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Abstract: Objective: The relationships between histopathology and imaging remain elusive and investigating the 
underlying causes of tumor microstructure that result in an imaging phenotype is of clinical importance. In the pres-
ent study, cross-sectional guided biopsy specimens were used to correlate prebioptic magnetic resonance imaging 
(MRI) with immunohistochemical staining of histopathologic specimens using precise spatial biopsy localization. 
Methods: Overall, 52 patients with atypical hepatocellular carcinoma (HCC) were included in the present analysis. 
All patients were imaged with a 1.5 T clinical scanner at least one month prior to biopsy. The contrast-enhanced 
dynamic sequences were analyzed with quantified signal intensities. The bioptic specimens were obtained by cross-
sectional guided biopsy and was further analyzed for cell density, proliferation index (Ki 67), tumor-infiltrating lym-
phocytes, tumor-stroma ratio. Results: Per high power field, the mean values of the histologic parameters were 
as follows: the tumor-stroma ratio was 17.1 ± 20, the cell count was 147.0 ± 60.3, the CD45 count was 7.3 ± 8.0 
and the Ki 67-index was 16.9 ± 16.5%. There were no statistically significant correlations between the MRI signal 
intensities and cell count, tumor-stroma ratio and CD45 count. There was a moderate inverse correlation that was 
identified between arterial phase signal intensities and Ki 67 max (r=-0.41, P=0.002) and Ki 67 mean (r=-0.37, 
P=0.005). The signal intensities of the hepatobiliary phase were statistically significantly different between high 
and low proliferating HCC using thresholds of 20% and 10% (P=0.01 and P=0.02, respectively). The resulting AUC 
for the 10% threshold was 0.73 and 0.67 for the 20% threshold. Conclusion: DCE-MRI is associated with Ki 67 
index in atypical HCC. The hepatobiliary phase could discriminate HCCs according to their Ki 67 index. Quantitative 
MRI could be used as an imaging-based surrogate for proliferative HCC. Further studies are needed to validate the 
present results.
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Introduction

The incidence of malignant liver tumors has 
been increasing in recent years highlighting the 
importance of correct diagnosis [1-4]. Cross-
sectional imaging with computed tomography 
(CT) and magnetic resonance imaging (MRI) 
can detect and characterize liver lesions, but in 
most cases a definitive diagnosis is required by 
histopathological evaluation [1-4].

Liver biopsy is routinely performed to obtain tis-
sue for characterization of liver tumors [5, 6]. 
Being an invasive procedure, it has a reported 

complication rate of about 1%. Among these, 
fatal bleeding is considered to be the most seri-
ous complication, which rarely occurs [5-7].

There is increasing clinical and translational 
research interest and efforts to replace inva-
sive procedures with non-invasive imaging 
modalities. However, despite recent advances 
in the evaluation of quantitative analyses 
including histogram, texture analysis and 
radiomics analysis [8-12], the diagnostic accu-
racy of imaging modalities to safely replace 
bioptic tissue sampling in clinical routine is still 
lacking. Promising quantitative MRI methods 
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include diffusion-weighted imaging, which is 
able to reflect tumor microstructure in a more 
sophisticated way [13, 14]. Notably, even mor-
phological sequences can reflect tissue char-
acteristics, including proliferation potential, cel-
lularity and nucleus size in various malignant 
tumors [11, 15-17].

For hepatocellular carcinoma (HCC), the arteri-
al hypervascularization and portal venous 
wash-out phenomena of cross-sectional imag-
ing are considered diagnostic cornerstones 
representing neoangiogenesis and malignant 
transformation, allowing to diagnose the can-
cer without histopathological confirmation [2, 
18]. In particular, the diagnosis of HCC can be 
made on imaging modalities alone, when arte-
rial hypervascularization and portal venous 
wash-out are seen [2]. However, this is only the 
case in half of the cases, while the other half of 
suspicious HCC tumors still require biopsy and 
histological evaluation [2]. Presumably, quanti-
tative imaging analysis could help to better 
characterize these patients and possibly 
reduce the need for biopsies.

Furthermore, there are limited data regarding 
the exact correlation between quantified signal 
intensities of MRI and histopathological fea-
tures of these tumors in prebioptic imaging. A 
promising recent study investigated the diag-
nostic capabilities of apparent diffusion coeffi-
cient values to predict the amount of tumor 
cells and histopathological features of biopsied 
tumors [19]. In another study, T1-mapping was 
used to better quantify tumor contrast media 
uptake. This was correlated with the prolifera-
tive potential of the HCC [20]. A recent study 
demonstrated the diagnostic ability of the hep-
atobiliary phase to discriminate between the 
recently proposed HCC subtypes [21]. In addi-
tion, there is a definite need for imaging studies 
to explore the associations between the differ-
ent HCC subtypes, as there is an ongoing char-
acterization by molecular analyses with tran-
scriptomic and genomic analyses [22]. Even at 
the single cell level, there are marked differ-
ences between different HCCs, as shown in 
patients with and without microvascular inva-
sion [23].

An interesting recent study showed that mor-
phologic imaging features such as tumor shape, 
mosaic-architecture, and rim arterial enhance-
ment could discriminate between proliferative 

and non-proliferative HCC subtypes [24]. To this 
date, it is still unclear, whether morphological 
MRI sequences are also associated with histo-
pathological findings of liver biopsy samples in 
an exact spatial correlation with preinterven-
tional MRI. This could provide crucial informa-
tion about the tumor and probably also help to 
select the correct localization of the biopsy. 
Therefore, the purpose of this study was to elu-
cidate possible associations between preinter-
ventional MRI and bioptic specimen of liver 
biopsies in HCC patients using the exact spatial 
co-registration.

Materials and methods

This retrospective study was approved by the 
institutional ethics committee (University of 
Magdeburg, approval number 43/20) and 
informed consent was waived.

Patients were included in this study if they met 
the following inclusion criteria: (1) pre-interven-
tional MRI within 1 month prior to biopsy; (2) 
available CT- or MRI-guided liver biopsy images 
with documented position of biopsy needle; (3) 
lesion size >5 mm; (4) available pathologic 
specimens; (5) histologically proven HCC with 
atypical contrast media criteria. 

Exclusion criteria were: significant artifacts on 
preinterventional MR images.

A total of 52 patients (10 women (19.2%), 42 
men) with a mean age of 71.8 ± 9.7 years met 
the inclusion criteria and were included in the 
present study.

MRI imaging

All patients underwent MRI 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 suppre- 
ssion (TR/TE: 1600:100). Dynamic contrast-
enhanced scans were obtained after adminis-
tration of Gd-EOB-DTPA (0.1 mmol/kg body 
weight, Primovist®, Bayer HealthCare): T1 
weighted gradient-echo sequences in the arte-
rial, portal-venous and late venous phases as 
well as the hepatobiliary phase were taken 20 
minutes after contrast media application. The 
sequence parameters were as follows: TR 4 
ms, TE 2 ms, Matrix 172 × 172, field of view 
345 × 345 mm, flip angle 10°.
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Biopsies were performed under sterile condi-
tions by using 18-G coaxial needles during clini-
cal routine. In each case, two to three cylindri-
cal specimens were obtained under CT- or MRI-
guidance, depending on investigator prefer-
ence and clinical situation.

Imaging analysis

MR images were analyzed within the clinically 
used PACS. Direct spatial correlation was per-
formed with the subsequent CT- or MRI guided 
biopsy. The region of interest (ROI) of the pre-
treatment MRI was placed at the last localiza-
tion of the coaxial needle. The measurement 
was performed by a board-certified consultant 
radiologist with 15 years of general experience. 
In 20 patients (38.4%) a second measurement 
was performed by a resident with 3 years of 
general experience to calculate the interreader 
agreement. Signal intensities were measured 
in arterial, portal venous, venous and hepatobi-
liary phase after 20 minutes. The ROI was 
placed in the phase image with a clearly visible 
lesion and transferred to the other sequences. 
A ratio was calculated for each phase divided 
by the native phase, as recently performed 
[25]. This was done to reduce heterogeneities 
between different MRI sequences and to pro-
vide relative tumor enhancement values. A rep-
resentative patient with the measurement is 
shown in Figure 1 for illustration.

Histological analysis

Histopathologic evaluation was performed by 
two experienced pathologists (D.J., K.E.) in con-
sensus without knowledge of the patients or 
imaging data. Formalin-fixed, paraffin-embed-
ded tissue serial sections (2 µm) were dewaxed 
in xylol and rehydrated by descending concen-
trations of ethanol. Standard hematoxylin and 
eosin (HE) staining and immunohistochemistry 
were performed on each specimen. For antigen 
detection, we used the automated immunohis-
tochemistry slide staining system VENTANA 
BenchMark ULTRA (Roche Diagnostics GmbH), 
the VENTANA iVIEW DAB Detection Kit (Roche 
Diagnostics GmbH), and the indirect biotin-
streptavidin method before counterstaining 
with Haemalaun solution. Antigen retrieval was 
performed with CC1mild, followed by incuba-
tion with specific primary antibodies recogniz-
ing CD45/leucocyte common antigen (poly-
clonal mouse antibody, clone 2B11+PD7/26; 

DAKO/Agilent #M0701) or Ki 67 (polyclonal 
mouse antibody, clone Mib1; DAKO/Agilent 
#M7240), at 36°C for 32 min, dilution 1:500 or 
1:100, respectively. Every histopathological 
parameter was evaluated in five power fields 
(×40; 0.23 mm2 per field). Tumor-stroma ratio 
(TSR) was evaluated on the HE-stained speci-
men and percentages were given per tumor 
and stroma content separately. Cell density or 
density of tumor-infiltrating immune cells was 
estimated as the mean of total cell count or 
CD45 + leukocytes per high power field, respec-
tively. Proliferation rate was expressed as the 
percentage of Ki 67-positive cells from all tumor 
cells (Ki 67-index). Ki 67 mean was defined as 
the mean of all five power fields, and Ki 67 max 
was the highest among the five. Histopa- 
thological evaluation was done with the Nikon 
ECLIPSE Ni-E microscope. According to the pub-
lished literature, we used the thresholds of 
≤10% immunoreactivity to define low Ki 67 
expression and ≤20% [26, 27].

Statistical analysis

Statistical analysis and graphics creation were 
performed using GraphPad Prism 8 (GraphPad 
Software, La Jolla, CA, USA). The collected data 
were evaluated using descriptive statistics 
(absolute and relative frequencies). Spearman’s 
correlation coefficient (r) was used to analyze 
associations between the parameters studied. 
The Mann-Whitney U test was used to discrimi-
nate between subgroups. Intraclass coeffi-
cients (ICC) were used to test for the interread-
er variability. Receiver operating characteristics 
(ROC) and area under the curve (AUC) were 
used to test for diagnostic accuracy. In all 
cases, p-values <0.05 were used to indicate 
statistical significance.

Results

In all cases, the atypical liver lesion was histo-
logically proven to be HCC. Per high-power field, 
the mean values of histological parameters 
were as follows: tumor-stroma ratio was 17.1 ± 
20, cell count was 147.0 ± 60.3, CD45 was 7.3 
± 8.0, and Ki 67 max was 16.9 ± 16.5.

Interreader agreement

Interreader agreement was excellent for all MRI 
signal intensities studied. The ICC was 0.95 
(95% CI 0.89-0.99) for the arterial phase, 0.83 
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(95% CI 0.80-0.89) for the portal venous phase, 
0.94 (95% CI 0.90-0.99) for the venous phase, 
and 0.97 (95% CI 0.95-0.99) for the hepatobili-
ary phase.

Correlation analysis

The results of the correlation analysis are sum-
marized in Table 1. There were no statistically 
significant correlations between MRI signal 
intensities and cell count, tumor-stroma ratio 

and CD45 count. Only a moderate inverse cor-
relation was observed between relative signal 
intensities of the arterial phase with Ki 67 max 
(r=-0.41, P=0.002) and with Ki 67 mean (r=-
0.37, P=0.005). The corresponding graphs are 
shown in Figure 2.

Discrimination analysis

The results of the discrimination analysis for 
high versus low proliferating HCC are shown in 

Figure 1. Representative case of the patient sample with a large tumor in liver segment VII and I. A. Native T1-
weighted image with hypointense signal intensity of the tumor. B. Arterial phase with peripheral contrast media 
uptake of the given gadoxetic acid contrast media. C. Portalvenous phase with hypointense, slight inhomogenous 
signal intensity of the tumor. D. Late venous phase with hypointense central signal intensity and peripheral contrast 
media uptake. E. Hepatobiliary phase after 20 minutes with slight inhomogeneous hypointense signal intensity of 
the tumor. F. Axial slice of the CT-guided biopsy with display of the biopsy system centrally within the tumor. One can 
appreciate a gallstone ventrally of the liver. G. HE-staining of the corresponding biopsy with 33.4 times magnifica-
tion with cell nests of the hepatocellular carcinoma. H. Ki 67 staining with a moderate amount of positive tumor 
cells (Ki 67 index 19%).
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Table 2. For both thresholds of ≤20% and ≤10% 
the signal intensity of the hepatobiliary phase 
was statistically significantly different with a 
p-value of 0.01 and 0.02, respectively. The 
corresponding graphs are shown in Figure 3. 
No differences were observed between the 
groups for the other phases.

Regarding the threshold value of ≤20%, the 
resulting AUC for the signal intensity of the 
hepatobiliary phase was 0.73 (95% CI 0.59-
0.87) with a sensitivity of 70.7 and a specificity 
of 75.0 using the threshold value of 0.47. Using 
the threshold value of ≤10%, the resulting AUC 
for the signal intensity of the hepatobiliary 
phase was 0.67 (95% CI 0.53-0.82) with a 
sensitivity of 65.5 and a specificity of 70.8 
using the threshold value of 0.26.

Discussion

The present study evaluated the associations 
between the direct prebioptic dynamic con-
trast-enhanced MRI and the biopsy specimen 
in patients with atypical HCC. One key aspect of 
the present study was the exact co-registration 
between the prebioptic imaging and the per-

formed biopsy. With this approach, there is a 
high degree of confidence that the histopatho-
logical evaluation and the imaging phenotype 
can be evaluated together.

There is no doubt that contrast-enhanced imag-
ing can reflect the tumor biology in HCC [28, 
29]. The imaging hallmarks of HCC is the hyper-
vascularization in the arterial phase and the 
portal venous washout [2]. These two imaging 
findings are sufficient to diagnose HCC without 
histopathological confirmation. However, this 
can only be detected in 40-50% of HCC 
patients, and biopsy and histopathology are 
required in the remaining patients [2]. The pres-
ent cohort represents the so-called atypical 
HCC [30] with the diagnostic need for biopsy to 
confirm the diagnosis and to plan the patient’s 
treatment.

The imaging characteristics reflect the malig-
nant behavior of HCC. Therefore, it seems plau-
sible that the dynamic contrast-enhanced MRI 
used in the present study should also be able 
to reflect the investigated histopathological 
parameters investigated in HCC [28].

The histopathological parameters examined in 
the present study include proliferation, cellular-
ity, tumor-infiltrating lymphocytes and the 
tumor-stroma ratio. All of these are prognostic 
and predictive features of a malignant tumor. It 
would be critical to clinical care, if imaging 
could reflect and even predict these parame-
ters, potentially reducing the need for biopsy. 
This could also lead to a reduction in biopsy-
related complications and thus be of potential 
benefit to patient care.

The Ki 67 index is a prognostic biomarker in 
several tumor entities and has also been evalu-
ated in HCC patients [26, 27, 31-35]. For exam-
ple, it was a prognostic factor for overall sur-
vival in patients undergoing radiofrequency 
ablation [31]. It was also an independent factor 

Table 1. Correlation analysis between relative MRI signal intensities and the investigated histopatho-
logical parameters
Relative MRI signal intensity Tumor-stroma ratio CD45 Cell count Ki 67 mean Ki 67 max
Arterial phase relative SI r=0.12 (P=0.39) r=0.18 (P=0.18) r=0.05 (P=0.19) r=-0.37 (P=0.005) r=-0.41 (P=0.002)
Portalvenous phase relative SI r=0.08 (P=0.56) r=0.18 (P=0.21) r=-0.08 (P=0.55) r=-0.24 (P=0.08) r=-0.25 (P=0.07)
Venous phase relative SI r=0.13 (P=0.35) r=0.22 (P=0.11) r=-0.05 (P=0.69) r=-0.25 (P=0.07) r=-0.22 (P=0.11)
Hepatobiliary phase relative SI r=0.14 (P=0.31) r=0.21 (P=0.13) r=0.16 (P=0.26) r=-0.12 (P=0.38) r=-0.05 (P=0.71)
Statistically significant correlations are highlighted in bold. Abbreviations: MRI, magnetic resonance imaging; SI, signal intensity.

Figure 2. Spearman’s correlation analysis demon-
strating the moderate inverse correlation between 
the signal intensities of the arterial phase with Ki 67 
index (r=-0.41, P=0.002).
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for HCC recurrence after liver transplantation 
[32]. Interestingly, atypical hepatocytes may 
also express higher Ki 67 and are associated 
with tumor recurrence when identified in non-
cancerous tissue [35].

The main finding of the present study is the 
association between arterial phase signal 
intensity and the proliferation potential Ki 67 
index. This is particularly important because all 
HCC tumors were of an atypical non-hypervas-
cularized nature and therefore had a non-spe-
cific imaging characteristic in the arterial phase. 
This may indicate that the quantified signal 
intensities have prognostic relevance despite 
their non-specific characteristics in the qualita-
tive reading by the radiologist. Not only the 
arterial phase is associated with the Ki 67 
index, the signal intensities of the hepatobiliary 

phase were different between low and high pro-
liferative tumors in our cohort.

These results may support a recent Chinese 
study that used T1 mapping of the hepatobili-
ary phase to predict the Ki 67 index [20]. The 
authors demonstrated that a T1-relation time 
>705 msec is an independent predictor of the 
Ki 67 index [20]. Another research group inves-
tigated the signal intensity of the hepatobiliary 
phase in 103 HCC patients and demonstrated 
statistically significant results between high 
expressing tumors and low expressing tumors 
using a threshold value of 10% Ki 67 positive 
cells [36].

The Chinese group of Huang et al. used the 
dynamic contrast-enhanced ultrasonography 
and showed that the group with high Ki 67 had 

Table 2. Discrimination analysis between high and low proliferative HCC employing the threshold 
value of 20% and 10%

Parameter High proliferative 
HCC>20% (n=12)

Low proliferative 
HCC≤20% (n=41) p-values High proliferative 

HCC>10% (n=24)
Low proliferative 
HCC≤10% (n=29) p-values

Arterial phase relative SI 0.48 ± 0.29 0.57 ± 0.39 0.54 0.50 ± 0.29 0.59 ± 0.43 0.57
Portalvenous phase relative SI 0.67 ± 0.25 0.68 ± 0.38 0.90 0.67 ± 0.28 0.68 ± 0.40 0.57
Venous phase relative SI 0.63 ± 0.19 0.60 ± 0.30 0.37 0.61 ± 0.26 0.60 ± 0.30 0.33
Hepatobiliary phase relative SI 0.61 ± 0.38 0.29 ± 0.38 0.01 0.48 ± 0.37 0.27 ± 0.41 0.02
Statistically significant results are highlighted in bold. Abbreviations: MRI, magnetic resonance imaging; SI, signal intensity.

Figure 3. Scatter plots of the discrimination analysis of high versus low proliferating HCC using the threshold value of 
≤20% (A) and ≤10% (B). The hepatobiliary phase signal intensity was statistically higher in high proliferative tumors 
compared to low proliferative ones (P=0.01 and P=0.02, respectively).
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a correspondingly higher fall time and peak 
energy of the contrast media curve compared 
to the low-expressing group [26]. Wu et al. used 
a radiomics signature based on CT images to 
predict Ki 67 status with a promising diagnostic 
accuracy of 0.77 to 0.836 AUC [37]. However, 
these studies did not evaluate the exact spatial 
localization to ensure the best agreement 
between imaging and histopathology. In addi-
tion, it must be considered that there are dis-
tinct imaging differences among HCC subtypes 
that need to be accounted for and for which 
imaging phenotypes have only been investigat-
ed in preliminary studies [21]. Furthermore, 
there are biological differences between Asian 
and European HCC cohorts in terms of etiology 
and resulting imaging phenotype [37-39].

To our knowledge there are no reports regard-
ing differences in Ki 67 expression according to 
the typical HCC or atypical HCC contrast media 
pattern. However, this is beyond the present 
study design as typical HCC are not recom-
mended for biopsy [2] and therefore could not 
be evaluated in our patient sample.

In discrimination analysis, the hepatobiliary 
phase performed best in identifying highly pro-
liferative HCC tumors. This is another important 
aspect of the prognostic relevance of the hepa-
tobiliary phase as it can be considered as a 
functional imaging sequence [40]. The intracel-
lular uptake of the contrast media is reflected 
by the measurement used in the present study 
and is mainly associated with the beta-catenin 
mutation in HCC [21]. In a large study, relative 
enhancement of the hepatobiliary phase was 
an independent prognostic marker for worse 
survival in HCC patients receiving sorafenib 
therapy (HR 1.7 [95% CI 1.21-2.3], P=0.002) 
[25].

We could not identify an association with cellu-
larity, tumor-infiltrating lymphocytes and tumor-
stroma ratio. Presumably, these features are 
better reflected by diffusion-weighted imaging, 
which is superior in predicting tumor micro-
structure and cellularity [13, 14]. This was also 
shown in a comprehensive meta- analysis for 
HCC patients [41].

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 assess-

ment were performed blinded to each other. 
Second, because of the recommendation only 
to biopsy atypical HCC [2], we cannot provide 
data regarding typical HCC with the hallmarks 
of arterial hypervascularization and portal 
venous washout phenomenon.

Conclusion

DCE-MRI is associated with the Ki 67 index and 
therefore with proliferation potential in atypical 
HCC. The hepatobiliary phase could discrimi-
nate HCCs according to their Ki 67 index. 
Quantitative MRI could be used as an imaging-
based surrogate for proliferative HCC. Further 
studies are needed to validate the present 
results.
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