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Abstract:

Background:

Extrahepatic cholangiocarcinoma (EHCC), an exceedingly malignant neoplasm, often eludes early detection, culminating in a dire prognosis.
Accurate cancer staging systems and pathological differentiation are designed to guide adjuvant interventions and predict postoperative prognoses.

Objective:

This study sought to investigate the predictive capacity of DW-MRI in discerning T stages, lymph node metastasis, and pathological differentiation
grades in patients with EHCC.

Methods:
Eighty-five patients were pathologically diagnosed with EHCC and underwent abdominal MRI within two weeks before surgery at our hospital
from Aug 2011 to Aug 2021. Tumor axial maximum area (AMA) and apparent diffusion coefficient (ADC) values for diverse T stages, N stages,
and differentiation grades were retrospectively analyzed.

Results:
The Mann-Whitney U test displayed significantly higher lesion AMA values (P =0.006) and lower tumor ADC values (P = 0.001) in the node-
positive group (median ADC and AMA value: 1.220×10-3 mm2/s, 82.231 mm2) than in the node-negative group (median ADC and AMA value:
1.316×10-3 mm2/s, 51.174 mm2). A tumor ADC value<1.249×10-3 mm2/s from the receiver operating characteristic curve (AUC=0.725, P=0.001)
exhibited  the  capability  to  predict  node-positive  EHCC with  a  sensitivity  of  64.29%,  and  specificity  of  73.68%.  Furthermore,  a  progressive
decrease in the degree of EHCC differentiation was associated with a reduction in the tumor ADC value (P=0.000).

Conclusion:
The N stage and differentiation of EHCC can be evaluated non-invasively using diffusion-weighted MRI.

Keywords: Extrahepatic cholangiocarcinoma, Neoplasm staging, Lymph node metastasis, Pathological differentiation grade, Diffusion-weighted
imaging, The apparent diffusion coefficient value.
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1. INTRODUCTION

Cholangiocarcinoma  (CC),  an  exceedingly  malignant
neoplasm, often eludes early detection, culminating in a dire

* Address correspondence to this author at the Department of Radiology, The
Affiliated Hospital of Southwest Medical University, 25 Taiping Street, 646000,
Luzhou, Sichuan, People’s Republic of China; Tel: +86-18980253083;
Fax: 0830-3165738; E-mail: shujiannc@163.com
# This author equally contributed

prognosis [1]. Emerging from cholangiocytes, this neoplasm is
an  infrequent  occurrence  [2].  The  majority  of  CCs,
approximately  90%  to  95%,  manifest  as  extrahepatic  forms,
classified into perihilar and distal subtypes [3]. Currently, the
prevailing  therapeutic  modality  for  extrahepatic
cholangiocarcinoma  (EHCC)  is  radical  resection,  sometimes
augmented  by  adjuvant  chemotherapy  [3,  4].  This  combined
approach  demonstrates  promise  in  ameliorating  locoregional
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recurrence and bolstering the overall survival of patients with
EHCC [5, 6].

Notwithstanding  these  advancements,  the  prognosis  of
EHCC remains poor, as indicated by a five-year survival rate
of  merely  38%  (range  15-54%)  [7  -  9].  At  the  same  time,
EHCC has a high recurrence rate. Early recurrence (≤2.5 years)
accounts  for  80.8%  of  all  recurrences  [10].  The  most
significant risk factors for long-term survival are cancer staging
systems (including T stage, lymph node and distant metastasis),
pathological  differentiation  grade,  and  tumor  location  [11].
Cancer  staging  systems  are  designed  to  guide  adjuvant
interventions  and  predict  postoperative  prognoses.  Notably,
cases of EHCC associated with biliary tract obstruction exhibit
a more favorable prognosis owing to the timely emergence of
clinical manifestations.

Magnetic  resonance  imaging  (MRI)  is  a  non-invasive,
high-resolution, and non-radiation imaging method for patients
with different diseases [12]. Of note is the utility of diffusion-
weighted  imaging  (DWI),  an  MRI  sequence  enabling  non-
invasive evaluation of tissue microarchitecture and functional
integrity  at  the  cellular  and  molecular  levels  [13  -  15].  DWI
finds  broad  application  across  diverse  pathological  contexts.
The tumor apparent diffusion coefficient (ADC) value derived
from  DWI  holds  predictive  potential  for  T  stage  in  breast
cancer, rectal cancer, and cervical cancer [16 - 18]. The ADC
values  also  correlate  with  tumor  differentiation  grades  of
pancreatic  adenocarcinoma,  glioma,  and  hepatocellular
carcinoma  [19  -  21].  Furthermore,  tumor  ADC  values  bear
relevance  to  lymph  node  involvement  in  colon  cancer  and
breast  cancer,  as  well  as  primary  penile  tumors  [22  -  24].
However,  limited  data  exist  on  the  applicability  of  non-
invasive  DW-MRI  in  forecasting  these  EHCC-specific  risk
factors [25, 26]. This study sought to investigate the predictive
capacity  of  DW-MRI  in  discerning  T  stages,  lymph  node
metastasis, and differentiation grades in patients with EHCC.

2. MATERIALS AND METHODS

2.1. Patient Population

This study adhered rigorously to the principles delineated
in  the  Helsinki  Declaration  and  garnered  requisite  approval
from the Ethics Committee of our hospital (Approval number:
w2019001). Within two weeks preceding surgical intervention
at  our  institution,  patients  underwent  abdominal  MR
examination. This study was conducted from Aug 2011 to Aug
2021.  All  patients  underwent  abdominal  MR  examination
before operation, chemotherapy, or radiotherapy. The records
included  general  clinical  messages,  surgery  records,  MRI
characteristics  and  pathological  findings.  All  records
underwent  meticulous  deidentification  to  ensure  patient
confidentiality.  Consequently,  the  retrospective  analysis
encompassing  patients  diagnosed  with  EHCC  obviated  the
necessity  for  informed  consent.

Stringent  inclusion  and  exclusion  criteria  governed
eligibility  for  participation.  Specifically,  inclusion  criteria
included  tumors  confined  exclusively  to  the  extrahepatic
biliary duct, while patients presenting with concurrent biliary
tract  injuries,  acute  pancreatitis,  chronic  pancreatitis,  or

duodenal  neoplasms  were  excluded  based  on  pertinent
diagnostic  assessments.  Furthermore,  the  fidelity  of  MR
images  in  clearly  portraying  the  targeted  entities  was
mandatory.

Table 1. T stage for PHCC and DCC

Stage Description (PHCC) Description (DCC)
TX Primary tumor cannot be assessed Primary tumor cannot be

assessed
T0 No evidence of a primary tumor No evidence of a primary

tumor
Tis Carcinoma in situ Carcinoma in situ
T1 Tumor confined to the bile duct,

with extension up to the muscle
layer or fibrous tissue

Tumor invades the bile
duct wall. The depth of

invasion is< 5 mm
T2 T2a: Tumor invades beyond the

wall of the bile duct to surrounding
adipose tissue; T2b: Tumor invades

adjacent hepatic parenchyma

Tumor invades the bile
duct wall. The depth of

invasion is between 5 mm
and 12 mm.

T3 Tumor invades unilateral branches
of the portal vein or hepatic artery

Tumor invades the bile
duct wall, the depth of

invasion is>12 mm
T4 Tumor invades the main portal vein

or its branches bilaterally, or the
common hepatic artery; or the
second-order biliary radicals

bilaterally; or unilateral second-
order biliary radicals with

contralateral portal vein or hepatic
artery involvement.

Tumor involves the celiac
axis, the superior

mesenteric artery, or the
common hepatic artery

Abbreviations:  PHCC,  perihilar  cholangiocarcinoma;  DCC,  distal
cholangiocarcinoma.

2.2. Histopathologic Analysis

All  patients  underwent  surgical  resection  and  paraffin-
embedded  specimens  for  histopathologic  analysis.
Hematoxylin-eosin staining of tissue specimens was carried out
by an adept histopathologist with over a decade of experience.
This  evaluation  was  deliberately  blinded  to  individual
participant  data  to  mitigate  bias.

EHCC is dichotomized into perihilar cholangiocarcinoma
(PHCC)  and  distal  cholangiocarcinoma  (DCC).  PHCC
originates from the confluence of the right and left hepatic bile
ducts along with the apex of ductus choledochus, while DCC
originates  from  the  apex  of  ductus  choledochus  to  the
duodenum ampulla  [3].  The  T  stage  of  EHCC was  stratified
into the following four categories based on the American Joint
Commission on Cancer (AJCC, 8th Edition) [27]: PHCC—T1
or lower, T2 (T2a or T2b), T3, and T4 (Table 1); DCC—T1 or
lower,  T2,  T3,  and T4 (Table 1).  The N stage of  EHCC was
categorized  into  N0  and  N1  based  on  the  AJCC  [27].  In
alignment with the World Health Organization (WHO) grading
system,  EHCC  can  be  microscopically  stratified  into  well-
differentiated (G1), moderately differentiated (G2), and poorly
differentiated (G3) categories,  reflective of  tumor cell  atypia
[28, 29].

2.3. MRI Scan

Image acquisition hinged on a 3.0-T superconducting MR
equipment (Philips Achieva, Holland) equipped with a quasar
dual-gradient  setup  and  a  16.0-channel  phased-array  Torso
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coil. Prior to imaging, patients were instructed to fast for 4–8
hours  while  limited  water  intake  was  permitted.  They  were
coached  to  maintain  breath  control  and  suspension  during
supine  imaging.

The imaging procedure consisted of a scout acquisition. A
reference scan for sensitivity encoding (SENSE) reconstruction
showed  in  subsequent  acquisitions,  an  axial  breath-holding
dual fast field echo (dual-FFE) T1-weighted imaging (T1WI),
an axial breath-holding T1 High-Resolution Isotropic Volume
Examination (THRIVE), a coronal turbo spin echo (TSE) T2-
weighted  imaging  (T2WI),  an  axial  Spectral  Attenuated
Inversion  Recovery  (SPAIR),  an  axial  single-shot  DWI with
echo-planar  imaging  (EPI),  a  magnetic  resonance
cholangiopancreatography (MRCP), and a four-phase dynamic
contrast enhanced-THRIVE.

The acquisition parameters for DWI were as follows: the
TR was set  to  the  shortest  time,  the  TE was 70 ms.  The flip
angle  was 90°.  The echo train  length (ETL) was 56,  and the
diffusion sensitivity coefficient (b) value was set to 0 and 800
s/mm2 [12, 25]. The number of signal averages (NSA) was 4,
the  field  of  view  (FOV)  was  375,  and  the  matrix  size  was
128×256.  The slice thickness and gap were 7mm and 1 mm,
respectively.  There  were  24  slices.  The  turbo  factor  was  45,
and the EPI Factor was also 45.

2.4. Image Analysis

Post-processing management of images was accomplished
through  the  Extended  MR  Workspace  R2.6.3.1  (Philip
Healthcare) with the FuncTool package. In a randomized order,
two seasoned radiologists independently reviewed and assessed
image sets. Both radiologists, equipped with over five years of
work  experience,  remained  unaware  of  individual  patient
particulars and clinical or pathological findings. Consistency in
assessment  protocol  and  criteria  was  observed.  Final
quantification was predicated on averaged data from the two
radiologists.  Any  discrepancies  in  visual  interpretation  were
harmonized through consensus.

Documentation included tumor ADC value from the ADC
map,  lesion  signal  intensity  (SI),  and  axial  maximum  area
(AMA)  value  from  DWI.  Rigorous  selection  of  regions  of
interest  (ROI)  avoids  necrosis  areas,  calcifications,  vascular
structures and image artifacts. The ROI for AMA in the DWI
image Fig. (1A) was assumed to be an irregular form mirroring
the lesion’s configuration. For enhanced precision and artifact
mitigation, the ROI for ADC value was first  established in a
magnified,  artifact-free  DWI image  Fig.  (1B).  Subsequently,
this  ROI  was  transposed  onto  the  ADC  map  Fig.  (1C)  to
automatically  generate  the  ADC  value.  Alignment  of  both

ROIs  with  the  lesion's  center  and  maximal  coverage  was
maintained. Adjacent normal hepatic parenchyma served as the
reference  entity  for  qualitative  analysis.  The  lesion  SI  was
visually  observed  and  classified  into  three  grades:  high-
intensity signal, iso-intensity signal, and low-intensity signal.

2.5. Statistical Analysis

All  data  were  imported  into  a  commercially  available
statistical software package (version 23.0, SPSS Inc., Chicago,
IL, US) for statistical analysis. Inter-observer agreement for the
lesion  SI  was  evaluated  using  κ  statistics,  with  κ  scores  of
0.41–0.60, 0.61–0.80, and more than 0.80 indicating moderate,
good, and excellent agreement, respectively. The agreement for
the AMA and ADC value between the two radiologists were
analyzed by using the interclass correlation coefficient (ICC),
with an ICC over 0.75 indicating excellent interrater agreement
[12, 25, 29].

Presentation  of  quantitative  data  adhered  to  mean  ±
standard  deviation  (SD)  for  normally  distributed  data  and
median  values  for  non-normally  distributed  data.  Statistical
analyses  encompassed  analysis  of  variance  for  normally
distributed, homogenous variance data and the Kruskal–Wallis
H  Rank-Sum  test  for  other  scenarios.  Pairwise  comparisons
employed  the  Mann–Whitney  U  test  with  exact  probability
calculations. The accuracy of diagnostic criteria for the AMA
and ADC values was determined by computing the area under
the  curve  (AUC)  from  relevant  receiver  operative
characteristics  (ROC)  curves.  Diagnostic  performance  was
classified as  low,  moderate,  and excellent,  with  AUC ranges
0.50–0.70, 0.71–0.90, and above 0.90, respectively [29]. The
best  cut-off  value  is  selected  according  to  the  maximum
Youden index. Youden index = sensitivity - (1 - specificity).
Statistical  significance  was  predicated  on  a  two-tailed  test
yielding  a  P  of  less  than  0.05.

3. RESULTS

3.1. Clinical and Pathological Findings

During  the  10-year  period  of  this  study,  a  total  of  157
consecutive patients were meticulously scrutinized against the
stringent inclusion and exclusion criteria. This process resulted
in the identification of 85 suitable participants whose clinical
and pathological data are displayed in Table 2.

3.2.1. Consistency between Observers

The  agreement  between  observers  for  lesion  SI  (κ
score=0.85), AMA (ICC=0.89), and ADC values (ICC=0.90)
were notably robust (Table 3).

Table 2. Clinical and pathological data of patients with EHCC.

- N (%) Mean ± SD (Years) Min ~ Max (Years)
Total 85 57.15 ± 17.14 29~84

Gender - - -
   Male 48 (56.47%) 56.65 ± 8.79 39~73

  Female 37 (43.53%) 58.71 ± 11.75 29~84
Location - - -
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- N (%) Mean ± SD (Years) Min ~ Max (Years)
   PHCC 39 (45.88%) - -
   DCC 46 (54.12%) - -
T stage - - -

   T1 10 (11.76%) - -
   T2 30 (35.29%) - -
   T3 43 (50.59%) - -
   T4    2 (2.36%) - -

N stage - - -
   N0 57 (67.06%) - -
   N1 28 (32.94%) - -

Differentiation grade - - -
   G1 29 (34.12%) - -
   G2 41 (48.23%) - -
   G3 15 (17.65%) - -

Abbreviations: EHCC, extrahepatic cholangiocarcinoma; N, sample size; SD, standard deviation; Min, minimum; Max, maximum; PHCC, perihilar cholangiocarcinoma;
DCC, distal cholangiocarcinoma; T stage, tumor stage; N stage, lymph node stage.

Fig. (1). The ROI for EHCC AMA value in the DWI image, and the ROI for ADC value in ADC map.
Description: Fig. (1A) shows the ROI (white irregular graph) for AMA value in the DWI image. Fig. (1B) displays the ROI (white round graph) for
ADC value was first established in a magnified, artifact-free DWI image. Subsequently, this ROI was transposed onto the ADC map to automatically
generate  the  ADC  value.  Alignment  of  both  ROIs  with  the  lesion's  center  and  maximal  coverage  was  maintained.  Adjacent  normal  hepatic
parenchyma served as the reference entity for qualitative analysis. The lesion SI were visually observed and classified into three grades: high-intensity
signal, iso-intensity signal, and low-intensity signal.
Abbreviations: ROI, region of interest; EHCC, extrahepatic Cholangiocarcinoma; AMA, axial maximum area; DWI, diffusion-weighted imaging;
ADC, apparent diffusion coefficient.

Table 3. The consistency between observers

Parameter κ (95%CI) ICC (95%CI)
The lesion SI 0.85 (0.76~0.94) -

The lesion AMA - 0.89 (0.78~0.97)
The lesion ADC value - 0.90 (0.86~0.95)

Abbreviations:  CI,  confidence  interval;  SI,  signal  intensity;  AMA,  axial
maximum  area;  ADC,  apparent  diffusion  coefficient.

3.2.2. Qualitative and Quantitative Findings in DWI

Out of the total EHCC cases, 82 exhibited different degrees
of high-intensity signals in DWI images, rendering a diagnostic
sensitivity  of  96.47%  (82/85).  High-intensity  lesions  were
detected in 100% (10/10) of patients in the T1 group, 97.50%
(39/40) in the T2 group, 93.94% (31/33) in the T3 group and
100% (2/2) in the T4 group. Similarly, high-intensity lesions
were found in 98.24% (56/57) of node-negative EHCC cases
and  92.86%  (26/28)  of  node-positive  EHCC  cases.  Among
patients with different degrees of pathological differentiation,
high-intensity lesions were observed in 96.55% (28/29) of G1

cases,  95.12% (39/41) of G2 cases,  and 100% (15/15) of G3
cases.  There  were  no  statistically  significant  differences  in
lesion SI across different T stages (P=0.754) and pathological
differentiation grades (P=0.691) (Kruskal-Wallis H test) or N
stages (P=0.219) (Mann–Whitney U test).

Analysis of lesion AMA values revealed deviations from
normality in partial T stages (P=0.000 to 0.065) and N stages
(P=0.000  and  0.352),  as  well  as  in  all  pathological
differentiation grades (P=0.001, 0.000 and 0.014, respectively),
as  determined  through  the  Shapiro  Wilk  test.  Tumor  median
AMA values for diverse T stages, N stages, and pathological
differentiation  grades  are  displayed  in  Table  4.  The
Mann–Whitney U test showed significantly lower lesion AMA
values  in  the  node-negative  group  than  in  the  node-positive
group (x2 =7.660, P =0.006). Furthermore, the ROC curve for
the  AMA  indicated  a  low  diagnostic  rate  in  node-positive
EHCCs with an AUC value of 0.685 (P = 0.006). Conversely,
no significant differences in lesion AMA values were detected
across  different  T  stages  (x2=1.157,  P=0.763)  and  tumor

(Table 2) contd.....
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differentiation grades (x2 =0.951, P=0.621), as indicated by the
Kruskal-Wallis H test.

3.2.3. Quantitative Findings in ADC Map

Lesions  exhibited  conspicuous  high-intensity  signals  in
DWI images while presenting low-intensity signals in the ADC
map.  Assessment  of  tumor  ADC  values  demonstrated  non-
normal distribution across all T stages (P=0.000 to 0.031) and
pathological differentiation grades (P=0.049, 0.000, and 0.013,
respectively), as well as certain N stages (P=0.000 to 0.921),
verified by the Shapiro Wilk test. The median ADC values for
tumors within T stages, N stages, and degrees of pathological
differentiation grades are displayed in Table 4. The tumor ADC
values of EHCCs among groups at different T stages showed
no  statistically  significant  differences  (x2  =1.554,  P  =0.670,
Kruskal-Wallis H test). However, the tumor ADC values in the

node-negative group were statistically higher than those in the
node-positive group (x2=11.268, P = 0.001, Mann–Whitney U
test).  The  ROC  curve  for  ADC  values  in  predicting  node-
positive EHCCs Fig. (2) yielded an AUC of 0.725 (P = 0.001),
indicating moderate diagnostic accuracy with a cut-off value of
1.249 ×10-3 mm2/s. A tumor ADC value <1.249×10-3 mm2/s can
forecast  node-positive  EHCCs  with  a  sensitivity  of  64.29%
(18/28), specificity of 73.68% (42/59), the accuracy of 70.59%
(60/85), the positive predictive value of 80.77% (42/52), and
negative  predictive  value  of  54.55%  (18/33).  Comparative
analysis  of  lesion  ADC  values  across  various  differentiation
grades  demonstrated  statistically  significant  differences
(x2=67.546,  P  =  0.000,  Kruskal-Wallis  H  test).  This  was
consistent across all pairwise comparisons (P = 0.000, Mann-
Whitney U  test). Notably, ADC values showed a statistically
significant gradual increase in tandem with the progression of
pathological differentiation grades in EHCCs.

Fig. (2). The ROC curve for the ADC values predicting node-positive EHCC.
Description: The AUC was 0.980 (P=0.000) with a cut-off value of 1.249×10-3 mm2/s.
Abbreviations: ROC, receiver operating characteristic curve; ADC, apparent diffusion coefficient; EHCC, extrahepatic cholangiocarcinoma; AUC,
area under the curve.

Table 4. Lesion AMA and ADC values for EHCCs in different T stages, N stages and pathological differentiation grades.

- AMA
value

Median and (mean ± SD)
(mm2)

Min~ Max
(mm2) x2 P ADC

value
Median and (mean ±

SD) (×10-3 m2/s)
Min ~ Max

(×10-3 mm2/s) x2 P

T stage (n) - - - 1.157 0.763 - - - 1.554 0.670
   T1 (10) - 55.774(72.012±33.027) 33.246~127.928 - - - 1.286(1.345±0.192) 1.176~1.708 - -
   T2 (40) - 55.243(67.024±36.761) 29.773~154.833 - - - 1.287(1.313±0.191) 1.052~1.897 - -
   T3 (33) - 73.448(76.452±40.972) 30.385~195.037 - - - 1.317(1.339±0.188) 0.925~1.951 - -
   T4 (2) - 60.052(60.052±34.899) 35.374~84.729 - - - 1.220(1.220±0.189) 1.004~1.436 - -

N stage (n) - - - 7.660 0.006 - - - 11.268 0.001
   N0 (57) - 51.174(65.412±39.492) 29.773~195.037 - - - 1.316(1.375±0.196) 1.083~1.951 - -
   N1 (28) - 82.231(82.699±31.251) 32.734~154.833 - - - 1.220(1.222±0.166) 0.925~1.475 - -

Differentiation
grade (n) - - - 0.951 0.621 - - - 67.546 0.000
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- AMA
value

Median and (mean ± SD)
(mm2)

Min~ Max
(mm2) x2 P ADC

value
Median and (mean ±

SD) (×10-3 m2/s)
Min ~ Max

(×10-3 mm2/s) x2 P

T stage (n) - - - 1.157 0.763 - - - 1.554 0.670
   G1 (29) - 55.414(69.264±41.297) 29.773~195.037 - - - 1.528(1.526±0.170) 1.317~1.951 - -
   G2 (41) - 57.139(70.831±38.132) 30.295~154.833 - - - 1.256(1.260±0.054) 1.176~1.330 - -
   G3 (15) - 87.729(75.424±30.499) 32.734~116.158 - - - 1.148(1.114±0.074) 0.925~1.183 - -
Total (85) - 59.294(71.107±37.689) 29.773~195.037 - - - 1.309(1.325±0.189) 0.925~1.951 - -

Abbreviations: AMA, axial maximum area; ADC, apparent diffusion coefficient; EHCC, extrahepatic cholangiocarcinoma; T stage, tumor stage; N stage, lymph node
stage; SD, standard deviation; Min, minimum; Max, maximum; n, sample size.

4. DISCUSSION

The  rapid  development  of  MRI  technology  in  medical
research  has  ushered  in  remarkable  improvements  in  EHCC
diagnosis.  Cutting-edge  MRI  techniques,  encompassing
comprehensive  liver  and  bile  duct  evaluations,  such  as
abdominal dynamic contrast-enhanced MRI, MRCP, and DWI,
have firmly established themselves as the preferred diagnostic
method. These methods not only facilitate EHCC diagnosis but
also  play  a  pivotal  role  in  assessing  resectability  and
monitoring  recurrence  in  high-risk  CC  populations  [30].
Particularly, DWI has emerged as an indispensable tool, swiftly
and  precisely  revealing  the  spatial  structure  and  tissue
organization, as well as the dynamic water exchange properties
influenced by pathological or physiological factors. The signal
attenuation in DWI is closely linked to the micro-movement of
water  molecules  and  the  perfusion  of  capillary  micro-
circulation  [14].  Due  to  its  higher  cell  density  than  normal
structures,  EHCCs  consistently  exhibited  SI  in  DWI  images
and  reduced  SI  in  ADC  maps.  To  counteract  the  T2  shine-
through  effect,  we  employed  DWI  images  with  different  b
values (low and high were 0 and 800 s/mm2, respectively). The
primary objective of this study was to determine the utility of
DWI  in  providing  therapeutic  strategies  and  prognostic
assessments  for  clinical  interventions.

Our  findings  revealed  that  tumor  ADC  values  were
significantly  lower  in  EHCCs  with  lymph  node  metastases,
particularly with a b value of 800 s/mm2. A tumor ADC value
less than 1.249×10-3 mm2/s exhibited the capability to predict
node-positive  EHCCs  with  a  sensitivity  of  64.29%  (18/28),
specificity  of  73.68%  (42/59),  accuracy  of  70.59%  (60/85),
positive  predictive  value  of  80.77%  (42/52),  and  negative
predictive value of 54.55% (18/33). Furthermore, the variation
in  tumor  ADC  values  correlated  with  pathological
differentiation  grades.  Notably,  G1  displayed  higher  values
than G2, while G2 exhibited higher values than G3, with these
differences  demonstrating  statistical  significance.  The
augmented  cell  density,  narrower  extra-cellular  gap,  lower
differentiation  grades,  and  faster  growth  within  EHCCs
collectively contribute to restricted water molecule movement
[31]. Meanwhile, a trend of ascended AMA values emerged in
node-positive  EHCCs,  differentiating  them  from  their  node-
negative  counterparts.  However,  AMA  values  exceeding
74.258 mm2  fell short in predicting node-positive EHCCs, as
indicated  by  a  low  diagnostic  efficacy  (AUC:  0.685,  P  =
0.006). This observation could be attributed to the retrospective
analysis of the study, the relatively low incidence of EHCCs,
and the small sample size.

We  also  observed  that  MR-DWI  could  not  distinguish

between different  T stages of EHCCs based on ADC values.
This  could  be  attributed,  in  part,  to  the  fact  that  numerous
patients with advanced T4 stage and distant metastases did not
undergo surgical  intervention,  thereby diminishing the living
patient pool available for T4 tumor analysis and consequently
attenuating  the  statistical  significance  of  the  differences
observed. Similarly, differences in the AMA across EHCC T
stages  did  not  yield  statistically  significant  differences,
although the AMA varied based on pathological differentiation
grades.  Considering  that  the  AMA  represents  the  axial
maximum area, its capacity to comprehensively represent the
entire  tumor  might  be  limited,  especially  in  cases  involving
adjacent anatomical regions.

However, it is imperative to acknowledge the limitations of
this study. Despite the rigorous implementation of double-blind
techniques,  rigorous  inclusion  and  exclusion  criteria,  and
analysis  of  radiologists’  decisions  for  consistency,  the
retrospective  design  introduces  potential  selection  bias.
Additionally,  manual  selection  of  the  ROIs  for  tumor  ADC
values  and  AMA  measurements  introduces  the  potential  for
errors.  Automated  ROI  measurements  for  ADC  values  and
AMA  could  provide  a  more  objective  and  preferable
description  of  tumor  features.  Furthermore,  the  study's
relatively  limited  patient  cohort  can  be  attributed  to  the  low
incidence of EHCC. The use of a minor matrix in DWI with
EPI resulted in low spatial resolution and signal-to-noise ratio,
leading to a low detection rate in DWI images.

Moreover,  lesions < 5 mm in size are only visible in the
presence of bile duct  strictures (tumor in situ and infiltrative
EHCC),  and  even  when  identified,  measurement  precision
might  be  compromised.  In  some  cases,  the  complexity  of
distinguishing  between  distal  bile  duct  cancer  and  adjacent
organ tumors exhibiting mutual invasion further underscored
the study's  limitations.  The slender nature of  the normal bile
duct  wall  and  the  low  spatial  resolution  in  the  ADC  map
precluded a comparison of  ADC values between normal bile
ducts  and  EHCC  lesions.  Lastly,  the  study  lacked  post-
treatment patient follow-up, thus impeding the assessment of
postoperative outcomes. In the future, larger-scale multicenter
studies  are  indispensable  to  elucidate  the  correlations  of  the
ADC  value  and  AMA  with  treatment  outcomes.  We
recommend  monitoring  patients'  pre-treatment  and  post-
treatment imaging. It is essential to emphasize that the role of
DWI  in  EHCC  remains  exploratory,  necessitating  further
investigations  to  solidify  its  clinical  significance.

CONCLUSION

In  summary,  the  N  stage  and  differentiation  grade  of
EHCC  can  be  assessed  non-invasively  using  DW-MRI.

(Table 4) contd.....
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LIST OF ABBREVIATIONS

CC = Cholangiocarcinoma

EHCC = Extrahepatic cholangiocarcinoma

MRI = Magnetic resonance imaging

DWI = Diffusion-weighted imaging

ADC = Apparent diffusion coefficient

PHCC = Perihilar cholangiocarcinoma

DCC = Distal cholangiocarcinoma

AJCC = The American Joint Commission on Cancer

WHO = The World Health Organization

G1 = Good-differentiation

G2 = Moderate-differentiation

G3 = Poor-differentiation

SENSE = Sensitivity encoding

dual-FFE = Dual fast field echo

T1WI = T1-weighted imaging

THRIVE = T1WI high spatial resolution isotropic volume exam

TSE = Turbo spin echo

T2WI = T2-weighted imaging

MRCP = MR cholangiopancreatography

ETL = Echo train length

b value = The diffusion sensitivity coefficient value

NSA = Number of signal averages

FOV = Field of view

SI = Lesion signal intensity

AMA = Axial maximum area

ROI = Region of interest

ICC = The interclass correlation coefficient

SD = Standard deviation

ANOVA = The analysis of variance

AUC = The area under the curve

ROC = Receiver operative characteristics
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