm2) DW images and counted the num-
ber of visible lymph nodes within the mesorectal 
compartment (Fig. 1). A lymph node on DW imag-
es was defined as a round or oval structure show-
ing high signal intensity compared with the sup-
pressed background signal of the mesorectal fat. 
The anatomic T2-weighted and T1-weighted se-
quences, as well as the primary staging MRI ex-
aminations, were at the reader’s disposal for an-
atomic correlation and to confirm high-signal 
structures as lymph nodes. The final nodal count 
on DWI was classified as no visible nodes or one 
or more visible nodes. The readers were blinded 
to all other patient data, including histopathologic 

TABLE 1: Sequence Parameters for the T2- and T1-Weighted and DWI Sequences

Parameter
T2-Weighted Fast 

Spin-Echo

3D T1-Weighted 
Gradient-Recalled 

Echo
DWI Sequence 1  

(n = 56)
DWI Sequence 2  

(n = 17)
DWI Sequence 3  

(n = 22)

TR/TE 8456–9558/130–150 9.8/4.6 4808–4829/70 4971/70 4172–5241/68–70

No. of slices 22–33 200 50 24 20–24

Slice thickness (mm) 2 1 5 5 5

Slice gap (mm) 2 NA 0.5 0.5 0.5

In-plane resolution (mm) 0.78 × 1.14 1.15 × 1.15 2.50 × 3.11–3.18 1.82 × 2.31 1.82 × 2.27

Echo-train length 25 1 1 1 1

No. of signal averages 2–6 1 4 5 5

b Value (s/mm2) NA NA 0, (100)a, 500, 1000 0, 500, 1000 0, (25, 50,100) a, 500, 1000

Fat-suppression technique NA NA STIR Spectral presaturation 
with inversion recovery

Spectral attenuated 
inversion recovery

Echo-planar imaging factor NA NA 53–55 55 61

Note—DWI sequence 1 was used from the start of the study through November 2011, DWI sequence 2 was used from December 2011 through June 2012, and DWI 
sequence 3 was used from July 2012 through the end study of the study. NA = not applicable.

aValues in parentheses were used for only a subset of patients.
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outcome, as well as to each other’s results. In case 
of a discrepancy in lymph node count (i.e., 0 vs ≥ 1 
nodes seen at DWI) between the two observers, 
the readers reevaluated the images in consensus to 
obtain a final count.

Reference Standard
Sixty-eight patients underwent a total meso-

rectal excision. For these patients, histologic ex-
amination of the surgical resection specimens ac-
cording to the sixth edition of the American Joint 
Committee on Cancer TNM staging system [29] 
(as advocated during the study period in our cen-
ter) served as the standard of reference. The to-
tal number of nonmetastatic and metastatic lymph 
nodes at histopathologic examination was record-
ed, as well as the overall nodal category (ypN0, 

ypN1, or ypN2). The remaining 22 patients under-
went a local excision (n = 2) or a watchful waiting 
policy with intensive follow-up (n = 20). For these 
patients, DFS of 24 months or longer with no evi-
dence of growing or suspicious nodes on follow-
up imaging was considered a surrogate endpoint 
for a yN0 status. Median DFS follow-up in these 
patients was 61 months (range, 44–75 months).

Statistical Analysis
Statistical analyses were performed using SPSS 

(version 22.0, IBM). To assess interobserver agree-
ment for the number of lymph nodes detected on 
DW images, the intraclass correlation coefficient 
was calculated with the two-way mixed method 
with absolute agreement for single measures. For all 
other analyses, the number of lymph nodes counted 

on DW images was averaged between the two read-
ers (for patients for whom an additional consensus 
reading was performed, the number reached after 
consensus reading was used). Contingency tables 
(2 × 2) were constructed to correlate the number 
of nodes detected at DWI after CRT (i.e., 0 vs ≥ 1 
nodes) with histopathologic examination or follow-
up. Sensitivity, specificity, and positive and negative 
predictive values were calculated using a yN-posi-
tive status as the positive outcome.

Results
Patient and Treatment Characteristics

Sixty patients were men and 30 were wom-
en. Seventy-one patients had a yN0 status (50 
ypN0 after surgery and 21 ycN0 with a sus-
tained ycN0 status and DFS of > 24 months). 
Nineteen patients had a ypN-positive status af-
ter surgery (16 ypN1 and 3 ypN2). Detailed pa-
tient characteristics are shown in Table 2. The 
median interval between the restaging MRI 
and surgery was 16 days (range, 5–50 days).

Number of Nodes at DWI to Predict yN0 
Versus yN-Positive Status

For 10 of 90 patients, no nodes were ob-
served at DWI, which was concordant with 
a yN0 status at histopathologic examination 
or follow-up in all 10 (100%) cases. In the 
remaining 61 patients with a yN0 status, the 
median number of nodes detected at DWI 
was three (range, 1–17 nodes). The 19 pa-
tients with a ypN-positive status had a medi-
an of four nodes (range, 1–7 nodes) detected 
at DWI. In patients with a ypN1 status, the 
median number of nodes at DWI was four 
(range, 1–7) versus four (range, 4–6) in pa-
tients with a ypN2 status. Diagnostic accu-
racy figures to discriminate yN0 versus yN-
positive (with yN-positive being the positive 
outcome) are presented in Table 3. Sensitiv-
ity was 100%, specificity was 14%, positive 
predictive value was 24%, and negative pre-
dictive value was 100%.

Results per yT Category
Figure 2 shows the distribution of pa-

tients with zero or one or more nodes at DWI 
among different tumor response groups. Of 
the patients with zero nodes at DWI, four 

TABLE 2: Demographic and Clinical Characteristics of 90 Patients With 
 Rectal Cancer

Characteristic Value

Sex, no. (%) of patients

Male 60 (67)

Female 30 (33)

Age (y), median (range) 65 (32–81)

yN category, no. (%) of patients

N0 71 (79)

N-positive 19 (21)

N1 15 (17)

N2 4 (4)

No. (%) of patients per yT category ypN0 Status ypN-Positive Status

T0 28 (31) 0

T1 7 (8) 0

T2 13 (14) 3 (3)

T3 20 (22) 12 (13)

T4 3 (3) 4 (4)

No. of nodes harvested at histopathologic examination in 
patients who underwent surgical resection, median (range)

12 (0–25) 11 (5–26)

No. of malignant nodes, median (range) NA 2 (1–5)

Size of nodes at histopathologic examination (mm), median 
(range)

Malignant 6 (1–21)

Benign 3 (1–23)

Note—NA = not applicable.

TABLE 3: Diagnostic Performance to Diagnose ypN-Positive Versus ypN0 Status According to the Presence or 
 Absence of Visible Nodes at DWI Performed After Chemoradiation Therapy

Parameter Sensitivity Specificity Positive Predictive Value Negative Predictive Value

Percentage (no. of nodes/total) 100 (19/19) 14 (10/71) 24 (19/80) 100 (10/10)

95% CI 82–100 7–24 15–35 69–100

Note—In this analysis, yN-positive status is defined as the positive outcome.
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had residual tumor (1 ypT2, 2 ypT3, and 1 
ypT4) and six were (clinical) complete tu-
mor responders (yT0). The percentage of 
patients with no nodes at DWI was highest 
(21%) in the yT0 group, compared with 4% 
in the ypT1–2 group and 8% in the ypT3–
4 group. The median number of nodes de-
tected at DWI was two (range, 0–17 nodes) 
in the yT0 group, three (range, 0–12 nodes) 
in the ypT1–2 group, and three (range, 0–9 
nodes) in the ypT3–4 group. In the subgroup 
of patients with a complete tumor response 
(yT0), six of 28 patients had no visible nodes 
at DWI, which results in a specificity of 21%.

Interobserver Agreement
Agreement between the two readers re-

garding the number of nodes detected at DWI 
was good, with an intraclass correlation coef-
ficient of 0.72 (95% CI, 0.46–0.84). For sev-
en patients, both readers initially observed no 
nodes, and for 68 patients, both readers ob-
served one or more nodes. For the remain-
ing 15 patients, there was a discrepancy in the 
number of nodes (0 vs ≥ 1 nodes) observed by 
the two readers and an additional consensus 
reading was performed (which resulted in the 
diagnosis of 0 nodes in three patients and ≥ 1 
nodes in the other 12 patients).

Discussion
The goal of this study was to evaluate 

whether the absence of visible lymph nodes 
at DWI after CRT is proof of a negative 
lymph node status. Although the absence 
of nodes at DWI was an infrequent finding, 
occurring in only 10 of 90 patients, our re-
sults show that this was concordant with a 
yN0 status in all cases. This finding suggests 
that, from a clinical point of view, patients 
with yN0 status can safely be identified when 
they have no visible nodes at restaging DWI. 
However, for most patients with a yN0 status 
(61/71 patients with yN0 status), nodes were 
still visible at DWI. Hence, specificity was 
only 14%, which would imply a very strin-
gent patient selection, where many of the 
complete nodal responders will be missed.

Interestingly, the number of patients with 
no visible nodes at DWI was higher in the pa-
tients with a complete tumor response com-
pared with patients with residual tumor. In 
the yT0 subgroup, 21% of the patients had no 
visible nodes at DWI, compared with only 
4–8% of the patients who still had residual 
tumor. The specificity to discriminate yN-
positive versus yN0 status—albeit still far 
from optimal—was thus better for the pa-

tients with a complete tumor response than 
for the whole patient group (21% vs 14%). 
This is beneficial because the yT0 group con-
stitutes the most interesting subgroup with 
respect to the identification of potential can-
didates for organ-preserving treatments (in 
particular watchful waiting). For these pa-
tients, it is particularly important to identi-
fy residual nodal disease, because the nodes 
are left in situ and any missed residual nod-
al metastases harbor a potential risk for re-
currence. The prevalence of a positive lymph 
node status after CRT is low in patients with 
a good tumor response (5–17%) [4, 7, 30, 31]. 
Moreover, as an effect of long-course neoad-
juvant therapy, most lymph nodes decrease 
in size [15, 32]. As a result, residual nodal 
metastases mostly occur in very small nodes 
(< 3 mm). These small nodal sizes make it 

difficult to detect and therefore interpret the 
nodes after CRT, resulting in low reported 
sensitivities of 42% for the detection of resid-
ual nodal metastases in patients with a good 
tumor response after CRT [15].

The sensitivity to detect residual positive 
nodes in our study was 100%, which is bet-
ter than that reported in previous studies for 
routine T2-weighted MRI (42–89%) [12–15]. 
This means that, when there is residual nod-
al disease, we will always see residual nodes 
at post-CRT DWI. However, it does not work 
the other way around: when we see residual 
nodes at DWI, this does not necessarily in-
dicate that there is residual nodal disease. 
High-signal-intensity nodes were also still vi-
sualized after CRT in 61 of 71 patients with 
yN0 status, resulting in a low specificity of 
14%, which is considerably lower than the 

A

Fig. 1—72-year-old woman with rectal tumor. 
A–D, T2-weighted MR image obtained before treatment (A) shows rectal tumor (asterisk, A) and several lymph 
nodes in mesorectal fat (arrows, A), some of which are difficult to discern. On corresponding DW image (C), more 
nodes are observed and nodes are more conspicuous because of their marked high signal, comparable with that 
of tumor (asterisk, C), making them stand out compared with suppressed signal of mesorectal fat. No residual 
tumor is observed on T2-weighted MR image (B) or corresponding DW image (D) obtained after patient underwent 
chemoradiation therapy, and no residual nodes are observed. Patient had complete response (ypT0N0).

C

B

D
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specificities in the range of 46–95% previ-
ously reported for routine T2-weighted MRI 
[12–15]. This is in line with the findings of 
previous studies showing that, when consid-
ering all high-signal nodes on DWI as posi-
tive for nodal disease, this leads to false-pos-
itive rates of up to 50% [24, 33, 34]. Hence, 
we will need to look for additional tools to 
further characterize the visible residual nodes 
after CRT. Inconsistent results have been re-
ported for quantitatively measuring the ap-
parent diffusion coefficient of nodes on DWI 
to differentiate between positive and negative 
lymph nodes, both for the primary staging of 
lymph nodes as well as for restaging of nodes 
after CRT [22, 23, 33–35]. Moreover, in small 
nodes, it can be very challenging to obtain 
reproducible apparent diffusion coefficient 
measurements [22]. A potentially promising 
alternative is the use of lymph node–specif-
ic contrast agents, with promising results re-
ported for both ultrasmall superparamagnetic 
particles of iron oxide contrast agents, as well 
as for the gadolinium-based contrast agent 
gadofosveset trisodium [27, 28, 36, 37]. How-
ever, these contrast agents have not yet found 
their way into clinical practice.

Our study had some limitations. For 22 
patients, long-term follow-up was used as 
a surrogate reference standard instead of 
histopathologic outcome. Patients had no 
signs of nodal recurrence for more than 2 
years, with a median follow-up duration of 
61 months (minimum, 44 months). Because 
previous studies have shown that both endo-
luminal and nodal recurrences mostly oc-
cur within the first 2 years, we believe this 
may be used as an alternative endpoint for a 

ypN0 status [3]. Second, we evaluated nodes 
within only the mesorectal compartment be-
cause extramesorectal nodes are not rou-
tinely resected and therefore cannot be cor-
related with histopathologic outcome. Third, 
there were some variations in the DWI pro-
tocol (e.g., fat-suppression techniques) used 
throughout the course of the study. This, 
however, reflects daily practice where imag-
ing protocols are subject to updates and op-
timization. All of the images were, however, 
subjectively deemed to be of good diagnos-
tic quality by both observers. The quality of 
fat suppression was similar, and the signal-
to-background ratio of the visualized lymph 
nodes was comparable in all studies. Fourth, 
the readers had a 3D T1-weighted sequence 
with 1-mm isotropic voxels at their dispos-
al. This sequence was part of the protocol 
because of ongoing studies on lymph node 
imaging, but it is not typically part of rou-
tine clinical rectal MRI protocols. Its use in 
the current study may thus potentially lim-
it the generalizability of our study results. 
However, in practice, lymph nodes were 
typically well recognized as nodes on the 
DWI sequence, and the need to refer to the 
T1-weighted sequence was limited. Finally, 
we did not perform a within-patient compar-
ison of our results for DWI to routine assess-
ment of the nodes on T2-weighted MRI, be-
cause the specific aim of our study was to 
test the hypothesis that the absence of nodes 
at DWI could be used to predict a yN0 status 
and various previous studies have already 
shown the superiority of DWI compared 
with T2-weighted MRI for the detection of 
nodes. We did, however, compare our results 

to those previously reported in the literature 
for T2-weighted MRI.

In conclusion, our results suggest that—al-
though it is not a frequent finding—the ab-
sence of lymph nodes on a restaging DW 
image can be a reliable predictor of a node-
negative status after neoadjuvant CRT in pa-
tients with locally advanced rectal cancer 
and that the percentage of patients without 
visible nodes at DWI is highest in patients 
with a complete tumor response. DWI may 
therefore play a supporting role in the selec-
tion of patients for organ preservation after 
CRT. When we see remaining nodes at DWI 
after CRT, we need to look for other tools to 
further characterize these nodes.
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