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Abstract

Introduction: Cholangiocarcinoma (CCA) is the primary
tumor found in the bile duct and is associated with a high
incidence of lymph node (LN) metastases and poor
outcomes. The presence of metastatic lymph nodes, when
shown by imaging, can influence patient treatment and
prognosis. DWI is a promising, non-invasive imaging
technique for differentiating between benign and malig-
nant LNs. Many studies have shown that LN metastases
have a lower apparent diffusion coefficient (ADC) value
when compared to benign nodes.

Objective: To evaluate the performance of ADC values
as a basis for diagnosis of LN metastasis in cholangio-
carcinoma patients.

Materials and methods: This was a retrospective imaging
study that evaluated histopathologically proven intraab-
dominal LNs in cholangiocarcinoma patients who
underwent a 1.5T abdomen MRI with DWI between
January 2012 and July 2016. The ADC values and short-
axis diameters of the LNs were measured and compared
using student’s ¢ test. Receiver operating characteristic
(ROC) curves were used to determine the threshold.
Results: A total of 120 lymph nodes—=85 benign and 35
metastatic—were included. The mean short-axis diameter
of the benign LN (8.34 mm) was significantly lesser than
that of the malignant LNs (9.56 mm). Receiver operating
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characteristic curve analysis using a size criterion of 1 cm
yielded a value of 0.63. A diagnostic size criterion of 1 cm
for the short axis was applied and yielded an accuracy of
66%, sensitivity/specificity of 41%/75%, and positive/
negative predictive value of 34%/80%. The mean ADC
values of metastatic (1.31 x 107> mm?/s) LNs were not
significantly different from those of non-metastatic LNs
(1.29 x 10~ mm?/s).

Conclusion: There was no difference in terms of ADC
value between benign lymph nodes and those with
metastatic cholangiocarcinoma. Isolated measurement
of the ADC value does not contribute to a diagnosis of
lymph node metastasis.

Key words: DWI—ADC measurement—
Cholangiocarcinoma lymph node metastasis

Cholangiocarcinoma (CCA) is the primary tumor found
in the bile duct epithelium in both intrahepatic and
extrahepatic locations. It has a high incidence rate in
northeast Thailand (115:100,000 in men and 50:100,000
in women) [1]. The liver fluke Opisthorchis viverrini (OV)
is an important risk factor of cholangiocarcinoma in this
endemic area [1]. Opisthorchis viverrini inhabits the bil-
iary system for decades causing chronic inflammation of
the bile ducts and periductal fibrosis (PDF), leading to
the development of cholangiocarcinoma [2, 3]. Lymph
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node (LN) metastasis is found in up to 50-60% of all
cholangiocarcinoma patients and is associated with poor
outcomes and prognoses [4]. Radical resection with a
negative surgical margin is the only potential curative
treatment for CCA. Patients who undergo radical
resection have a 5-year survival rate of less than 40% [5,
6], while the most patients who are left untreated have a
median survival of only 6 months [7].

Preoperative staging of the tumor plays an important
role in evaluating resectability. The AJCC Cancer Stag-
ing Manual 7th Edition classified lymph node metastases
into two categories: (1) N1 (lymph node metastases along
the cystic duct, common bile duct, hepatic artery, and
portal vein), which are classified as resectable and (2) N2
(lymph node metastases along the periaortic, pericaval,
superior mesenteric, and celiac artery), which are classi-
fied as unresectable [8]. In general, imaging criteria for
metastatic lymph nodes are that the lymph nodes are
larger than 10 mm in short-axis diameter, they exhibit
central necrosis, and are hyper-enhanced compared to
liver parenchyma in the porto-venous phase on CT
imaging [9]. The sensitivities and specificities of CT,
MRI, and FDG-PET in LN staging among CCA pa-
tients are modest [10—-12]. A non-invasive technique that
accurately assesses lymph node metastasis would be of
great benefit to patients, since surgical lymph node dis-
section (which is regarded as the gold standard method
for diagnosis of lymph node metastasis) increases the
cost and time of diagnosis, as well as the risk of com-
plications to the patient. A non-invasive test would lead
to fewer post-treatment complications and lower costs
[13].

Recently, many studies have sought to use DWI as a
biomarker for tumor detection and characterization, as
well as for evaluating the spread of tumors to lymph nodes
[14-22]. Malignant LNs have lower apparent diffusion
coefficient (ADC) values than benign lesions, which have
lower cellularity, smaller nuclei, lower nucleus-to-cyto-
plasm ratios, and more extracellular space [23, 24]. A
calculated ADC value below 1.25 x 10~* mm?/s has been
shown to serve as a threshold in differentiating between
benign and malignant LNs [25].

The objective of this study was to evaluate the per-
formance of DWI in the diagnosis of LN metastasis in an
area endemic for cholangiocarcinoma.

Materials and methods
Patients

This study was approved by an institutional review
board. We retrospectively reviewed all cholangiocarci-
noma-diagnosed patients who had pathologically evalu-
ated intraabdominal lymph nodes and had undergone
MRI examination of the upper abdomen (including cases
in which the DWI technique was used) in a busy tertiary

care cancer hospital during the period between January
2012 and July 2016.

We excluded cases in which patients had received
previous surgical or non-surgical treatment, the quality
of the DWI was inadequate, there was inadequate doc-
umentation of lymph nodes location, or there was a
pathological result. The final study population consisted
of 120 lymph nodes.

All the patients underwent surgery and local lymph
node dissection. Histopathological confirmation was
performed on all resected lymph nodes. The surgically
resected lymph nodes were documented and anatomi-
cally labeled in a standard location pattern per the sur-
gical gastric cancer lymph node station grid [26] by the
surgeon, which allowed the pathologist and radiologist
to correlate the pathologic and radiologic results. All the
lymph nodes were classified as either metastatic or non-
metastatic. In cases which there were multiple metastatic
lymph nodes within the same station, only the largest was
analyzed.

Image analysis

A gastrointestinal radiologist with 10 years’ experience
in abdominal MR imaging evaluated the images using a
PACS workstation. Images were analyzed in random
order. The reader was blind to all the patients’ infor-
mation, pathological results, and MRI reports.

Quantitative analysis was performed by measuring
the apparent diffusion coefficients (ADCs) of each node
on an independent work station with an ADC map
covering as much of the lymph node as possible and on
which regions of interest were manually marked. Three
ADC measurements were conducted on each node. They
were then averaged to get the final ADC value. The
corresponding DWI and T2-weighted images were used
to assist in identifying the lymph node. The necrotic
areas within the lymph node which showed T2 shine-
through on DWI and ADC maps were not included in
the measurements.

The short-axis diameter of each lymph node under-
went three measurements, of which the average was used
to obtain the final short-axis diameter.

MRI protocol

Magnetic resonance imaging was performed using a 1.5-
T system (Magnetom Aecra, Siemens Medical Solutions,
Erlangen, Germany) with 16-channel body phased array
coils anterior and two spine clusters (three channels each)
posterior.

A coronal T2-weighted half-Fourier single-shot turbo
spin-echo (HASTE) sequence and an axial T2-weighted
turbo spin-echo sequence, as well as an axial dynamic
T1-weighted, three-dimensional spoiled gradient-recalled
echo sequence [volumetric interpolated breath-hold
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examination (VIBE) sequence with spectral fat satura-
tion] following the intravenous administration of Gd-
DTPA, were acquired.

Diffusion-weighted images were acquired using a
single-shot echo-planar imaging sequence. Thus, the
gradient factors (b values) were 0, 150, and 800 s/mm?.
The technical parameters were as follows: echo time,
65 ms; EPI factor, 125; echo spacing, 0.77 ms; receiver
bandwidth, 1736 Hz/pixel; spectral fat saturation; field
of view, 292 x 360 mm; matrix, 125 x 192; section
thickness, 6 mm. Integrated parallel imaging techniques
(iPAT) by means of generalized auto-calibrating partially
parallel acquisitions (GRAPPA) with a two-fold accel-
eration factor were used to shorten the echo train length.
Prospective acquisition correction (PACE) was imple-
mented for respiratory triggering. Data were acquired
during the end-expiratory phase. Diffusion-weighted
imaging was performed before the administration of Gd-
DTPA.

Statistical analysis

Demographic data were analyzed using descriptive
statistics and are presented in terms of percentage, mean,
and standard deviation.

Continuous variables of ADC values and the diame-
ters of benign and malignant lymph nodes were com-
pared using student’s 7 test.

A receiver operating characteristic (ROC) curve was
used to summarize the overall accuracy of DWI using
ADC measurement in detecting metastatic lymph nodes.
Then an optimal cut-off point was determined. The
performance of the test was summarized by the sensi-
tivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV). All data analyses were
carried out using SPSS (version 19.0, SPSS Inc., Chicago,
IL).

Sample size calculation

The sample size calculation was based on the objective of
the study, which is to assess the performance of DWI
using ADC measurement in detecting metastatic lymph
nodes in patients with cholangiocarcinoma. An absolute
precision formula was used to estimate the population
mean. We determined that a sample size of at least 116
cases of intraabdominal lymph nodes would be suit-
able to conduct this study in clinical practice with a 20%
disease rate and 20% estimation error.

Results

We reviewed 63 patients (39 males and 24 females) who
underwent 1.5T abdomen MRIs with diffusion-weighted
images. The mean age was 62.38 4 8.28 years (range
37-80 years). A total of 120 lymph nodes (85 benign

lymph nodes and 35 metastatic lymph nodes) were in-
cluded in the study. The baseline characteristics of the
study population and lymph node locations are shown in
Table 1.

The mean short-axis diameters of benign and malig-
nant lymph nodes were 8.34 (£ 2.39) mm and 9.56
(&£ 3.12) mm, respectively. The benign lymph nodes ap-
peared significantly shorter in diameter than the malig-
nant lymph nodes with P = 0.047, as shown in Fig. 1.
Receiver operating characteristic curve analysis also
showed modest diagnostic characteristics. The area un-
der the curve was 0.63, with P = 0.026, as shown in
Fig. 2. The usual size criteria of 1 cm of short-axis
diameter was applied and yielded a sensitivity/specificity
of 41%/75%, positive/negative predictive value of 34%)/
80%, and 66% accuracy in differentiating between
malignant and benign lymph nodes in our population.
When the short axis cut-off point was dropped to
7.86 cm to differentiate between benign and malignant
lymph nodes, it resulted in sensitivity of 51% and speci-
ficity of 37%, as shown in Fig. 3.

All of the lymph nodes appeared to have higher signal
intensity on higher diffusion sensitizing gradient (b value)
at 0 s/mm?, 150 s/mm?, and 800 s/mm? and consequently
low signal intensity on ADC maps (Figs. 4, 5, 6).

The mean ADC values of metastatic and non-meta-
static nodes on DWI were 1.31 x 107> mm?/s and
1.29 x 107> mm?/s, respectively, as shown in Fig. 7.
However, we found no significant difference in the ADC
values of benign and malignant lymph nodes
(P value = 0.76).

Receiving operating characteristic analysis also found
that the ADC values had no diagnostic characteristics
that could aid in differentiation between metastatic and
non-metastatic nodes (P = 0.76) with an area under the
curve of 0.518, as shown in Fig. 8.

Discussion

The differentiation between benign and malignant lymph
nodes is important for both staging and determining
resectability in cases of cholangiocarcinoma. However,

Table 1. Demographic data of the study population

Patients (number) 63
Mean age (years = SD) 62.38 (£ 8.28) (range 37-80)
Sex
Male 39
Female 24
Lymph nodes (number) 120
Location
Hepatoduodenal ligament 52
Common hepatic artery 43
Posterior pancreatic head 10
Paraaortic 6
Cystic duct 5
Celiac 2
Left gastric artery 1
Superior mesenteric artery 1
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Fig. 1. Mean diameter of benign and malignant lymph

nodes. The mean diameter of benign lymph nodes was
significantly lesser than that of malignant lymph nodes
(P =0.047).
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Fig. 2. ROC curve for differentiating between benign and
malignant lymph nodes using short-axis diameter. The area
under the ROC curve was 0.63 which has no diagnostic
characteristics. P = 0.026.

published studies have shown that none of the estab-
lished morphology criteria, including size, shape, or
presence of necrosis, are very reliable for nodal charac-
terization [25, 27, 28].

Recent studies have found metastatic lymph nodes to
be significantly larger than non-metastatic nodes, but the
clinical usefulness of LN size is still questionable [25, 27,
28]. The traditional size criterion for metastasis is a
short-axis diameter of more than 10 mm [13, 25]. How-
ever, our study demonstrated that a lymph node size
criterion of 10 mm resulted in limited diagnostic accu-

Sensitivity
0.50 0.75 1.00
1 1 1

0.25
|

0.00

T T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity
Area under ROC curve = 0.4387

Fig. 3. ROC curve for differentiating between benign and
malignant lymph nodes using a lymph node short axis cut-off
point of 7.86, which yielded a sensitivity of 51% and specificity
of 37%.

racy in terms of distinguishing between benign and me-
tastatic lymph nodes (sensitivity/specificity = 34%/80%,
positive/negative predictive value = 41%/25%, accu-
racy = 66%). Receiving operating characteristic curve
analysis showed modest diagnostic characteristics with
an AUC of 0.63 (P = 0.026), which suggested that LN
size had moderate usefulness in predicting LN metasta-
sis. Reducing the size threshold for characterizing nodes
enhances sensitivity but does so at the expense of speci-
ficity. This was also shown in our study that dropping
the short axis cut-off point to 7.86 cm to differentiate
between benign and malignant lymph nodes yielded a
sensitivity of 51% and specificity of 37%.

Ruys et al. [29] found similar results when they exam-
ined the efficacy of the size criterion for the detection of
metastatic lymph nodes in patients with hilar cholangio-
carcinoma. They took measurements from a section on a
glass slide using a stereo microscope and found metastatic
LNs to be significantly larger in short-axis and long-axis
diameters than negative nodes. However, ROC analysis
showed low AUC and there was no clear cut-off point.

Diffusion-weighted imaging is a non-invasive func-
tional type of molecular imaging which does not require
contrast medium administration and does not involve
ionizing radiation [13, 30]. The ADC calculated from
DWI images provides a quantitative parameter that re-
flects the effects of capillary perfusion and water diffu-
sion related to the cellularity of the lesion. Malignant
tumors exhibit high signal intensity in DW images with
higher B values and lower ADC values than benign or
normal tissue [27, 31]. Previous studies on various types
of cancer have reported that DWI can be used to dis-
criminate between metastatic nodes and benign lymph
nodes with high degrees of accuracy, and many authors
have reported significant differences in ADC between
metastatic and normal lymph nodes.
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Fig. 4. A 68-year-old man with cholangiocarcinoma. DWI
shows a lymph node at the hepatoduodenal ligament (arrow)
with high signal intensity on low (A) and high b values (B) and

Holzapfel et al. [25] studied the performance of DWI
in diagnosing metastatic lymph nodes in cases of
cholangiocarcinoma using an ADC value of 1.25 x 10~
3 mm?/s as the threshold with a sensitivity and specificity
of 83.3%/92.8% and positive/negative predictive value of
66.7%/96.7%. The results of our study differed from
theirs, which could be due to the small number of the
metastatic lymph nodes in their study cohort or differ-
ences in MRI techniques (they used a different b value).

Our study reported similar results to those found in a
study by Roy et al. [27], who evaluated 259 pelvic lymph
nodes with 180 control and 79 metastatic lymph nodes
and found no differences in signal intensity on DWI or
ADC values between normal and metastatic nodes. This is
also consistent with the results of a study by Nakai et al.
[31], which examined pelvic lymph nodes in gynecologic
malignancies using DWI and found that ADC values did
not indicate differences between metastatic and non-me-
tastatic nodes to a statistically significant extent.

relatively low signal intensity on the ADC map (C) with an
ADC value of 1.43 x 1072 mm?/s. Histopathologic analysis
found no malignancy.

However, Yasui et al. [32] reported that DWI had an
accuracy of 74.8% in detecting lymph node metastasis
based on a study of 46 colorectal cancer patients using a
cut-off ADC value of 1.44 x 107> mm?/s. Li et al. [28]
studied the diagnostic value of diffusion-weighted MRI
for differentiating between metastatic and non-meta-
static retropharyngeal lymph nodes in 145 patients with
nasopharyngeal carcinoma with a sensitivity of 95.7%,
specificity of 95.1%, and accuracy of 96.5% using a
minimal ADC value of 0.89x10° mm?/sec as the
threshold for differentiating between metastatic and non-
metastatic lymph nodes.

Although many studies have proven the feasibility of
ADC for metastatic lymph node detection in various
organs by showing that metastatic lymph nodes have
lower ADC values than benign lymph nodes, the cut-off
ADC value in each type of cancer seems to vary greatly
according to the organ of the primary tumor. There are
some explanations for this variance such as MRI
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Fig. 5. A 53-year-old man with cholangiocarcinoma. DWI
shows a lymph node at the hepatoduodenal ligament
(long arrow) and hepatic artery (short arrow) with high
signal intensity on low (A) and high b values (B) and
relatively low signal intensity on the ADC map (C) with
ADC values of 1.03x 107 mm?%s and 0.98 x

parameters, magnetic field, location and area of the ROI,
patient age, and body temperature [27].

There are several issues regarding the usefulness of
ADC in the proper diagnosis of metastatic lymph nodes.
Firstly, not all metastatic lymph nodes are entirely re-
placed by cancer cells; metastatic lymph nodes may have
areas of carcinoma interspersed with normal tissue. Al-
though ADC values may differ between cancerous and
non-cancerous areas within a single node, the mean ADC
value of a metastatic lymph node may not be signifi-
cantly lower than that of a non-metastatic node. Sec-
ondly, necrosis is a factor that influences diffusion, and
as the amount of necrosis in an affected node increases,
so does the ADC value. Thus, in our study, we excluded
visible necrotic lymph nodes. However, pathological
analysis has shown that micronecrosis is common in

1073 mm?/s,
revealed lymph node metastasis of the hepatoduodenal
lymph node and reactive hyperplasia of the hepatic artery
lymph node. There was no significant difference in terms
of morphology and signal intensity between the two lymph
nodes.

respectively.  Histopathologic  analysis

metastatic lymph nodes, which may still influence the
mean ADC value. In contrast, in benign abnormalities,
such as lipomatosis, sinus histocytosis, and follicular
hyperplasia, can also restrict diffusion due to
microstructural tissue alteration. Inflammatory lymph
nodes, inflammatory cell infiltration, reactive hyper-
plasia, and fibrous connective tissue proliferation can be
seen, which also limit the diffusion of water molecules,
resulting in a decrease in ADC value. ADC has limita-
tions in terms of differentiating between inflammatory
lymph nodes and metastatic lymph nodes because an
ADC value only reflects tissue diffusivity and is not
specific for cancer cells [13, 28, 31].

Many previous studies have suggested employing
lymphotropic nanoparticle-enhanced MRI (LNMRI)
using ultrasmall superparamagnetic iron oxide particles
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Fig. 6. A 61-year-old man with cholangiocarcinoma. DWI
shows a lymph node at the hepatoduodenal ligament (arrow)
with high signal intensity on low (A) and high b (B) values and
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Fig. 7. Mean ADC values of benign and malignant lymph
nodes. There was no statistically significant difference in the
mean ADC values of benign and malignant lymph nodes
(P =0.76).

relatively low signal intensity on the ADC map (C) with an
ADC value of 1.05 x 1072 mm?/s. Histopathologic analysis
suggested lymph node metastasis.

(USPIO), as ferumoxtran-10 is an emerging technique
that is able to accurately differentiate between benign
and metastatic lymph nodes in varying types of malig-
nancy [33—44]. Recently, some studies have shown that
LNMRI using the third-generation USPIOs, such as
ferumoxytol (Feraheme; AMAG Pharmaceuticals), is
also a non-invasive technique that improves lymph node
staging in patients with pancreatic ductal adenocarci-
noma with a sensitivity of 76.5% and specificity of 98.4%,
which are higher than those of conventional imaging
(CT, MRI, and PET/CT). It also has been shown to
exhibit a high potential to outline primary tumors [45,
46]. However, this particle is not universally available.
Our study showed that DWI cannot be used to dif-
ferentiate between metastatic and benign or reactive
lymph nodes in cholangiocarcinoma patients. However,
DWTI is useful in detecting lymph nodes in these cases,
especially N2 lymph nodes, which indicate non-surgical
candidates. Laparoscopic lymph node biopsy with final
pathology reports of these cases could reduce the number
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Fig. 8. ROC curve for differentiating between benign and
malignant lymph node using ADC values. The area under the
ROC curve was 0.518.

of unnecessary open hepatectomies that are performed
and lead to better patient outcomes.

This study had several limitations. First, delineation
of tiny structures like lymph nodes is challenging and has
a high probability of succumbing to the partial volume
effect, leading to inconsistent results, mainly in subcen-
timeter nodes. Second, although all of the lymph node
assessments were confirmed by the pathological results,
the pathological information did not mention whether
the metastasis was microscopic or involved in the entire
node. Third, the sizes and ADC values of lymph nodes
were measured by only one gastrointestinal radiologist
with 10 years’ experience who specialized in abdominal
MR imaging, which may have introduced some bias.
However, since ADC is a quantitative measure, we be-
lieve there would be minimal change had there been more
radiologists involved.

Conclusion

We found no difference in the ADC values between be-
nign and metastatic lymph nodes in cases of cholangio-
carcinoma. An isolated measurement of mean ADC does
not contribute to a diagnosis of lymph node metastasis.
However, benign lymph nodes are significantly smaller
than malignant nodes, which showed mild diagnostic
characteristics allowing for differentiation between these
two conditions.
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