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ABSTRACT

Background: To evaluate whether whole-volume apparent diffusion coefficient (ADC) histogram parameters of the
primary tumor were useful to predict regional lymph node metastasis (LNM) in periampullary carcinomas.

Methods: Thirty-eight patients with periampullary carcinoma who underwent pancreaticoduodenectomy between January
2016 to April 2019 were retrospectively enrolled. Whole-volume ADC histogram analysis of the primary tumor was
performed by two radiologists independently. Clinical factors, pathological results and histogram parameters were recorded
and evaluated. Intraclass correlation coefficient ICC) was used to assess agreement between observers. Receiver operating
characteristic (ROC) analysis was performed to evaluate the performance of parameters in differentiating LNM-positive
group and LNM-negative group.

Results: Interobserver agreements were good to excellent for histogram analysis between two radiologists, with I1CCs
ranging from 0.766 to 0.967. Tumor size, MR-reported LN status and most ADC histogram parameters (including mean,
minimum ADC value, 10th, 25th, 50th, 75th, and 90th percentile, and kurtosis) were significantly different between LNM-
positive group and LNM-negative group (p < 0.05), and revealed significant correlations with LNM (p < 0.05). At ROC
analysis, tumor size and minimum ADC value generated highest area under the curve (AUC) (AUC = 0.764, 95% confidence
interval [CI]: 0.599, 0.886). When diagnostic predictive values were calculated with the combined model incorporating tumor
size, MR-reported LN status and 75th percentile, the best diagnosis performance was obtained, with AUC of 0.879 (95%
CI: 0.771, 0.986), sensitivity of 100.0%, and specificity of 75.0%.

Conclusion: Whole-volume ADC histogram parameters of the primary tumor held great potential in differentiating regional
LNM in periampullary carcinomas.

INTRODUCTION patients have lost the opportunity for surgery because of
) ) ) lymph node metastasis (LNM), adherent tissues or
Periampullary  carcinomas  (PCs)  constitute  a  rare  yegsels invasion, and distant metastasis Raj et al. (2013).

heterogeneous group of malignant tumors originating from
pancreas, distal common bile duct, duodenum, and ampulla
of Vater. These tumors arise within 2 cm of the major
duodenal papilla, and share a common embryologic origin
from the foregut Bi et al. (2016). Although rare, accounting
for roughly 0.2% of gastrointestinal tumors He et al. (2018),
Yeo et al. (1998), Zakaria et al. (2020), PC is one of the top
five leading causes of cancer-related death worldwide
Malvezzi et al. (2016), with the detection rate increasing year
by year Siegel et al. (2021). Pancreaticoduodenectomy
remains the only potential curative option for resectable
PCs, however, when first diagnosed, neatly 70%-80% of the

Even the tumor was completely resected, the patients’
prognosis is still poor due to the local recurrence and/or
distant metastases after surgery Chen et al. (2013),
Nakeeb et al. (2018).

Patients with PC were prone to be accompanied by
LNM, which was reported to be one of the strongest risk
factors for poor survival Chen et al. (2013), Nakeeb et
al. (2018), Wennerblom et al. (2018). Previous study
showed that the prognosis of patients with LNM was
significantly worse than patients without LNM Nappo
et al. (2015).
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What’s more, Kim et al found that if patients with LNM
received neoadjuvant chemotherapy before surgery,
through the fiborsis of metastastic LNs, patient’s
prognosis could be improved Kim et al. (2016).
Therefore, accurate preoperative evaluation of LN status
is crucial for selecting optimal individualized treatment
strategy, and could assist to predict patients’ prognosis.

Diffusion-weighted imaging (DWI) is a non-invasive
MRI technique to measure molecular Brownian
movement inside tissues, and is quantified by the
apparent diffusion coefficient (ADC) Meyer et al. (2021).
ADC values were proved to be associated with tumor
cellularity, proliferation potential, neoangiogenesis,
lymphocytes and extracellular matrix invasion Meyer et
al. (2021), which can be used to distinguish benign and
malignant neoplasmas, predict patient prognosis, and
assess tumor response to treatment Bi et al. (20106).
Recently, ADC histogram analysis has received extensive
recognition as a reproducible approach which can reflect
the heterogeneity of molecular diffusion within a tumor
region based on pixel distribution Nakajo et al. (2018).
ADC histogram analyses have yielded great potential for
predicting LNM in various malignant tumors, such as
gastric cancer Liu et al. (2017), colorectal cancer Zhou et
al. (2021), Li et al. (2021), Nerad et al. (2019), uterine
cervical cancer Lee et al. (2020), and epithelial ovarian
cancer Wang et al. (2019). Till now, there has been no
published research that has evaluated whether whole-
volume ADC histogram analysis would facilitate LNM
prediction in PCs.

Therefore, the purpose of our study was to assess the
diagnostic potential of ADC histogram analysis for
predicting LNM of PCs.

MATERIALS AND METHODS
Study population

This retrospective study of anonymous data was
approved by the Ethics Committee of our institution, and
requirement for informed consent was waived.
Preoperative MR images of patients with PC were
searched from our database. The inclusion criteria
included: 1) patients were treated with curative whole-
tumor  resection and  lymphadenectomy; = 2)
comprehensive clinical and pathological results were
available; 3) time interval between preoperative MR
examination and surgery was less than two weeks; and 4)
ADC maps had high quality (without artifacts) for
segmentation. The exclusion criteria included: 1) patients
received radiotherapy or chemotherapy before surgery;
and 2) patients suffered from other malignancies
simultaneously. From January 2016 to April 2019, a total
of 38 patients (mean age, 54.6 years; range, 38-72 years),
including 21 men (mean age, 57.2 years; range, 41-72
years) and 17 women (mean age, 52.0 years; range, 38-70
years) were included in our study (Figure 1).
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Figure 1: Flow diagram of patient selection procedure.
ADC = apparent diffusion coefficient.
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MRI examinations

MRI examinations were performed on a 3.0-T MRI
system (Magnetom Verio, Siemens) using an eight-
channel phased-array surface coil. Parallel acquisition
technique and retrospective image intensity correction
(B1 filter) were used to reduce standing wave or dielectric
effects. A respiratory-triggered, fat-suppressed, single-
shot echo-planar imaging in the transverse position was
performed for DWI sequence. Each acquisition was
obtained using b values of 0 and 800 s/mm?2. The overall
acquisition time ranged from 3 to 6 minutes depending
on patient’s respiratory efficiency. ADC map was
generated automatically with a commercially available
software workstation system (Syngo Multimodality
workplace, Siemens). The acquisition parameters of DWI
sequence wete as follows: TR/TE = 4000/73 ms; field of
view = 380 mm X 285 mm; flip angle = 90% matrix = 128
X 78; slice thickness = 5 mm; band width = 2442
Hz/pixel; ETL = 78; echo space = 0.51 ms.

In addition to DWI, routine MRI including a T'1-weighted
dual-echo in- and out-phase sequence, a T1-weighted
volume interpolated body examination (VIBE) sequence,
and a breath-hold turbo spin-echo T2-weighted sequence
were performed before administration of contrast agent.
For enhanced imaging, arterial phase (20-25 sec), portal
venous phase (60-70 sec), equilibrium phase (3 min),
delayed phase (10 min) and hepatobiliary phase (90 min)
were obtained using VIBE sequence after injection of
gadobenate dimeglumine. With a power injector, the
contrast agent was administered intravenously at a rate of
2.5mlL/s for a total dose of 0.1 mmol/kg of body weight,
followed by a 20-mL saline flush.

MR feature evaluation

Two radiologists (observer 1 and observer 2, with 8 and
15 years of experience in abdominal MR interpretation,
respectively) reviewed all images in consensus.
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The following image features were evaluated: 1) tumor
size, defined as the lesion’s maximum diameter on axial
images; 2) vascular involvement, defined as vessel
occlusion, stenosis, or contour deformity due to tumor
invasion; and 3) LNM, defined as LN’s short-axis
diameter larger than 10 mm, or LNs with central necrosis,
or LNs were hyperenhanced than liver parenchyma in
portal venous phase Ji et al. (2019), Bi et al. (2021).

The observers knew that all patients were diagnoses of
PC but were blind for the clinical and pathological details.

Tumor segmentation and histogram analysis

Three-dimensional segmentation was performed using
ITK-SNAP (v. 3.8.0). Two radiologists performed the
tumor segmentation independently. On ADC map, the
region of interest (ROI) was manually drawn freechand on
each transverse section strictly within the border of the
lesion layer by layer, which should include cyst,
hematoma, or necrosis within the lesion, but avoid
common bile duct, main pancreatic duct and other
normal anatomical structures. The ROIs were first
localized on DWI with reference to T1-weighted, T2-
weighted, and gadolinium-enhanced VIBE images, and
mirrored to the ADC maps subsequently.

The volume of interest (VOI) of each lesion was then
automatically generated for histogram analysis (Figure 2).

Figure 2: Histogram analyses on apparent diffusion
coefficient (ADC) maps of periampullary carcinomas in
a 48-year-old woman with lymph node metastasis

(a) and a 65-year-old woman without lymph node
metastasis (b). On ADC map, the region of interest was
manually drawn freehand on each transverse section
strictly within the border of the lesion. After whole-
volume segmentation, the histogram of gray-level
distribution was generated (c, d).

PyRadiomics (v. 3.1.0) was used for feature extraction.
Various first-order parameters including quartiles (25th,
50th, 75th), 10th and 90th percentiles, maximum,
minimum and mean ADC values, energy, kurtosis,
variance, and skewness were obtained.
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Pathological diagnosis of LNM

All the patients underwent lymphadenectomy. The
resected LN  areas  included  peripancreatic,
retropancreatic, hepatoduodenal,  celiac,  superior
mesenteric, portocaval, and aortocaval. Resected LNs of
each area were grouped and sent for histopathological
examination. LNM means that at least one of the LNs was
positive.

Statistical analysis

Univariate analysis was applied to compare the differences
in the clinical factors and ADC histogram parameters
between LNM-positive group and LNM-negative group.
Categorical variables were compared by using Chi-square
test or Fisher exact test, and continuous variables were
compared by using Student’s t test or Mann-Whitney U
test, as appropriate. Interobserver agreement was assessed
by using interclass correlation coefficient (ICC). An ICC
value of 1.0 was deemed to indicate perfect agreement;
0.81-0.99, excellent correlation; 0.61-0.80, good
correlation; 0.41-0.60, moderate agreement; 0.21-0.40, fair
correlation; and 0.20 or less, poor correlation Landis et al.
(1977). Spearman correlation analysis was done to assess
the correlation between variables and LN metastasis.
Diagnostic performance of variables for differentiating
two groups was calculated by using receiver operating
characteristic (ROC) curve analysis, and the evaluation
indicators included area under the curve (AUC),
sensitivity, and specificity. The optimal cutoff value was
defined according to Youden index (the value at which
the sum of the sensitivity and specificity was maximized).
Multivariate model calibration was assessed with the
goodness-of-fit Hosmer-Lemeshow test through a
calibration plot. All statistical analyses were performed
using SPSS software (SPSS for Windows, v. 17.0; Chicago,
IL) and MedCalc software (MedCalc for Windows, v.
12.7.0; Mariakerke, Belgium). A p-value < 0.05 was
considered statistically significant.

RESULTS
Patient demographics

Among the 38 patients in our study, 10 patients (5 men, 5
women; mean age, 48.0 years; range, 47-69 years) were
diagnosed with LNM, and 28 patients (16 men, 12
women; mean age, 55.6 years; range, 38-72 years) without
LNM. In total, 5 patients (50.0%; 5 of 10) with LNM were
understaged, and 3 patients (10.7%; 3 of 28) without LNM
were overstaged based on MR-reported LN status. Nine
tumors (23.7%) were located at duodenum, 6 (15.8%) at
ampulla of Vater, 5 (13.1%) at common bile duct, and 18
(47.4%) at pancreas. Pathological reports showed that 3
tumors (7.9%) were well differentiated, 23 (60.5%) were
moderately differentiated, and 12 (31.6%) were poortly
differentiated (Table 1).
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Table 1: Patient and tumor characteristics
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Characteristic LNM-positive group (n = 10) LNM-negative group (n = 28) | p value
Age (mean T SD) 56.00 £ 7.23 55.86 £ 10.28 0.968
Gender 0.697
Male 5 (50.0) 16 (57.1)
Female 5 (50.0) 12 (42.9)
Tumor size (mean £ SD) 3.68 £1.09 2.63 £ 1.21 0.02
MR-reported LN status 0.009
LNM-positive 5 (50.0) 3 (10.7)
LNM-negative 5 (50.0) 25 (89.3)
Vascular involvement 3 (30.0) 2(7.1) 0.066
Tumor origin 0.306
Duodenum 2 (20.0) 7 (25.0)
Ampulla of Vater 3 (30.0) 3 (10.7)
Common bile duct 0 (0.0) 5(17.9)
Pancreas 5 (50.0) 13 (46.4)
Degtree of differentiation 0.502
High 0 (0.0 3 (10.7)
Moderate 6 (60.0) 17 (60.7)
Low 4 (40.0) 8 (28.6)

Note: Data are number of patients; data in parentheses are percentage unless otherwise indicated. LN, lymph node;
LNM, lymph node metastasis; MR, magnetic resonance; SD, standard deviation.

Univariate analysis
1. Comparison of clinical and pathological characteristics

The tumor size and MR-reported LN status were significantly different between LNM-positive group and LNM-negative
group (p = 0.020 and 0.019, respectively), and revealed significantly positive correlations with LN metastasis (rs = 0.400,
p = 0.011, and rs = 0.424, p = 0.008, respectively). The other parameters did not differ significantly between two groups
(p > 0.05) (Table 1).

2. Comparison of ADC histogram parameters

Interobserver agreements of histogram parameters were good to excellent, with ICCs ranging from 0.766 to 0.967 (Table
2).

The mean, minimum ADC values and 10th, 25th, 50th, 75th, and 90th percentile values were significantly lower in LNM-
positive group than in LNM-negative group (p = 0.014-0.047), and revealed significantly negative correlations with LN
metastasis (rs = -0.403-[-0.327], all p < 0.05). The kurtosis was significantly higher in LNM-positive group than in LNM-
negative group (p = 0.028), and had a positive correlation (rs = 0.360, p = 0.027) with LN metastasis. The other
parameters did not differ significantly between two groups (p > 0.05) (Table 3).

ROC analysis
1. Diagnostic performances of clinical and pathological characteristics. The tumor size generated highest AUC in

all clinical and pathological parameters for
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Table 2: Interobserver Agreement for the Measurement of ADC Histogram Parameters

Histogram parameters ICC (95% CI)
10th percentile ADC 0.938 (0.915, 0.961)
25th percentile ADC 0.933 (0.912, 0.953)

Median ADC 0.923 (0.901, 0.945)
75th percentile ADC 0.917 (0.890, 0.944)
90th percentile ADC 0.917 (0.892, 0.942)

Minimum ADC 0.967 (0.927, 1.000)
Mean ADC 0.936 (0.918, 0.953)
Maximum ADC 0.935 (0.874, 0.995)
Energy 0.911 (0.886, 0.936)
Kurtosis 0.766 (0.663, 0.868)
Variance 0.871 (0.819, 0.924)
Skewness 0.793 (0.722, 0.864)

Note: ADC, apparent diffusion coefficient; Cl, confidence interval; ICC, interclass correlation coefficient.

Table 3: Histogram parameters between the LNM-positive and LNM-negative groups and ROC curve results

Histogram LN.M- LNN.I- p AUC Sensitivity | Specificity Cox:relatlon P value'of
positive negative o 0 0 with LN | correlation
parameters value (95% CI) (%) (%)
group group status (rs) test
10th percentile
ADC 999 + 258 | 1210 * 339 | 0.044 0'71088(501'549’ 80 60.7 -0.332 0.041
(X 10-6 mm2/sec) 851)
25th percentile
+
ADC 1121618_ 1327 £330 | 0.047 0.710483)9'545, 40 100 -0.327 0.045
(X 10-6 mm?2/sec) 849)
Median ADC 1243 £ 0.729 (0.560
+ ’ -
(X 10-6 mm?2/sec) 288 1482 £ 327 | 0.034 0.860) 80 64.3 0.349 0.032
75th percentile
+
ADC 1327598_ 1646 £ 333 | 0.014 0'7%18(;4595’ 80 75 -0.398 0.013
(X 10-6 mm?2/sec) -884)
90th percentile
+
ADC 1533011 - 1803 £ 357 | 0.019 0.75008('?6.?83, 80 67.9 -0.381 0.018
(X 10-6 mm?2/sec) '
Minimum ADC 0.764 (0.599
+ + g .
(X 10-6 mm?2/scc) 699 +292 | 1002 =443 | 0.013 0.886) 90 64.3 0.403 0.012
Mean ADC 1259 £ 0.739 (0.572
+ g _
(X 10-6 mm?2/sec) 30 1497 £ 324 | 0.026 0.868) 80 64.3 0.365 0.024
Maximum ADC 2166 + 0.507 (0.340
+ J _
(% 10-6 mm?2/sec) 450 2200 + 484 | 0.961 0.673) 20 53.6 0.011 0.948
Energy (X 10-6) 981 £ 129 | 558 £810 | 0.172 0'65007<90_};L78’ 70 64.3 0.229 0.167
. 4.66 + 0.736 (0.568
+ >
Kurtosis 597 318 £1.09 | 0.028 0.865) 80 64.3 0.36 0.027
. 0.052 0.550 (0.380
- + ’ -
Variance (X 10-6) +0.019 659 £ 498 0.66 0.711) 100 321 0.076 0.649
0.69 + 0.671 (0.500
+ 3
Skewness 0.59 0.35£0.57 | 0.116 0.815) 100 35.7 0.262 0.113

Note: ADC, apparent diffusion coefficient; AUC, area under the curve; Cl, confidence interval; LNM, lymph node

metastasis; ROC, receiver operating characteristic.
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differentiating  LNM-positive group and LNM-negative
group (AUC = 0.764, 95% confidence interval [CI]: 0.599,
0.8806), with sensitivity of 70.0%, and specificity of 82.1%.
MR-reported LN status also showed good discrimination
capability, with AUC of 0.713, while the tumor location
generated lowest AUC of 0.500. Discrimination capabilities
of vascular involvement and degree of differentiation were
unsatisfactory, with AUC of 0.614 and 0.589, respectively.

2. Diagnostic performances
parameters

of ADC histogram

The minimum ADC value generated highest AUC in all
histogram parameters for differentiating LNM-positive
group and LNM-negative group (AUC = 0.764, 95%
confidence interval [CI]: 0.599, 0.886), with sensitivity of
90.0%, and specificity of 64.3%. The 75th, 90th percentiles,
mean ADC value and kurtosis also showed good
discrimination capability, with AUC of 0.761, 0.750, 0.739
and 0.730, respectively, while the maximum ADC value
generated lowest AUC of 0.507.

3. Diagnostic performances of combined models

When diagnostic predictive values were calculated with the
combined model incorporating MR-reported LN status and
75th percentile, the AUC increased to 0.843 (95% CI: 0.718,
0.968), with sensitivity of 90.0% and specificity of 71.4%.
When incorporating tumor size, MR-reported LN status
and 75th percentile, the best diagnosis performance was
obtained (AUC = 0.879, 95% CIL: 0.771, 0.986), with
sensitivity of 100.0% and specificity of 75.0%. A non-
significant statistic (p = 0.490) of the Hosmer-Lemeshow
test suggested no significant deviation from an ideal fitting.
The ROC curve analyses were showed in Figure 3, and the
diagnostic performance of parameters were presented in

Table 3.

Figure 3: Receiver operating characteristic curves for
diagnostic performance in differentiating lymph node
metastasis (LNM)-positive group from LNM-negative
group periampullary carcinomas. ADC = apparent diffusion
coefficient, AUC = area under the receiver operating
characteristic curve.
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DISCUSSION

In this study, we investigated the diagnostic value of
whole-volume ADC histogram analysis in predicting
regional lymph node metastasis of periampullary
carcinomas. Our results showed that most ADC
histogram parameters were = significantly different
between LNM-positive group and LNM-negative group.
At ROC analysis, the tumor size and minimum ADC
value generated highest AUC of 0.764. When diagnostic
predictive values were calculated with the combined
model incorporating tumor size, MR-reported LN status
and 75th percentile, the best diagnosis performance was
obtained, with AUC of 0.879, sensitivity of 100%, and
specificity of 75%.

Due to the region’s anatomical complexity, PCs remain a
diagnostic and therapeutic challenge. Preoperative
prediction of LNM has received extensive attention due
to its prognostic significance and the essential role in
patient management.

In daily clinical practice, image-based differentiation of
metastatic LNs from nonmetastatic LNs mainly depends
on morphological features and LN’s sizes, which is
inevitably subjective. Moreover, benign LNs with
nonspecific inflammatory hyperplasia and metastatic
LNs with small sizes also exist. Tseng et al revealed that
diagnostic accuracy of conventional CT imaging in
assessing PCs” LNM was less than 81% Tseng et al
(2014). In our present study, half of the patients (5 in 10
patients) with LNM were underestimated based on the
conventional MR images. Therefore, conventional
imaging modalities’ performance in assessment of LN
status is inadequate. It is necessary to explore some new
method to reveal the histopathological characteristics of
metastatic LNs.

Prithivi Raj et al found that PET-CT has a potential
ability for detecting PC’ s LNM. In their study, FDG-
PET/CT showed a sensitivity of 71.4 % and specificity
of 77.8 % for assessment of LNM with cutoff value SUV
max = 2.0. However, small lesions that are less than twice
the imaging resolution would yield false negative results
because of partial volume effect, and high cost of PET
scans may limit its utility in clinical practice Ji et al. (2019).
In one of our previous studies, we established and
validated a radiomics nomogram for preoperatively
predicting LNM in PCs. The results showed that the
radiomics nomogram incorporating radiomics signature
and CT-reported LN status obtained favorable
discrimination and calibration ability in both training and
validation set, with AUC of 0.853 for each set Bi et al.
(2021). However, although the radiomics nomogram
performed well, it was complicated and time-consuming,
to some extent.

Histogram analysis is a rapidly-emerging noninvasive
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method in the field of medical imaging, which is capable of
quantitatively ~ and  objectively ~ assessing  tumor
heterogeneity, regularity, and image roughness by
evaluating the distribution of voxel gray levels without
requiring additional invasive procedures Zhao et al. (2021).
ADC histogram can reflect tissue components with
different diffusion features inside the tumor, which was
proved to  have favorable  repeatability = and
comprehensiveness Wang et al. (2019). LNM has been
reported to be associated with ADC histogram parameters
of the primary tumor Liu et al. (2017), Zhou et al. (2021),
Li et al. (2021), Nerad et al. (2019), Lee et al. (2020), Wang
et al. (2019), which is consistent with our results. ADC
values based on water molecular diffusion can reflect the
microenvironment of tissues. In general terms, acellular
regions (such as cystic and necrotic components) that allow
free water diffusion would yield higher ADC values, and
highly cellular areas in which water diffusion is restricted by
the intensive cell membranes always yield lower ADC
values Nakajo et al. (2018), Subhawong et al. (2014), Shindo
et al. (2016).

When the primary tumor progresses, the proliferative ability
of the tumor cells and their metastatic capacity were
enhanced by the changes of tumor microenvironment
Wang et al. (2019), Woo et al. (2014). Therefore, patients
with LNM showed lower ADC values than that without
LNM.

In present study, we not only evaluated various ADC
values, but also ADC histogram kurtosis, energy, variance
and skewness, which is a more reproducible approach and
reflected the distribution of ADC values Umanodan et al.
(2017). In our study, tumors with LNM showed higher
kurtosis than tumors without LNM. Kurtosis reflects the
peakedness of the histogram distribution and measures the
shape of the probability distribution Just et al. (2014).
Higher kurtosis indicates that the distribution tended to
have heavier tails or outliers, and the mass of the
distribution was more concentrated in tumors with LNM.
Previous research has showed that kurtosis of ADC
histogram could predict LN status in thyroid cancer Schob
et al. (2017). In addition, energy, variance and skewness
have also been reported to be correlated with pathological
characteristics. Higher energy reflects narrower distribution
of intensity levels, higher wvariance reflects more
heterogeneous distribution of ADC values, and higher
skewness reflects more asymmetric distribution of ADC
values Umanodan et al. (2017), Yang et al. (2019). However,
in our study, energy, variance and skewness were not
significantly different between LNM-positive and LNM-
negative group. Further studies focusing on this topic
should be proposed.

For manual tumor segmentation, how to ensure the
reproducibility of histogram analysis is the most important
issue. Reports suggested that compared with a
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representative single cross-sectional lesion segmentation,
whole-tumor analysis was more reproducible because
ADC values were depended on the selected regions of
interest, subjective selection of single section would
reduce inter- and intraobserver agreements Nakajo et al.
(2018). What’s more, since PCs are often heterogeneous,
a single region of interest could not comprehensively
reflect different pathological characteristics within the
entire tumor.

Therefore, in our study, we explored whole-volume
ADC histogram analysis, and an overall good
interobserver agreement was obtained, with ICCs
ranging from 0.766 to 0.967. This was in accordance with
previous studies which revealed that whole-volume
histogram analyses exhibited favorable repeatability in
clinical practice Nakajo et al. (2018), Gourtsoyianni et al.
(2017), Getlinger et al. (2012).

There were several limitations to our study. First, even
with strict inclusion criteria, selection bias inevitably
existed because of the retrospective design of our study.
Patients with an advanced stage who could not undergo
surgery were excluded. Second, this was a single-center
study and the sample size was relatively small, so the
diagnostic criteria proposed in our study should be
validated in another cohort. Finally, the tumor
segmentation was manually done by the radiologists, and
further ~ computer  algorithm-assistant — automatic
segmentation should be used.

In conclusion, whole-volume ADC histogram analysis of
the primary tumor could be a promising and noninvasive
method for predicting regional lymph node metastasis of
periampullary carcinomas.

KEY POINTS

1. ADC histogram parameters of the primary tumor may
help to assess LN status in periampullary carcinoma.

2. ADC histogram parameters of the primary tumor were
significantly different between LNM-positive group and
LNM-negative group in periampullary carcinoma.

3. When diagnostic predictive values were calculated with
the combined model incorporating tumor size, MR-
reported LN status and 75th percentile, the best
diagnosis performance was obtained, with AUC of 0.879.

ABBREVIATIONS

ADC, apparent diffusion coefficient
AUC, area under the curve

CI, confidence interval

DWI, diffusion-weighted imaging
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1CC, interclass correlation coefficient

LNM, lymph node metastasis

PC, periampullary carcinomas

ROC, receiver operating characteristic

RO, region of interest

VIBE, volume interpolated body examination
VOI, volume of interest
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