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Pseudoglandular Formation in 
Hepatocellular Carcinoma Determines 
Apparent Diffusion Coefficient in 
Diffusion-Weighted MRI

INTRODUCTION

Hepatocellular carcinoma (HCC) is a commonly diagnosed malignancy and one of the 
main causes of cancer-related deaths worldwide, especially in Asia (1, 2). A variety of 
methods have been suggested to predict the prognosis of HCC via imaging, in order to 
facilitate diagnosis and treatment planning. Notably, magnetic resonance imaging (MRI) 
has been effectively used in preoperative evaluation. Diffusion-weighted imaging (DWI) 
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Original Article 
Purpose: To determine the impact of pseudoglandular formation on apparent 
diffusion coefficient (ADC) values of hepatocellular carcinoma (HCC) in diffusion-
weighted imaging (DWI), and to validate the results using histopathological grades.
Materials and Methods: We assessed 182 HCCs surgically resected from 169 
consecutive patients. Each type of tumor pseudoglandular formation was categorized 
into “non-,” “mixed-,” or “pure-,” based on official histopathology reports. The ADC 
for each tumor was independently measured, using the largest region of interest 
on the ADC map. Data were assessed using the analysis of variance test, with 
Bonferroni correction for post hoc analysis to stratify the relationship of ADCs 
with pseudoglandular formation, followed by subgroup analysis according to the 
histopathological tumor grades.
Results: The mean ADC was significantly higher in pure pseudoglandular lesions (n 
= 5, 1.29 ± 0.08 × 10-3 mm2/s) than in non-pseudoglandular lesions (n = 132, 1.08 
± 0.17 × 10-3 mm2/s; P = 0.003) or mixed-pseudoglandular lesions (n = 45, 1.16 ± 
0.24 × 10-3 mm2/s; P = 0.034). The ADC values and pseudoglandular formation were 
significantly correlated in moderately differentiated HCCs (n = 103; r = 0.307, P = 
0.007), while well- (n = 19) and poorly-differentiated HCCs (n = 60) did not show 
significant correlation (r = 0.105 and 0.068, respectively; P = 0.600 and 0.685, 
respectively).
Conclusion: The degree of pseudoglandular formation could be one of the 
determinants of ADC in DWI of HCCs-especially moderately differentiated HCCs-while 
its influence does not appear to be significant in well- or poorly differentiated HCCs.
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is used to characterize internal structures based on the 
diffusion properties of water molecules in tissues, reflected 
by the apparent diffusion coefficients (ADCs) (3, 4). It is 
included in a routine protocol for diagnostic liver MRI during 
the assessment of focal lesions (5-8). Recently, several 
studies have reported that ADCs in DWI serve to reliably 
stratify HCCs into different histological grades because of 
their negative correlation with tumor grades (9-16).

ADCs are assumed to be determined by several factors, 
such as the volume of extracellular space, which is 
related to the size of the tumor cells (represented by 
histopathological tumor grade), viscosity, and/or interstitial 
fibrosis, in addition to capillary perfusion. The cellular 
architecture in the tumor may also affect ADCs, for 
example, glandular formation results in increased motion of 
the water molecules, thereby influencing ADC values (17, 
18). In daily clinical practice, HCCs with high ADC values 
have been encountered rather frequently; some of these 
lesions were surgically confirmed to exhibit a large amount 
of pseudoglandular formation. To our knowledge, there has 
been no scientific report published on this topic, involving 
a large population. Thus, this study sought to validate the 
previously reported relationship between the ADC values 
of HCCs and pseudoglandular formation in the tumors, 
followed by comparative validation using histopathological 
tumor grades.

MATERIALS AND METHODS

Subjects
The Institutional Review Board of our institution 

(Gangnam Severance Hospital, Seoul, Republic of Korea) 
approved this retrospective study and waived the 
requirement for informed consent. Eligible patients were 
identified by querying the database of all patients who were 
surgically diagnosed with HCC at our institution between 
January 2011 and December 2017, and 363 potential 
candidates were selected. 

Our analysis included the following: patients 1) who 
had undergone preoperative liver MRI (including dynamic 
enhanced imaging and DWI) within 2 months prior to 
surgery; 2) whose location of tumor on MRI was identical 
to the location of the surgically resected HCC in the 
pathology report; 3) whose pathology report described 
the histopathological grade based on the Edmonson and 
Steiner grading system (I-IV) and architectural patterns 
(trabecular, pseudoglandular, or compact pattern); and 

4) whose definitive localization of the lesion on DWI 
facilitated determination of the regions of interest (ROIs). 
Patients whose lesion size was < 1 cm (to avoid the partial 
volume averaging effect) or whose tumor was treated using 
transcatheter arterial chemoembolization or radiofrequency 
ablation before imaging were excluded from the analysis. 
A total of 182 lesions from 169 patients (range, 38-81 
years; mean age, 58.3 years; male: female ratio of 134:35) 
were finally included in the study. Most patients exhibited 
underlying liver disease: chronic hepatitis B (n = 140), 
hepatitis C (n = 10), hepatitis B and C (n = 1), or alcoholic 
cirrhosis (n = 2) while the remaining 16 patients had no 
known underlying liver disease.

MRI Protocol
All MRI examinations were performed with a 1.5-T MRI 

system (Magnetom Avanto, Siemens, Erlangen, Germany) 
that was equipped with high-performance gradients 
(maximum amplitude 45 mT/m) and a six-element phased-
array surface coil. Before dynamic MRI, the non-contrast 
fast T2- and T1-weighted MRI using half-Fourier single-
shot turbo-spin-echo (HASTE, repetition time [TR] infinite, 
echo time [TE] 84 ms, flip angle 150°, echo train length 256, 
slice thickness 6 mm, slices 27) and double-echo chemical 
shift gradient echo sequences (TR 100 ms, first-echo TE 
2.0 ms [opposed phase], second-echo TE 4.2 ms [in-phase], 
flip angle 70°) were obtained. A fat-suppressed three-
dimensional (3D) gradient echo sequence (i.e., volumetric 
interpolated breath-hold examination [VIBE]; Siemens, 
Erlangen, Germany) was used for multiphasic dynamic 
imaging via intravenous gadoxetic acid injection (Primovist, 
Bayer Schering, Berlin, Germany; 0.025 mmol/kg).

Respiratory-triggered DWI with single-shot echo 
planar imaging was obtained with the following scanning 
parameters: two b factors, 50 s/mm2 and 800 s/mm2; TR, 
3900 ms; TE, 75 ms; matrix size, 156 × 192; average, 6; 
54-60 slices (27-30 for each b factor); slice thickness, 6 
mm; and interslice gap, 20%. The ADC values for each DWI 
sequence were automatically calculated by the MRI system, 
and the corresponding ADC maps were created. The last 
sequence, the delayed hepatobiliary phase, was acquired 
with the VIBE sequence, 20 min after contrast media 
injection.

Data Analysis
All patients’ images, pathology reports, and medical 

records were preliminarily reviewed by the study coordinator 
(a radiologist with 20 years of experience in abdominal 
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MRI), who marked an arrow on each HCC on the gadoxetic 
acid-enhanced hepatobiliary phase images. Two radiologists 
(a radiologist with 10 years of experience in abdominal 
MRI and a fourth-year resident), who were blinded to the 
histopathological grade of the lesions, independently drew 
an ROI on the ADC map to measure the ADC value of each 
tumor. The largest ROI was placed on the enhancing or 
non-necrotic solid portion in each tumor by referring to 
dynamic imaging and other sequence images, such as the 
pre-contrast T1- and T2-weighted images and DWI. To 
minimize the partial volume average affect, each tumor 
margin was excluded. In the absence of clear demarcation 
of the lesion on the ADC map because of its small size, we 
simultaneously displayed the corresponding DWI images (b 
value, 50 s/mm2) on picture archiving and communication 
system monitors. To define the x and y coordinates of the 
lesion on the DWI image, we drew two horizontal and 
perpendicular lines passing through the center of the lesion 
from the left border and the upper border of the image; two 
identical lines were drawn on the corresponding ADC map 
(19). The manually synchronized center of the lesion was 
located and the ROI was placed to measure the ADC values. 
The average values obtained by the two radiologists were 
used for statistical analyses.

The pathologists at our institution reported both the major 
and worst Edmonson and Steiner grades of all surgically 
resected HCCs. In the present study, the major grade was 
considered to represent the imaging characteristics of each 
lesion and was used for analyses. All HCC lesions were 
categorized into three groups according to their grades: 
19 well differentiated (wd) Edmonson and Steiner grade 1 
lesions; 103 moderately differentiated (md) grade 2 lesions; 
and 60 poorly differentiated (pd) HCCs including grade 3 (n 
= 52) and grade 4 (n = 8) lesions. Based on the architectural 
patterns of HCCs focused on the pseudoglandular (PG) type, 
the lesions were divided into three groups according to the 

pathology reports: five pure-PGs, 45 mixed-PGs and 132 
non-PGs (Table 1).

Statistical Analysis
The inter-observer agreement of ADC measurement 

between the two observers was examined using the Bland-
Altman test. Following the Kolmogorov-Smirnov test of the 
data distribution pattern of the measured ADC values, an 
analysis of variance (ANOVA) test was performed to verify 
the relationships between the mean ADCs and two factors 
(i.e., the histopathological grades and the architectural 
patterns). It was followed by multivariate regression 
analysis to confirm the independent effect of each factor. 
To stratify the relationship of ADCs in each subgroup of 
histopathological tumor grade based on architectural 
pattern and vice versa, ANOVA with Bonferroni correction 
for post hoc analysis was performed. All statistical analyses 
were performed using MedCalc (MedCalc Software bvba, 
Ostend, Belgium, version 17.9), and statistical significance 
was set at P < 0.05.

Fig. 1. Bland-Altman plot comparing interobserver 
agreement of apparent diffusion coefficients (ADCs). The 
blue line represents the absolute difference, while the two 
dotted red lines represent the 95% confidence interval of 
the mean difference. The mean absolute difference in the 
ADC measurements between the two observers is 0.010 
× 10-3 mm2/s (limit of agreement, 0.20-0.66). ADC1 and 2 
indicate ADCs measured by observers 1 and 2 (× 10-3 mm2/s), 
respectively.

Table 1. The Number of Each Subgroup of Pseudoglandular 
Types and Tumor Grades of Hepatocellular Carcinomas

Pure-PG HCCs Mixed-PG HCCs Non-PG HCCs Total

wd-HCCs 1 2 16 19

md-HCCs 3 31 69 103

pd-HCCs 1 12 47 60

Total 5 45 132 182
Data are number of the lesions. 
HCCs = hepatocellular carcinomas; md = moderately-differentiated; pd = poorly-
differentiated; PG = pseudoglandular; wd = well-differentiated
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RESULTS

The Bland-Altman plot (Fig. 1) revealed that there 
was no fixed or proportional bias in ADC assessment, 
and substantial reproducibility of the ADC measurement 
between the two observers was confirmed. The mean 
absolute difference in the ADC measurement between the 
two observers was 0.010 × 10-3 mm2/s (limit of agreement, 
0.20-0.66 × 10-3 mm2/s). The overall ADC data exhibited 
sufficient normality to fit subsequent statistical analyses (P 

> 0.05).
For the pseudoglandular pattern, the mean ADC of pure-

PG types (1.29 ± 0.08 × 10-3 mm2/s) was significantly higher 
than the mean ADC of mixed-PG types (1.16 ± 0.24 × 10-3 
mm2/s) or non-PG types (1.08 ± 0.17 × 10-3 mm2/s) (Figs. 2, 
3a). The three groups showed different overall values (P = 
0.003). When comparing the mean ADCs between two of 
the three pseudoglandular patterns, significant differences 
were detected (pure-PG vs. mixed-PG, P = 0.034; pure-PG 
vs. non-PG, P = 0.003; mixed-PG vs. non-PG, P = 0.030). 

ca b
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Fig. 2. Illustrations and representative diffusion-weighted images (b = 800 s/mm2) with correspond-ing apparent diffusion 
coefficient (ADC) maps of the three architectural types of hepatocellular carcinomas. Non-pseudoglandular (a-c), mixed-
pseudoglandular (d-f), and pure-pseudoglandular (g-i) types exhibit different ADC values, as measured by the regions-of-
interest in the ADC maps, depending on the size and number of pseudoglandular formations. 
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The pd-HCCs (1.04 ± 0.16 × 10-3 mm2/s) showed lower 
ADCs than the wd-HCCs (1.10 ± 0.15 × 10-3 mm2/s; P = 
0.968) or md-HCCs (1.14 ± 0.21 × 10-3 mm2/s; P = 0.010) 
(Fig. 3b). Multivariate regression analysis with ADC as 
the dependent variable, two independent variables of 
pseudoglandular formation and tumor differentiation 
showed statistical significance (P = 0.006 and 0.030, 
respectively). The ADC values and pseudoglandular 
formation showed significant correlation only in the md-
HCC subgroup (r = 0.307, P = 0.007), without any significant 
correlation in the wd-HCC (r = 0.105, P = 0.600) and pd-
HCC (r = 0.068, P = 0.685) subgroups.

DISCUSSION

According to the World Health Organization classification, 
HCCs are categorized into three different architectural 
categories: trabecular (plate-like), pseudoglandular (or 

acinar), and compact patterns (20). The most common 
trabecular pattern shows cord-like tumor growth with 
variable thickness, depending on the tumor grade, separated 
by tumoral sinusoids with varying degree of dilatation. The 
pseudoglandular pattern comprises mostly a single layer 
of tumor cells with modified bile canaliculi and varying 
degrees of dilatation. They are usually admixed with the 
trabecular pattern, although a few pseudoglands may 
occasionally be formed by degeneration of thick trabeculae. 
The compact pattern rather commonly found in pd-HCCs 
contains inconspicuous tumoral sinusoids.

DWI measures the movement of water as a signal drop, 
which is partially affected by the distance that each water 
molecule moves in the soft tissue lesions. The diffusion 
coefficient reflects diffusion of extracellular water during 
clinical MRI. Several investigators have reported that HCCs 
with higher tumor grades exhibit lower ADCs than HCCs 
with lower tumor grades (9-16). Although the ADCs of the 
wd-HCCs appeared to be variable among the studies, the 

Fig. 3. Box-and-whisker plots showing the distribution, mean, and range of apparent diffusion coefficient (ADC) values 
for each (a) pseudoglandular type and (b) tumor grade. Individual data are represented as squares. The horizontal line in 
each box indicates the median value and the box indicates data from the 25th to the 75th percentile. The whiskers show the 
upper and lower extremes of data; outliers are marked as separate squares. (a) The mean ADC was significantly higher in 
pure pseudoglandular lesions (n = 5, 1.29 ± 0.08 × 10-3 mm2/s) than in non-pseudoglandular lesions (n = 132, 1.08 ± 0.17 
× 10-3 mm2/s; P = 0.003) or mixed-pseudoglandular lesions (n = 45, 1.16 ± 0.24 × 10-3 mm2/s; P = 0.034). (b) The poorly 
differentiated hepatocellular carcinomas (HCCs) (1.04 ± 0.16 × 10-3 mm2/s) exhibited a lower mean ADC than the well-
differentiated HCCs (1.10 ± 0.15 × 10-3 mm2/s; P = 0.968) or moderately differentiated HCCs (1.14 ± 0.21 × 10-3 mm2/s; P = 
0.010). mADC = mean ADC of two observers (× 10-3 mm2/s), md = moderately differentiated, pd = poorly differentiated, PG = 
pseudoglandular, wd = well differentiated

a b
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pd-HCCs consistently exhibited lower ADCs in all published 
reports, suggesting that smaller tumor cells with thicker 
cellular plates and narrower sinusoidal spaces limit the 
water diffusion that occurs with de-differentiation in most 
of the tumors with trabecular architecture.

For HCCs with a pseudoglandular pattern, as in other 
structures or glandular lesions (17, 18), the glandular 
structure enhances the extracellular molecular motion to 
varying degrees, depending on the size and number of the 
pseudoglands, while other subtypes of compact cellularity 
negatively affect the molecular diffusion. The distribution 
ratio of the pseudoglandular formation in HCC is variable, 
and pure pseudoglandular HCC is quite uncommon (< 5%). 
In the present study, ADC values of pure-PG type were 
significantly higher than ADC values of mixed-PG or non-
PG types. The mixed-PG type yielded ADC values between 
pure-PG type and non-PG type. These results are consistent 
with our hypothesis that increased glandular formation 
is correlated with reduced restriction of water molecule 
motion and increased ADC values.

In the subgroup analysis according to the tumor grades, 
the present study revealed that pseudoglandular formation 
significantly affected ADCs in md-HCCs, but not in wd- 
or pd-HCCs. Histologically, pseudoglandular pattern 
is a hall-mark of HCCs with lower degrees of cellular 
differentiation; the size of the pseudoglands in wd-HCCs 
tends to be smaller than in md-HCCs (20). The number 
of pseudoglandular patterns (pure-PG, 1; mixed-PG, 2; 
non-PG, 16) was too small for statistical validation. We 
suspected that glandular formation in wd-HCCs might not 
be adequate to affect the ADCs in the present study. In 
contrast, the extent of pseudoglandular formation might 
be inherently sparse in the pd-HCCs, which consist of de-
differentiated smaller tumor cells with thick tumor cell 
plates and narrow sinusoids. Regardless of the pathological 
description for the partial presence of glandular structures 
in this limited number of the patients, it would be difficult 
to change the constantly low ADCs of pd-HCCs, which 
coincided with all previous reports (9-16).

Our study has a few limitations. First, although only 
surgically resected and pathologically confirmed HCCs 
were included, pseudoglandular formation was not 
quantified and was roughly classified into three groups 
(pure-, mixed-, non-PGs), according to the descriptions in 
the pathology reports. Furthermore, the number of HCCs 
with pseudoglandular formation was too small to avoid 
selection bias, particularly in wd-HCCs. Ideally, retrospective 
analysis of the number and the size of pseudoglands using 

a standardized protocol by an experienced pathologist 
minimizes the bias in patient selection and provides a 
correlation coefficient relating the glandular formation 
and ADC. Second, we only investigated pseudoglandular 
patterns, without considering other architectural patterns 
(i.e., trabecular and compact). Trabecular type was the most 
common cellular type of HCC, and affected baseline ADCs 
depending on the histopathological tumor grades. The 
number of HCCs showing compact patterns was too small 
to be analyzed as an independent factor. Furthermore, the 
ADCs of compact patterns were expected to be restricted in 
the direction of cellular de-differentiation, which might be 
masked in the present study design. In the future, we hope 
to analyze each histopathological cellular type in a larger 
population. Third, aside from the histological tumor grades 
and architectural pattern, other determinants, including 
vascular perfusion, internal fibrosis, and other degenerative 
processes (e.g., hemorrhage or necrosis) may exist. For the 
perfusion fraction, intravoxel incoherent motion (IVIM) 
imaging quantifies the vascular perfusion and facilitates 
the separation of pure diffusion fraction from ADC (21-23). 
However, IVIM was not included in the routine hepatic MRI 
protocol in our institution and was, therefore, not available 
for analysis. In the area of degeneration, we avoided 
nonsolid tumor components during the localization of the 
ROI in each tumor, as in the previous studies (9-16); we 
believe that such influence was minimized in the present 
study.

In conclusion, our study suggests that the architectural 
variant of pseudoglandular formation could increase the 
ADCs of HCCs, especially in the md-HCCs. The pd-HCCs 
showed consistently lower ADCs, regardless of the presence 
of pseudoglandular formation. Despite several limitations, 
the results of the present study partially explain the 
variability of ADCs in clinical practice. Quantitative analysis 
of the size and extent of pseudoglandular formation in 
HCCs may represent a viable option for further studies 
verifying the present study findings.
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