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Background: Imaging modalities can reflect the underlying histopathology of tumors. However, the 
precise interactions between histopathological microstructure and the resulting imaging phenotype remain 
elusive. Predicting histopathological features, including the extracellular matrix, in a non-invasive manner 
could improve clinical care of liver tumors. The present study used cross-sectional guided biopsy specimens 
to utilize accurate spatial biopsy localization to correlate magnetic resonance imaging (MRI) derived the 
apparent diffusion coefficient (ADC) values with collagen IV expression in various liver cancers. 
Methods: A total of 127 patients (n=68 female; 45.6%) with a mean age of 65.3±12.3 years were included 
in the analysis. Inclusion criteria were an available cross-sectional biopsy, available biopsy specimens and a 
pre-interventional MRI with diffusion-weighed imaging (DWI) sequence. The tumors included 45 patients 
(35.4%) with hepatocellular carcinoma (HCC), 26 patients (20.5%) with cholangiocellular carcinoma and 
56 patients (44.1%) with liver metastases of various primary tumors. Prebioptic liver MRI with diffusion-
weighted imaging was used to correlate ADC values with collagen IV expression obtained from liver biopsy. 
The ADC values were measured in a co-registered way with cross-sectional biopsy imaging to ensure the 
spatial concordance between imaging and histopathology. The stained area and signal intensity of the 
immunohistochemical staining were examined.
Results: The mean average stained area of collagen IV was 32.6%±27.4% and the mean staining intensity 
was 2.03±1.01. HCC showed statistically less stained area compared to the other tumor types (analysis of 
variance P<0.0001). In the overall patient sample, there was no correlation between ADCmean and average 
stained area (r=0.05, P=0.55) and staining intensity (r=−0.04, P=0.60). In a subgroup analysis of HCC 
patients, there was a significant correlation between ADCmin and the staining intensity (r=−0.33, P=0.02).
Conclusions: ADC values are not associated with collagen IV expression in liver tumors. The complex 
extracellular matrix is not reflected by the DWI signal, which can be discussed as mainly be influenced by 
the cellularity of the tumors. Further research is needed to investigate the complex interactions between 
histopathology and the resulting imaging phenotype of MRI for clinical care.
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Introduction

Magnetic resonance imaging (MRI) can diagnose and 
characterize focal liver lesions. However, despite of increasing 
diagnostic capabilities and improved image quality, definitive 
histopathologic evaluation is still mandatory in most cases  
(1-4). However, liver biopsy procedure is an invasive procedure 
with a reported complication rate of 1% (5-7). 

Therefore, extensive ongoing translational research 
efforts are investigating the possibility of non-invasive 
imaging modalities to predict histopathological features of 
tumors to reduce the need for histopathological evaluation.

Promising quantitative MRI methods can provide 
imaging markers, which are associated with cellularity, 
proliferation and other relevant features of tumors (8-14). 

Among them, diffusion-weighted imaging (DWI) 
quantified by apparent diffusion coefficient (ADC) can reflect 
tumor cellularity and proliferative potential of tumors. The 
exact reasons for the ADC values of the tumors and the 
underlying tissue characteristics are complex (14-16). In most 
studies, cell count and cell sizes are emphasized as the tumor 
characteristics to reduce the water movement within the 
tumors (14-16). Large cell nuclei and large cell sizes lead to 
a reduction of the extracellular space, which is the part with 
the more free movement of the protons (14,17). However, 
the importance of the extracellular composition is widely 
discussed as the amount of extracellular matrix proteins 
can also reduce the free movement of the protons (18-20). 
However, this fact has only been investigated in in-vitro  
studies. Only few reports investigated the relationships 
between extracellular matrix and ADC values (21). In 

particular, the communication between tumor and matrix 
composition is of great importance, as the complex cellular 
cross-talk can lead to tumor suppression and tumor 
progression depending on the signaling pathways (22,23). 

There is a clear clinical need to predict the underlying 
microstructure of tumors using imaging modalities. It could 
better provide image guidance for personalized treatments 
in a longitudinal fashion, whereas histopathology requires an 
invasive biopsy specimen that cannot be repeated multiple 
times. In addition, only imaging can provide information 
regarding about the entire tumor, whereas biopsy can only 
analyze a small part of the tumor. For example, the acquired 
specimen may be from a less aggressive tumor part and may 
not be representative of the entire tumor.

However, no study has investigated potential associations 
between the major extracellular matrix protein collagen 
IV and the ADC values using direct co-registration of the 
localization of the biopsy localization to ensure the correct 
associations between imaging and histopathology.

Therefore, the aim of this study was to elucidate possible 
associations between preinterventional MRI and bioptic 
specimen in liver cancer patients using exact spatial co-
registration. We present this article in accordance with 
the STROBE reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-24-1516/rc).

Methods

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by institutional ethics committee of the Otto von Guericke 
University, Magdeburg (approval number 43/20) and 
informed consent was waived from all individual participants 
due to the retrospective nature of the study.

This patient sample was previously evaluated in a study 
investigating ADC values and biopsy findings elsewhere (24).

Patients were included in this study if they met the 
following inclusion criteria: 
	 Pre-interventional MRI within 1 month before the 

biopsy.
	 Available computed tomography (CT)- or MRI-

guided liver biopsy images with documented position 
of biopsy needle;

	 Lesion size >5 mm;
	 Available pathologic specimens;
Exclusion criteria were: significant artifacts on pre-

interventional MR images.
A total of 127 patients [68 (45.6%) women] with a mean 
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age of 65.3±12.3 years and a median age of 64.5 years were 
included in the present study. Due to the exploratory study 
design, sample size estimation was not possible.

The tumors included 45 patients (35.4%) with hepatocellular 
carcinoma (HCC), 26 patients (20.5%) with cholangiocellular 
carcinoma (CCC), 22 patients (17.3%) with liver metastasis 
of colorectal cancer (CRC), 20 patients (15.7%) with liver 
metastasis of breast cancer (BC), with 14 (11.0%) liver metastasis 
of pancreatic ductal adenocarcinoma (PDAC) (10.0%).

MRI 

In all cases MRI was performed on a clinical 1.5-T scanner 
(Intera, Philips Healthcare, Hamburg, Germany). The 
imaging protocol included T2-weighted single-shot and 
turbo-spin echo sequences with and without fat suppression 
[repetition time (TR)/echo time (TE) =1,600:100]. Dynamic 
contrast-enhanced scans were obtained after administration 
of Gadolinium ethoxybenzyl-diethylenetriaminepentaacetic 
acid (0.1 mmol/kg body weight, Primovist®, Bayer 
HealthCare, Leverkusen, Germany): T1 weighted gradient 
echo sequences in the arterial, portal-venous and late venous 
phase as well as hepatobiliary phase 20 minutes after contrast 
media application. The parameters of the sequence were as 
follows: [TR 4 ms, TE 2 ms, Matrix 172×172, field of view 
(FoV) 345 mm × 345 mm, flip angle 10°]. The DWI was 
performed with a echo-planar imaging (EPI) sequence with 
respiratory triggering (TR/TE: 1959/59, FoV: 360 mm × 
360 mm, matrix 144×142, b values of 0 and 600 s/mm2, one 
repetition per b-value for b0 and 4 repetitions per b-value 
for b600, flip angle 90°) was obtained. The ADC maps were 
provided by the software.

All percutaneous biopsy procedures were performed by 
an experienced radiologists under sterile conditions using 

18-Gauge coaxial needles during clinical routine. In each 
case, two to three cylindrical samples were obtained under 
CT- or MRI-guidance depending on the investigator’s 
preference and the clinical situation. 

Imaging analysis

MR images were analyzed within the clinical used picture 
archiving and communication system. The direct spatial 
correlation was performed with the subsequent CT- or 
MRI-guided biopsy. The region of interest (ROI) of the 
pretreatment MRI was placed at the last localization of 
the coaxial needle. The measurement was performed 
by a board-certified radiologist with 15 years of general 
experience. First, the images of the biopsy procedure 
were analyzed by the radiologists and the needle tip of 
the biopsy was determined Then, the radiologist drew a 
cylindrical ROI on the ADC map of each target lesion 
exactly corresponding to the needle position on the biopsy 
images to ensure high spatial correlation between imaging 
and histopathology. To improve the measurements, the 
post-contrast T1-weighted images were co-registered 
with the ADC maps to enhance the visualization between 
the sequences. All measurements were performed by an 
experienced board-certified radiologist with 16 years of 
experience in hepatobiliary imaging. ADCmean, ADCmin, 
and ADCmax values were estimated for all lesions. Figure 1 
provides a representative patient with the measurement.

Histological analysis with immunohistochemistry of 
Collagen IV expression

All biopsy specimens of the tumors were acquired before 
any form of treatment. In every case, the histopathology 

A B C D

Figure 1 Representative case of the patient sample with a large tumor in the right liver lobe. (A) Portal-venous T1-weighted image with 
hypointense signal intensity of the tumor in the right liver lobe. (B) Axial slice of the computed-tomography-guided biopsy with display of 
the biopsy system centrally within the tumor. (C) Apparent diffusion coefficient-map and drawn region of interest of the biopsy region. The 
region of interest is highlighted by the white box. (D) Collagen-IV staining of the tumor. The magnification is 20-fold.
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was evaluated by two experienced pathologists (D.J., K.I.S.) 
in consensus blinded to patient or imaging data.

First, formalin-fixed, paraffin-embedded tissue serial 
sections (3 µm) were dewaxed in xylol and rehydrated 
by descending concentrations of ethanol. In every case, 
standard hematoxylin and eosin (HE) staining and following 
immunohistochemistry was performed. For antigen 
detection purposed, the automated immunohistochemistry 
slide staining system VENTANA BenchMark ULTRA 
(Roche Diagnostics GmbH, Mannheim, Germany), the 
VENTANA iVIEW DAB Detection Kit (Roche Diagnostics 
GmbH) and the indirect biotin-streptavidin method was 
used before the counterstaining with Haemalaun solution. 
Then, antigen retrieval was performed with proteinase 1 

for 16 min, followed by incubation with specific primary 
antibody recognizing Collagen IV (polyclonal mouse 
antibody, clone CIV22; CellMarque, #239M-15), at 36 ℃ 
for 32 minutes, dilution 1:100. The stained area per high 
power field as well as the staining intensity were measured 
as outcome parameters. The protocol was performed 
according to the previous description (25).

Statistical analysis

Statistical analysis and graphics creation were performed 
using GraphPad Prism 9 (GraphPad Software, La Jolla, 
CA, USA). Collected data were evaluated by means of 
descriptive statistics (absolute and relative frequencies). 
Spearman’s correlation coefficient (r) was used to analyze 
associations between investigated parameters after testing for 
normality distribution with Kolmogorow-Smirnow test. In 
discrimination analysis of subgroups Mann-Whitney-U test 
was used. Analysis of variance (ANOVA) test was used to test 
for differences for all tumor types. In all instances, two-sided 
P values <0.05 were taken to indicate statistical significance.

Results

The mean average-stained area of collagen IV was 
32.6%±27.4% and the mean staining intensity was 2.03±1.01. 

There were differences of the stained area according to 
tumor type. HCC showed statistically lower stained area 
compared to the other tumor types (ANOVA P<0.001) 
with a mean of 13.5%±17.4% compared to 53.3%±24.8% 
for CCC, 42.1%±26.7% for CRC, 47.0%±21.8% for 
BC and 20.4%±22.0% for PDAC (Figure 2). For mean 
staining intensity CCC showed the highest intensity with a 
mean of 2.5±0.7 (ANOVA, P=0.01), which was statistically 
significant compared to PDAC with a mean of 1.5±1.1. 

The descriptive statistics regarding the ADC values of 
the different tumors is given by Table 1.
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Figure 2 Box plot analysis to demonstrate the differences of the 
stained area in accordance to the tumor type. Hepatocellular 
carcinoma showed the lowest stained area with a mean of 
13.5%±17.4% compared to 53.3%±24.8% for cholangiocellular 
carcinoma, 42.1%±26.7% for colorectal cancer, 47.0%±21.8% 
for breast cancer and 20.4%±22.0% for pancreatic ductal 
adenocarcinoma. BC, breast cancer; CCC, cholangiocellular 
carcinoma; CRC, colorectal cancer; HCC, hepatocellular 
carcinoma; PDAC, pancreatic ductal adenocarcinoma.

Table 1 ADC parameters of the investigated tumors

ADC parameter Overall sample HCC CCC CRC BC PDAC P value ANOVA

ADCmin ×10−3 mm2/s 0.72±0.23 0.78±0.22 0.75±0.27 0.67±0.23 0.64±0.13 0.60±0.20 0.03

ADCmean ×10−3 mm2/s 0.95±0.31 1.00±0.27 1.03±0.39 0.95±0.33 0.89±0.20 0.75±0.22 0.055

ADCmax ×10−3 mm2/s 1.26±0.36 1.34±0.33 1.33±0.44 1.23±0.37 1.15±0.28 1.06±0.29 0.057

Data are presented as mean ± SD. ADC, apparent diffusion coefficient; ANOVA, analysis of variance; BC, breast cancer; CCC, 
cholangiocellular carcinoma; CRC, colorectal cancer; HCC, hepatocellular carcinoma; PDAC, pancreatic ductal adenocarcinoma; SD, 
standard deviation.
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Figure 3 Spearman’s correlation analysis between ADCmin 
and the intensity of the Collagen-IV staining in hepatocellular 
carcinoma patients (r=−0.33, P=0.02). ADC, apparent diffusion 
coefficient.

Table 2 Correlation analysis between ADC parameters and the 
investigated matrix parameters in hepatocellular carcinoma patients

ADC parameters
Mean stained area Mean staining intensity

r P value r P value

ADCmin −0.19 0.19 −0.33 0.02

ADCmean −0.14 0.34 −0.22 0.14

ADCmax −0.07 0.62 −0.03 0.81

ADC, apparent diffusion coefficient.

Table 3 Correlation analysis between ADC parameters and the 
investigated matrix parameters in cholangiocellular carcinoma patients

ADC parameters
Mean stained area Mean staining intensity

r P value r P value

ADCmin 0.26 0.19 −0.15 0.46

ADCmean 0.34 0.08 −0.16 0.42

ADCmax −0.13 0.50 −0.19 0.34

ADC, apparent diffusion coefficient.

Table 4 Correlation analysis between ADC parameters and the 
investigated matrix parameters in metastasis of colorectal cancer patients

ADC parameters
Mean stained area Mean staining intensity

r P value r P value

ADCmin −0.06 0.97 −0.06 0.78

ADCmean 0.07 0.72 0.14 0.51

ADCmax −0.08 0.69 0.01 0.94

ADC, apparent diffusion coefficient.

Table 5 Correlation analysis between ADC parameters and the 
investigated matrix parameters in metastasis of pancreatic cancer patients

ADC parameters
Mean stained area Mean staining intensity

r P value r P value

ADCmin 0.01 0.96 0.17 0.54

ADCmean 0.09 0.74 0.25 0.37

ADCmax 0.15 0.58 0.37 0.18

ADC, apparent diffusion coefficient.

Table 6 Correlation analysis between ADC parameters and the 
investigated matrix parameters in metastasis of breast cancer patients

ADC parameters
Mean stained area Mean staining intensity

r P value r P value

ADCmin 0.01 0.98 0.03 0.98

ADCmean 0.15 0.50 −0.11 0.62

ADCmax 0.16 0.49 0.01 0.99

ADC, apparent diffusion coefficient.
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r=–0.33, P=0.02

Correlation analysis

In the total patient sample, there was no correlation 
between ADCmean and average stained area (r=0.05, 
P=0.55) and stained intensity (r=−0.04, P=0.60). Similar 

results were found for ADCmin (r=−0.05, P=0.50 for 
stained area and r=−0.12, P=0.16 for stained intensity) and 
ADCmax (r=−0.03, P=0.71 for stained area and r=0.02, 
P=0.80 for stained intensity), respectively. The results of the 
correlation analysis are summarized in the Tables 2-6. 

In subgroup analyses, the associations between ADC 
values and the collagen IV expression were analyzed 
according to the tumor entity. There was only one statistically 
significant correlation between ADCmin and the intensity of 
the staining in HCC patients (r=−0.33, P=0.02, Figure 3). No 
correlations were found for other tumor entities.

Discrimination analysis

Discrimination analysis was performed to test for differences 
between tumors with and without expression of collagen IV. 
In the HCC group, 6 tumors without collagen IV expression 
(13.3% of all tumors) were identified. The ADC parameters 
were not statistically different between these groups 
(ADCmean P=0.52, ADCmin P=0.11, ADCmax P=0.86). 
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Discussion

The present study investigated the associations between the 
ADC values of DWI and the expression of collagen IV, the 
major component of the extracellular matrix (26). This is 
an important investigation to further elucidate the complex 
interactions of the extracellular matrix on the proton 
motion measured by MRI. 

It was shown that there was only a weak correlation 
between collagen expression and ADC values in CCC 
patients, whereas no correlation was found in liver metastasis. 
This reflects possible differences regarding the composition 
of the extracellular matrix in different liver tumors (27).

A key aspect of the present study was the accurate co-
registration between the prebioptic imaging and the 
performed biopsy specimen to ensure the highest spatial 
correlation between imaging and histopathology. This 
approach is crucial to elucidate the complex interactions of 
the tumor microstructure resulting in the MRI phenotype. 

There is no doubt that DWI quantified with ADC values 
can reflect the tumor biology in liver tumors and reflect 
the tumor microstructure (13-15). The inverse correlation 
with tumor cellularity was clearly stated in in vitro as well as 
human studies as shown in a large meta analysis (13). The 
main hypothesis is that the cellular space induces the slowest 
motion of the protons, whereas the protons have a higher 
diffusion in the extracellular space (18). This is explained 
by the fact that collisions of the protons with proteins and 
other structures does restrict the free movement of the 
protons. Membrane proteins have also been identified as 
important for proton diffusion and elevate the diffusion 
coefficient due to better permeability (28,29). 

The extracellular space is composed of two main 
classes of extracellular macromolecules, the first group of 
macromolecules consists of polysaccharide chains called 
glycosaminoglycans that are linked to proteins in the form 
of proteoglycans and the second group of macromolecules 
consists of fibrous proteins (collagen and elastin) and fibrous 
adhesive proteins (fibronectin and laminin) (26,27). 

In rat brain, the extracellular matrix is directly 
related to ADC values in an injury model (20). This 
was further elucidated in a human study with a strong 
inverse correlation between tissue collagen amount of the 
extracellular matrix in patients with esophageal cancer (21). 

The correlation coefficient reported by Aoyagi et al. reached 
r=−0.729, P=0.001 and was strongly inverse correlated with 
ADC values in this tumor (21). 

In another study of glioma patients, hyaluronan staining 
was used to measure the amount of hyaluronan in these 
patients. The authors found a positive correlation between 
mean ADC values and the mean hyaluronan index (r=0.35, 
P<0.05) (19). Similar results have been reported in BC 
patients and in an in vitro model (30,31).

Interestingly, ADC values were also inversely correlated 
with collagen content in acute venous thrombosis (32).

However, it is not only important to understand the 
associations between ADC values and histopathology, but 
it may also have prognostic relevance. For example, the 
importance of collagen I expression in HCC patients has 
been extensively described (33-35). In a recent in vitro study 
liver cancer cell-matrix interaction induces cholangiocytic 
differentiation and switches liver cancer cells from a 
proliferative to an invasive phenotype through the Src/MAPK 
pathway (36). In another study, the expression of collagen IV 
and hyaluronic acid derived from preoperative serum levels 
were associated with liver function and prognosis (37).

In liver metastasis, the interactions between tumor cells 
and the extracellular matrix are of increasing interest (35,36). 
In CRC metastasis collagen IV is highly upregulated (36) 
and has been shown to have prognostic relevance (37). 
Furthermore, there are several metastatic growth patterns, 
that are associated with extracellular matrix composition 
and outcome (36). However, it was not possible in the 
current analysis to further investigate the metastatic growth 
pattern in the present cohort due to the biopsy design.

The present study is not free from limitations. First, it 
is a retrospective study with known inherent shortcomings. 
To overcome some bias, imaging and histopathological 
evaluation were blinded to each other. Second, the 
subgroups of liver metastases derived from pancreatic 
cancer and CRC are small. In addition, further subanalyses 
to adjust for histologic subtypes of primary tumors were not 
possible. In addition, tumor microstructure and extracellular 
matrix composition may differ according to tumor grade 
and subtype.

Conclusions

In contrast to published in vitro results, there were only 
weak associations between collagen expression as the major 
extracellular component and ADC values derived from 
MRI. Further studies are needed to elucidate the exact 
reasons for diffusion restriction in liver tumors based upon 
tumor characteristics.
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