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Rectal cancer: can T2WI histogram of the primary tumor help predict
the existence of lymph node metastasis?
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Abstract
Objectives To explore if there is a correlation between T2WI histogram features of the primary tumor and the existence of
regional lymph node (LN) metastasis in rectal cancer.
Methods Eighty-eight patients with pathologically proven rectal adenocarcinoma, who received direct surgical resection and
underwent preoperative rectal MRIs, were enrolled retrospectively. Based on pathological analysis of surgical specimen, patients
were classified into negative LN (LN−) and positive LN (LN+) groups. The degree of differentiation and pathological T stage
were recorded. Clinical T stage, tumor location, and maximum diameter of tumor were evaluated of each patient. Whole-tumor
texture analysis was independently performed by two radiologists on axial T2WI, including skewness, kurtosis, energy, and
entropy.
Results The interobserver agreement was overall good for texture analysis between two radiologists, with intraclass correlation
coefficients (ICCs) ranging from 0.626 to 0.826. The LN− group had a significantly higher skewness (p < 0.001), kurtosis
(p < 0.001), and energy (p = 0.004) than the LN+ group, and a lower entropy (p = 0.028). These four parameters showed
moderate to good diagnostic power in predicting LN metastasis with respective AUC of 0.750, 0.733, 0.669, and 0.648. In
addition, they were both correlated with LN metastasis (rs = − 0.413, − 0.385, − 0.28, and 0.245, respectively). The multivariate
analysis showed that lower skewness was an independent risk factor of LN metastasis (odds ratio, OR = 9.832; 95%CI, 1.171–
56.295; p = 0.01).
Conclusions Signal intensity histogram parameters of primary tumor on T2WI were associated with regional LN status in rectal
cancer, which may help improve the prediction of nodal stage.
Key Points
• Histogram parameters of tumor on T2WI may help to reduce uncertainty when assessing LN status in rectal cancer.
• Histogram parameters of tumor on T2WI showed a significant difference between different regional LN status groups in rectal
cancer.

• Skewness was an independent risk factor of regional LN metastasis in rectal cancer.
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Abbreviations
ICCs Intraclass correlation coefficients
LN− Lymph node negative
LN Lymph node
LN+ Lymph node positive
OR Odds ratio

Introduction

An accurate evaluation of lymph node (LN) status in patients
with rectal cancer is essential for treatment planning [1, 2] and
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of an important prognostic factor for local recurrence and
overall survival [3]. Magnetic resonance imaging (MRI) is
the standard method for preoperative staging in rectal cancer,
but it has limited accuracy in assessing LN metastasis with
morphological criteria like short-axis diameter, shape, border
smoothness, and signal heterogeneity [4, 5].

Previous studies reported the promising role of functional
sequences to differentiate benign from malignant nodes, such
as diffusion kurtosis imaging [6], intravoxel incoherent mo-
tion imaging [7], dynamic contrast-enhanced magnetic reso-
nance imaging (DCE-MRI) [8], and chemical shift effect im-
aging [9]. Most of these studies were performed on a node-by-
node basis with different methods to locate and match the
nodes on MRI with pathological specimen correctly, which
still remains the largest challenge in nodal research nowadays.
On the other hand, studies have shown correlations between
the depth of tumor invasion, the degree of tumor differentia-
tion, and DCE-MRI parameters of the primary tumor with LN
metastasis, indicating a potential association between tumor
characteristics and LN status [10–13].

Texture analysis is a tool for extracting quantitative features
from medical images and is an indicator of tumor heterogene-
ity [14]. Whole-tumor first-order statistical-based texture pa-
rameters, also known as histogram parameters, which reflect
only the distribution of voxel gray-level intensity without spa-
tial information or relationship of voxels, have a good repeat-
ability [15]. Previous studies also showed its reliability in
predicting tumor response to neoadjuvant chemoradiotherapy
and survival in rectal cancer [16–18]. However, the correlation
between texture parameters of tumor and regional LN metas-
tasis is still unknown. Therefore, the purpose of this study was
to explore there was a correlation between rectal tumor histo-
gram parameters on T2WI and the existence of regional LN
metastasis.

Methods and materials

This retrospective study was approved the Institutional
Review Board of West China Hospital and informed consent
was waived.

Patients

Between July 2017 and October 2018, 96 consecutive patients
with histopathologically proven rectal adenocarcinoma, who
underwent preoperative MRI examinations and received di-
rect surgical treatment, were initially retrieved. In general,
patients with lower cT3bN1 or with combined maximum
one solitary liver metastasis were considered for direct surgi-
cal resection in our hospital. In addition, some cT4 patients
may also receive surgical treatment after evaluating the extent
of tumor invasion. Locally advanced rectal cancer usually

received neoadjuvant chemoradiotherapy, except for some
specific palliative situations. Eight patients were excluded
for the following reasons: (1) insufficient T2WI quality to
obtain measurements (n = 3), such as obvious motion artifact
caused by respiration or intestinal peristalsis and (2) lack of
pathological reports of surgical specimens (n = 5). Finally, 88
patients were enrolled retrospectively.

MRI scanning protocol

All patients underwent preoperative rectal MRIs on a 3.0-T
scanner (Magnetom Skyra, Siemens Healthineers) using an
18-channel phased array coil in the supine position. Before
the examination, two rectal suppository pills were used to
empty the feces. Endorectal filling for distension was not ap-
plied. Routine high-resolution rectal MRI protocol consisted
of turbo spin echo sagittal, oblique axial (angulated perpen-
dicular to the rectal tumor axis), and oblique coronal
(angulated parallel to the rectal tumor axis) T2WI and
diffusion-weighted imaging (DWI) based on read-out seg-
mented echo-planar imaging. The acquisition parameters of
the oblique axial T2WI sequence were as follows: repetition
time/echo time, 6890/100 ms; slices, 48; slice thickness,
3 mm; voxel size, 0.3 × 0.3 × 3 mm; averages, 3; field of view
read, 200 mm; field of view phase, 90.6%; matrix, 384 × 346;
parallel imaging technique mode, generalized auto-calibrating
partial parallel acquisition with acceleration factor of 2; fat
suppression, none; total scanning time, 5 min and 5 s.

Imaging analysis

One radiologist (Y.L., with 3 years of experience in rectal
imaging) assessed the MR images and was blinded to the
pathological results. Tumor location with distance from the
transitional skin to the inferior edge of the tumor (lower rec-
tum, < 5 cm; middle rectum, 5–10 cm; and upper rectum,
> 10 cm) on sagittal T2WI was recorded, and the maximum
diameter of tumor was measured on Syngo MMWP VE40C
Station (Siemens Healthineers). Clinical T stage of each pa-
tient was also evaluated, and the extent (mm) of extramural
growth in patients with T3 stage was recorded. If there was
any ambiguity in the process of diagnosis, a senior radiologist
was consulted (W.B., with 28 years of experience in rectal
imaging).

Texture analysis was performed independently on axial
T2WI using Omni-Kinetics (Version V2.08, General Electric
Medical Systems) by the same two radiologists (Y.L. and
W.B., with respective 3 and 28 years of experience in rectal
imaging) blinded to the pathological results. Regions of inter-
est (ROIs) covering the whole tumor were manually delineat-
ed along the contour of the tumor on each section, excluding
obvious necrosis and cystic areas (Fig. 1). The primary tumor
was identified as abnormal wall thickening with intermediate
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signal intensity on T2WI, high-signal intensity on DWI (b =
1000 s/mm2), and corresponding low-signal intensity on ap-
parent diffusion coefficient (ADC) map. Then, the histogram
of signal intensity distribution on T2WI within whole-tumor
ROIs was generated describing the frequency of occurrence of
each voxel gray-level intensity with a bin size of 256 (Fig. 1).
In the meantime, histogram statistics were automatically ex-
tracted without image filtration and no signal intensity nor-
malization including skewness (asymmetry of intensity level
distribution), kurtosis (peakedness of intensity level distribu-
tion), energy (homogeneity of the intensity level distribution),
and entropy (randomness of the intensity level distribution).

Histopathologic analysis

We referred to the histopathological assessment of regional
LN malignancy as the gold-standard. Pathological reports of
surgically resected specimens contained the standard data set
according to the eighth edition of the American Joint
Committee on Cancer (AJCC 8th) TNM staging system.
The degree of differentiation, depth of infiltration (pathologi-
cal T stage, pT), and regional LN metastasis (pathological N
stage, pN) of tumor were retrospectively collected, based on

which the patients were grouped as LN-negative (LN−, pN0)
and LN-positive (LN+, pN1-2).

Statistical analysis

All statistical analyses were performed using SPSS 23.0 (IBM
Corp). Interobserver agreement of texture analysis between
two radiologists was evaluated by calculating intraclass corre-
lation coefficients (ICCs, 0–0.4 poor agreement; 0.41–0.6
moderate agreement; 0.61–0.8 good agreement; and 0.81–1
excellent agreement). Averaged histogram results of two radi-
ologists were used for further analysis. Categorical variables
including gender, tumor location, cT stage, degree of differen-
tiation, and pTstage were compared between the N− and LN+
groups using the chi-square test. Quantitative data including
age, maximum diameter of tumor, and histogram parameters
were compared by using independent t test or the Mann-
Whitney U test, according to the normality of data distribution
tested by the Kolmogorov-Smirnov method. Spearman corre-
lation analysis was done to assess the correlation between
texture parameters and LN metastasis. Receiver operating
characteristic (ROC) curves were generated to assess the di-
agnostic performance of the histogram parameters in

Fig. 1 Texture analysis of tumors on T2WI of a 61-year-old female
patient (a) who was pathologically diagnosed pT2N0 after surgery and
a 39-year-old male patient (b) who was diagnosed with pT3N1a after
surgery. Whole-tumor regions of interest (ROIs) were manually
drawing along the edge of the tumor. Then, whole-tumor histogram
parameters were calculated and the histogram of gray-level distribution

within ROIs (c and d) was generated, with skewness of 1.155 and 0.585,
kurtosis of 4.63 and 0.788, energy of 0.019 and 0.011, and entropy of
6.196 and 6.809, respectively. The x-axis and y-axis in the histogram
stand for voxel gray-level intensity and frequency of occurrence with
imaging bin size of 256, respectively. No signal intensity normalization
was used prior to texture analysis
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predicting LN status by calculating the area under the ROC
curve (AUC). The optimal threshold was determined by the
maximum Youden index, and corresponding sensitivity and
specificity were calculated. Subsequently, multivariate binary
logistic regression analysis was performed with entry of var-
iables to identify independent predictors for LN metastasis
after collinearity diagnosis (variance inflation factor, VIF larg-
er than 10 represented the existence of collinearity). P value
less than 0.05 was considered significant.

Results

Patient demographics

All included patients received radical surgical excision includ-
ing low anterior resection (n = 52), ultra-low anterior resection
(n = 15), intersphincteric resection (n = 5), abdominoperineal
resection (n = 10), and extralevator abdominoperineal resec-
tion (n = 6). The median interval between preoperative MRI
and surgery was 6 days (range, 0–62).

Eighty-eight patients were enrolled in this study, i.e., 58
male (39–91 years; mean, 61 years) and 30 female (42–
85 years; mean, 62 years). Twenty-one tumors were located
at the upper rectum, 48 at the middle rectum, and 19 at the low
rectum. Maximum diameter of tumors measured on T2WI
ranged from 1.7 to 8.2 cm, with a mean value of 3.8 cm.
Five patients were clinically staged as cT1; 14 were cT2; 61
were cT3 (cT3a, 3; cT3b, 42; cT3c, 13; and cT3d, 3); and 8
were cT4 (cT4a, 4; and cT4b, 4).

Pathological reports showed that 78 tumors were well/
moderately differentiated, and 10 were poorly differentiated.
Six patients were pathologically staged as pT1; 32 were pT2;
41 were pT3; and 6 were pT4 (pT4a, 4; and pT4b, 2). Fifty-
seven patients were pathologically assess as pN0, 25 were
pN1 (pN1a, 10; pN1b, 11; and pN1c, 4), and 6 were pN2
(pN2a, 3; pN2b, 3). Then, 57 patients were grouped as LN−
(pN0), and 31 were LN+ (pN1-N2).

Univariate analysis

Clinical and pathological characteristics

The clinical and pathological data between the LN− and LN+
groups were summarized in Table 1. On univariate analysis,
patients were categorized as low-cT stage (cT1-T3b, tumor
extends ≤ 5 mm beyond the muscularis propria, n = 64) and
high-cT stage (cT3c-T4b, tumor extends > 5 mm beyond
muscularis propria, n = 24) and low-pTstage (pT1-T3b, extra-
mural infiltration ≤ 5 mm, n = 73) and high-pT stage (pT3c-
T4b, extramural infiltration > 5 mm, n = 15). No significantly
different distribution of age (p = 0.589), gender (p = 0.46), tu-
mor location (p = 0.202), maximum diameter of tumor (p =

0.986), cT stage (p = 0.202), pT stage (p = 0.107), and degree
of differentiation (p = 0.164) was observed between the two
groups.

Histogram parameters

The histogram parameters between the two groups were
shown in Table 2. Interobserver agreement was good for
skewness (ICC = 0.745; 95%CI, 0.61–0.833), kurtosis
(ICC = 0.626; 95%CI, 0.43–0.755), and entropy (ICC =
0.796; 95%CI, 0.688–0.866) and was excellent for energy
(ICC = 0.826; 95%CI, 0.735–0.886). A significantly higher
skewness (0.998 ± 0.376 vs. 0.692 ± 0.219, p < 0.001), kurto-
sis (3.018 vs. 1.876, p < 0.001), and energy (0.015 ± 0.003 vs.
0.013 ± 0.002, p = 0.004) were found in the LN− than in the
LN+ group. And the LN− group also had a significantly lower
entropy (6.435 ± 0.251 vs. 6.554 ± 0.212, p = 0.028).
Skewness, kurtosis, and energy all revealed significantly neg-
ative correlations with LN metastasis (rs = − 0.413, − 0.385,
and − 0.28, all p < 0.001), and the entropy had a positive cor-
relation (rs = 0.245, p = 0.021) with LN metastasis.

With a respective cutoff value of < 1.002, < 2.108, < 0.013,
and > 6.477, skewness, kurtosis, energy, and entropy showed
moderate to good diagnostic power in predicting LN metasta-
sis with an AUC of 0.750 (95%CI, 0.651–0.849), 0.733

Table 1 Clinical and pathological data of patients

LN− LN+ p value

Total 57 (64.8%) 31 (35.2%)

Gender 0.46a

Female 21 (36.8%) 9 (29%)

Male 36 (63.2%) 22 (71%)

Mean age 62 ± 11 61 ± 12 0.589b

Tumor location 0.202a

Upper rectum 11 (19.3%) 10 (32.3)

Middle rectum 35 (61.4%) 13 (41.9%)

Lower rectum 11 (19.3%) 8 (25.8%)

Maximum diameter of tumor (cm) 3.7 3.8 0.986c

cT stage 0.202a

Low stage (cT1-T3b) 44 (77.2%) 20 (64.5%)

High stage (cT3c-T4b) 13 (22.8%) 11 (35.5%)

Degree of differentiation 0.164a

Moderate to high 53 (93%) 25 (80.6%)

Low 4 (7%) 6 (19.4%)

pT stage 0.107a

Low stage (pT1-T3b) 50 (87.7%) 23 (74.2%)

High stage (pT3c-T4b) 7 (12.3%) 8 (25.8)

LN−, pathological N0 stage; LN+, pathological N1-N2 stage
a Chi-square test, data are number of patients, with percentages in
parentheses
b Independent sample t test, data are mean ± SD
cMann-Whitney U test, data are median

6472 Eur Radiol (2019) 29:6469–6476



(95%CI, 0.625–0.841), 0.669 (95%CI, 0.555–0.783), and
0.648 (95%CI, 0.530–0.766), yielding sensitivities of 93.5%,
74.2%, 54.8%, and 71% and specificities of 52.6%, 71.9%,
73.7%, and 56.1%, respectively (Fig. 2).

Multivariate analysis

Multivariate analysis results were shown in Table 3. The de-
gree of differentiation, pT stage, skewness, kurtosis, energy,
and entropy were preliminarily selected as covariates for mul-
tivariate logistic regression analysis, with a p value less than
0.2 for the univariate analysis. Entropy and energy demonstrat-
ed a strong collinearity (VIF = 27.229), and entropy was sub-
sequently excluded because of its less sensitivity compared

with energy (p = 0.028 vs. 0.004 in the univariate analysis
and AUC = 0.648 vs 0.669 in the ROC curves analysis). In
addition, histogram parameters were included in the logistic
model after being transformed into categorical variables using
the cutoff value determined in ROC curve analysis. So, five
covariates entered in the final logistic model including the
degree of differentiation, pT stage, skewness category
(< 1.002 or > 1.002), kurtosis category (< 2.108 or > 2.108),
and energy category (< 0.013 or > 0.013). The logistic regres-
sion analysis demonstrated that lower skewness (< 1.002) was
an independent risk factor of LN metastasis (odds ratio, OR =
9.832; 95%CI, 1.717–56.295; p = 0.01) in the model. The de-
gree of differentiation (OR = 4.137; 95%CI, 0.816–20.965;
p = 0.086), pT stage (OR = 3.201; 95%CI, 0.778–13.163;

Fig. 2 ROC curves of histogram
parameters in predicting
pathological lymph node
metastasis

Table 2 Histogram parameters between the LN− and LN+ groups and ROC curve results

LN− LN+ p value AUC Cutoff value Sensitivity (%) Specificity (%) Correlation with
LN status (rs)

Skewness 0.998 ± 0.376 0.692 ± 0.219 < 0.001 0.750 < 1.002 93.5 52.6 − 0.413
Kurtosis 3.081 1.876 < 0.001 0.733 < 2.108 74.2 71.9 − 0.385

Energy 0.015 ± 0.003 0.013 ± 0.002 0.004 0.669 < 0.013 54.8 73.7 − 0.28
Entropy 6.435 ± 0.251 6.554 ± 0.212 0.028 0.648 > 6.477 71 56.1 0.245

LN−, pathological N0 stage; LN+, pathological N1-N2 stage; AUC, area under the receiver operating characteristic (ROC) curve
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p = 0.107), kurtosis (OR = 3.21; 95%CI, 0.849–12.142;
p = 0.086), and energy (OR = 1.159; 95%CI, 0.339–3.962;
p = 0.814) were not independent risk factors. In addition, the
model showed good accuracy of predicting regional LN status
with an overall correct percentage of 76.1% and goodness of fit
(p value of 0.686) in the Hosmer and Lemeshow test.

Discussion

This study performed a texture analysis of primary tumor on
preoperative T2WI and explored the correlation between sig-
nal intensity histogram parameters and the existence of re-
gional LNs. The results are that the histogram parameters of
tumor have a potential role in predicting pathological regional
LN metastasis.

Currently, nodal staging in rectal cancer remains a challeng-
ing issue [4]. A meta-analysis showed that rectal MRI had a
poor accuracy in assessing LN with a sensitivity of 77% and a
specificity of 71% based on the size and morphological fea-
tures [19]. Grovik [13] et al identified thatKtrans value of tumor
was associated with pathological nodal status, suggesting that
the nodal metastasis may be closely related to the microscopic
characteristics of the primary tumor. De Cecco [16], Horvat
[17], and Jalil [18] et al demonstrated that texture parameters
derived from T2WI of the rectal cancer were indicators of
tumor response to neoadjuvant chemoradiotherapy and long-
term survival. However, the value of texture analysis in
predicting LN metastasis is still unclear, and no previous re-
search on the correlation between T2WI signal intensity histo-
gram parameters and LN status was found. Our study found
that patients in the LN− group had significant higher skewness,
kurtosis, and energy and had lower entropy of tumors on T2WI
than in LN+ group. Furthermore, all histogram features were
significantly correlated with LN status. A higher value of
skewness reflects that the distribution is more asymmetric.
Higher kurtosis indicates that the distribution tends to have
heavy tails or outliers, and the mass of the distribution is con-
centrated. Higher energy reflects that the distribution of inten-
sity levels is very narrow. Entropy is the opposite index to
energy. Altogether, our results suggested that tumors with LN

metastasis might manifest more heterogeneous on T2WI and
tended to have a more symmetric and light-tailed histogram of
voxel value distribution within tumors.

ROC curves showed that skewness had the best perfor-
mance in predicting LN malignancy among histogram param-
eters with the cutoff value of 1.002, yielding AUC of 0.75, an
excellent sensitivity of 93.5% and a low specificity of 52.6%.
This indicates that skewness may reliably select patients with-
out LN metastasis, who might benefit from local excision
instead of radial total mesorectal excision in early rectal can-
cer, with less surgical complications and higher quality of life.
Besides, kurtosis also had a similar good predictive power
(AUC= 0.733), with a balanced sensitivity of 74.2% and a
specificity of 71.9%. Therefore, kurtosis is likely to reduce
false-positive cases when predicting LN status by skewness
alone thus could also help to avoid excessive treatment in
some patients. Nevertheless, energy and entropy showed low-
er predictive ability than skewness and kurtosis, indicating
that they may be inferior parameters in predicting LN status.

Multivariate analysis was used to further demonstrate the
correlation between texture parameters and LN status. As a
result, lower skewness was found to be an independent risk
factor of LN metastasis with an OR of 9.832. Previous studies
on gastric cancer [20] and lung adenocarcinoma [21] also
reported the effectiveness of skewness in predicting postoper-
ative LN status. This reflected that skewness of the primary
rectal cancer could be a valuable reference to radiologists
when diagnosing nodal stage. Moreover, Liu et al [22] per-
formed texture analysis on the apparent diffusion coefficient
maps and identified that the entropy of tumor was an indepen-
dent predictor of positive nodal status. Although entropy in
our study also showed a difference between the LN− and LN+
groups, it was not an independent risk factor. This revealed
that texture parameters generating from different MR se-
quences could have a different value in assessing LN malig-
nancy. Furthermore, previous studies demonstrated that pT
stage and degree of differentiation were independently asso-
ciated with the presence of LN metastasis [10–12]. For this
reason, they were included in our multivariate logistic regres-
sion model as confounding factors, with p value less than 0.2
for the univariate analysis. However, neither of them could
significantly predict LN metastasis. This may be due to the
relatively small population and imbalance among the degree
of differentiation and pT stage of patients.

Interobserver variability of texture analysis of two radiolo-
gists was also assessed in our study, and an overall good in-
terobserver agreement was found, with ICCs ranging from
0.626 to 0.826. This was in accordance with a previous study
proving that statistical-based first-order texture parameters
had good repeatability in clinical practice [15]. Many other
researches explored different approaches to improve the diag-
nostic accuracy ofMRI with various functional sequences and
different quantitative parameters on a node-by-node basis [6,

Table 3 Multivariate logistic regression analysis results

Variable OR 95% confidence
interval (CI)

p value

Degree of differentiation 4.137 0.816–20.965 0.086

pT stage 3.201 0.778–13.163 0.107

Skewness 9.832 1.717–56.295 0.01

Kurtosis 3.21 0.849–12.142 0.086

Energy 1.159 0.339–3.962 0.814

OR, odds ratio

6474 Eur Radiol (2019) 29:6469–6476



7]. It is still rather difficult to repeat these experiments and
verify the effectiveness of those indices, mainly because of the
lack of valid methods to precisely match the pathological re-
sults with radiological imaging. Moreover, the limited spatial
resolution of functional imaging, the difference between scan-
ning protocols andMRvendors, and the small size of LN itself
may all contribute to this poor reproducibility.

Our study has some limitations. First, this was a retrospective
trial with a relatively small sample size, containing only 31
patients (35.2%) with pathological LN+. Second, there was a
potential selection bias in the present study, as most LN+ cases
identified by primary MRI with suspicious LN would receive
neoadjuvant chemoradiotherapy and were therefore not includ-
ed in this retrospective study. Third, we only included patients
who went directly to surgical resection rather than those who
firstly received neoadjuvant chemoradiotherapy. Therefore, our
results may not apply to advanced rectal cancer. Fourth, in order
to keep data consistency, clinical diagnosis in our study, includ-
ing tumor location, the maximum diameter of tumor, and cT
stage, was performedmostly by the less experienced radiologist.
It might be better to evaluate all cases by both junior and senior
radiologists with consensus to further improve the diagnostic
accuracy. Fifth, our study only used histogram features on
T2WI; other texture features such as gray-level co-occurrence
matrix and other imaging sequences may also be investigated.
Sixth, whole-tumor ROI drawing is a time-consuming task. The
time required for texture analysis of each case was about 15 min
for those radiologists who are familiar with the software. This
could be largely shortenedwith the development of automatic or
semi-automatic image segmentation technologies.

In conclusion, our study showed that the signal intensity
histogram features of the primary rectal tumor on T2WI sig-
nificantly correlated with regional LN status and that skew-
ness was an independent risk factor of regional LNmetastasis.
If texture analysis was routinely available on workstation dur-
ing the standard reporting workflow, radiologists could use
easily tumor histogram features to reduce uncertainty when
assessing LN status.
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