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Objective: To evaluate CT texture analysis (CTTA) for
non-invasively staging of hepatic fibrosis (stages FO-F4)
in a cohort of patients with hepatitis C virus (HCV).
Methods: Quantitative texture analysis of the liver was
performed on abdominal multidimensional CT scans.
Single slice region of interest measurements of the total
liver, Couinaud segments IV-VIIl and segments I-IIl were
made. CT texture parameters were tested against stage
of hepatic fibrosis in segments IV-VIIl on the portal
venous phase. Texture parameters were correlated with
biopsy performed within 1 year for all cases with inter-
mediate fibrosis (FO-F3).

Results: CT scans of 556 adults (360 males, 196 females;
mean age, 49.8 years), including a healthy control group
(FO, n =77) and patients with hepatitis C virus and Stage
O disease (n = 49), and patients with increasing stages
of fibrosis (F1, n = 80; F2 n =99; F3 n = 87, F4 n = 164)
were evaluated. Mean gray level intensity increased with
increasing fibrosis. For significant fibrosis (=F2), mean

INTRODUCTION

CT is a workhouse modality for a spectrum of abdominal
imaging indications where liver disease may or may not
be suspected.' Given the growing interest in non-invasive
biomarkers for liver disease, the widespread incidence
of liver disease, and the sheer number of CTs performed,
there has been an emergence of a variety of CT imaging
biomarkers for evaluating the presence and extent of
hepatic fibrosis.>™*> A variety of non-invasive techniques
exist for the assessment of hepatic fibrosis, most notably
elastography techniques which can be performed on ultra-
soundS and MRI, which assess hepatic stiffness as a surro-
gate for fibrosis and have been shown to be accurate for
significant and advanced fibrosis. However, these require
prospective acquisition, often with specific equipment,
and with failure rates up to 15% even in expert hands.'¢~%*
Many of the reported CT imaging parameters can be easily
retrospectively performed without special equipment, and
allow more objective quantification of known morphologic

showed receiver operatingcharacteristic area under
the curve (AUC) of 0.80 with sensitivity and specificity
of 74 and 75% using a threshold of 0.44, with similar
receiver operatingcharacteristic AUC and sensitivity/
specificity for advanced fibrosis (=F3). Skewness and
kurtosis were inversely associated with hepatic fibrosis,
most prominently in cirrhotic patients. A multivariate
model combining these four texture features (mean,
mpp, skewness and kurtosis) showed slightly improved
performance with AUC of 0.82, 0.82 and 0.86 for any
fibrosis (FO vs F1-F4), significant fibrosis (FO-1vs F2-4)
and advanced fibrosis (FO-2 vs F3-4) respectively.
Conclusion: CT texture features may be associated
with hepatic fibrosis and have utility in staging fibrosis,
particularly at advanced levels.

Advances in knowledge: CTTA may be helpful in
detecting and staging hepatic fibrosis, particularly at
advanced levels. CT measures like CTTA can be retro-
spectively evaluated without special equipment.

changes in liver disease.”>"2® For example, it is well known
that liver surface nodularity develops in patients with
cirrhosis, but historically this has been challenging to
capture and quantify, particularly in early stages of disease.
A novel tool has emerged that allows quantification of liver
surface nodularity, and several studies have shown that this
is useful in stratifying stages of fibrosis (including earlier
stages of fibrosis) and can predict decompensation in
patients with cirrhosis.'*"!?

CT texture analysis (CTTA) is another non-invasive tool
that has shown some promise in the assessment of liver
disease in pooled cause cohorts.*!* In these prior studies,
CT texture parameters, including mean gray level intensity,
showed some association with intermediate stages of fibrosis,
with an area under the curve (AUC) of 0.78 for detection
of the presence of any fibrosis (FO vs F1-F4) and increased
with increasing fibrosis.'> CTTA is a tool used to quantify
spatial heterogeneity within a given region of interest, which
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Figure 1. Flowchart for patient inclusion in the study. CECT, contrast enhanced CT; HCV, hepatitis C virus. UW, University of Wis-

consin.

713 patients with HCV referred to
UW Hepatology clinic

77 normal controls undergoing
renal donor evaluation with no
known liver disease
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254 patients excluded

Liver biopsy and CECT within 1 year (intermediate
stages FO-F3) and/or clinical and imaging evidence of

- F2n=99 -

cirrhosis/portal HTN (F4 only)

459 patients with HCV

FO n=49
F1n=80

F3 n=67
F4 n=164

Final cohort of 556 patients

can be difficult to identify visually. Within the region of interest,
an analysis of the distribution and relationship of pixel or voxel
gray levels in the image are assessed and quantified based on the
pixel histogram.*** It is easily applied retrospectively to CT
images. With the recent advances in treatment now available for
hepatitis C, there is a growing demand for non-invasive ways to
assess hepatic fibrosis in this cohort, both prior to and following
treatment. There is also some suggestion that the morphology
of the liver may be different with different underlying causes of
liver disease. The purpose of this study is a natural extension of
prior work in pooled-cause cohorts, to apply texture analysis to

a hepatitis C virus (HCV) specific population, where the results
may be highly applicable, to assess efficacy in identifying fibrosis,
particularly intermediate stage fibrosis in this group of patients.

METHODS AND MATERIALS
This retrospective study was HIPAA compliant and IRB approved.
The requirement for signed informed consent was waived.

Patient population
A retrospective search of the institutional Hepatology data-
base and medical record review yielded approximately 713

Table 1. Demographic characteristics and fibrosis stage of the cohort by CT technique

Pooled cohort Portal venous phase Non-contrast phase Both
M 360
F 196
Mean age 49.8 years
Metavir fibrosis stage
4 164 194 51 48
3 87 86 12 10
2 99 96 9 6
1 80 77 6 3
0 49 47 5 3
Normal 77 77 77 77
Total 556 543 160 147
2 of 11 birpublications.org/bjr Br J Radiol;92:20180153
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Figure 2. CT texture analysis measurements: A single slice ROI
was drawn around the total liver, segments I-IlIl (not shown),
and segments IV-VIII (A). The analysis was performed on data
from segments IV-VIIl based on prior work. Texture maps
were generated, where pink and red dots represent positive
pixels and blue and purple dots represent negative pixel. The
software used has a filtration step that allows features to be
grouped into fine (B), medium (C), and coarse (D) sizes based
on spatial scaling factors. A pixel histogram is also generated
for the ROl and analyzed. ROI, region of interest.

consecutive patients with known hepatitis C virus who were eval-
uated at the University of Wisconsin Hospital and Clinics. Inclu-
sion criteria included adult patients with HCV, with both a liver
biopsy and contrast enhanced CT performed within 1 year for
intermediate stages of fibrosis (FO-F3). For the F4 group, either
a liver biopsy or imaging and electronic medical review by an
experienced abdominal radiologist demonstrating clear imaging
evidence of cirrhosis and portal hypertension, defined cause/
risk factors for liver disease, and complication of liver disease
(hepatic encephalopathy, variceal bleed) . A total of 459 patients
with hepatitis C virus met these criteria and were included. In
addition, normal controls derived from consecutive patients
undergoing CT evaluation for renal donation with no known
liver disease were included (Figure 1). The final cohort consisted
of 556 adult patients (360 M, 196 F, mean age 49.8 years). This
cohort included patients with varying stages of hepatic fibrosis
(METAVIR stages FO-F4),”” ranging from normal controls (F0, n
=77) and patients with HCV and stage 0 disease (n = 49) through
intermediate stages of fibrosis (F1, n = 80; F2, n = 99; F3, n = 67)
to end stage cirrhosis (F4, n = 164). Of the cirrhotic cohort, 78
had a liver biopsy within a year of CT and 86 had definitive clin-
ical and imaging findings of cirrhosis and/or portal hypertension
as outlined above and based on our institutional criteria. Variable
portions of this cohort participated in separate investigations of
hepatosplenic volume changes, surface nodularity and a pooled
CTTA assessment of liver disease from multiple causes.>'>'>!>3*

BJR

Figure 3. Box and whisker plot showing mean gray level inten-
sity values on the y-axis and METAVIR fibrosis stage on the
x-axis. Measurements were obtained in the portal venous
phase in segments IV-VIIl, and values of mean gray level inten-
sity increase with increasing stage of fibrosis. This relationship
was seen across all spatial scaling factors, but was strongest
for medium-sized features (ssf 3, shown here).
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METAVIR fibrosis stage

In this cohort, aside from the normal group, all patients had
known HCV based on HCV screening with ELISA antibody
testing followed by confirmation with serum HCV PNA PCR.

MDCT technique

All CT scans were obtained on multidimensional CT scanners
(16-64 detector). The specific CT protocol may have varied
slightly based on the indication (i.e. triphasic liver for transplant
evaluation, routine portal venous exam for variety of indica-
tions, multiphasic exam for renal donor evaluation). However,
images from different phase of contrast were not pooled. For the
texture analysis measurement, portal venous phase images only
were used from all of the exams, using patient size based scan
parameters (auto-mA, kV 100-140). Images were reconstructed
with 5 mm slice thickness at 3 mm intervals in almost all cases.
A subgroup of patients had non-contrast CT studies or both
non-contrast and portal venous studies (Table 1) but given the
paucity of intermediate stage fibrosis in these groups, only those
with portal venous phase images were analyzed. The radiation
dose associated with the CT performed was variable based on
patient size and CT protocol, but were all kept as low as reason-
ably achievable. The risk of the radiation dose associated with
a single CT (not present with MR and ultrasound elastography
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techniques) is considered very low and is likely outweighed by
potential diagnosis and staging of liver disease in adults.*>*®

CT texture analysis

CTTA was performed and analyzed in the liver as detailed previ-
ously by our group.'? Texture analysis was performed by single
trained reader under the supervision of two abdominal radiol-
ogists (10 years, 20 years experience respectively). Single slice
images selected at the level of the porta hepatis were transferred

Lubner et a/

to a commercially available texture analysis program (TexRAD
Ltd, Somerset, UK). A region of interest (ROI) was manually
delineated on a single slice at the level of the hepatic hilum to
include the entire liver (but exclude the major vessels) for a total
liver measurement (Figure 1). A second ROI was drawn around
the left lateral lobe and caudate (Couinaud segments I-1IT) with a
third drawn around the medial left lobe and right lobe (Couinaud
segments IV-VIII). This geographic evaluation of segments I-IIT
vs IV-VIII was based on the subjective morphologic patterns

Figure 4. Diagnostic performance of mean gray level intensity for identifying hepatic fibrosis on portal venous phase images in
segments IV-VIIl. ROC AUC plots for mean gray level intensity in predicting hepatic fibrosis. Top left panel (A) demonstrates
detection of any fibrosis (AUC 0.81), top right (B) shows significant fibrosis (=F2, AUC 0.8), lower left (C) shows advanced fibrosis
(>F3, AUC 0.82) and bottom right (D) shows cirrhosis (0.85). AUC, area under the curve; ROC, receiver operatingcharacteristic.
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Figure 5. Box and whisker plot of METAVIR fibrosis stage as
stratified by skewness values measured in the portal venous
phase in segments IV-VIIl. Skewness values decrease with
increasing fibrosis. Although this trend was seen at all feature
sizes, it was strongest in the coarse filters (ssf 6, shown here).
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of hypertrophy and atrophy respectively seen in cirrhosis and
prior work quantifying these segmental changes (liver segmental
volume ratio).>”’” Based on prior work looking at CTTA for
hepatic fibrosis, analysis was largely focused on the evaluation of
segments [V-VIIL*® Although the ROI is manually drawn, much
of the subsequent analysis is automated and performed by the
software as detailed below.

The way the software extracts texture features has been described
in detail in other studies.”® The software utilizes an initial
filtration step using Laplacian of Gaussian spatial band-pass
filter to selectively extract features of different sizes and inten-
sity variation.* This produces a series of derived images that
show features ranging from fine (spatial scaling factor, ssf, 0-2,
approximately 4 pixels in width, object radius approximately 2
mm) to coarse (ssf 5-6, approximately 12 pixels in width, object
radius approximately 6 mm) texture (Figure 2).324! The software
output includes a variety of histogram characteristics including
mean gray level intensity, standard deviation of the pixel histo-
gram (SD), entropy, mean of the positive pixels (mpp), skewness
(asymmetry) of the pixel histogram, and kurtosis (pointedness)
of pixel histogram at each spatial scaling factor. These values
were recorded for each study and subsequently analyzed. Texture

features were then evaluated for associations with METAVIR
fibrosis stage.

Lab values within the 1 year window including the biopsy and
CT were collected where available, in a total of 467 patients. Lab
values collected included AST, ALT, platelet count, and were
used to calculate APRI and FIB-4 scores.**™*

Statistical analysis

Examination of boxplots and Spearman rank correlations were
used as a data reduction step to select features which are most
highly associated with fibrosis stage. Prior evaluation of CT texture
features in a pooled cohort®® was also used for identifying candi-
date variables. Summary statistics (mean, SD, median and inter-
quartile range) for the selected features were calculated separately
for each patient cohort according to stage of hepatic fibrosis. A
Kruskal-Wallis test was used to assess differences in texture charac-
teristics among the discrete FO-F4 cohorts. The most clinically rele-
vant cut-offs for significant hepatic fibrosis (=F2), advanced fibrosis
(=F3) and cirrhosis (>F4) were also evaluated. Receiver operating
characteristic curves were obtained for each candidate metric and
AUC was calculated with DeLong 95% CI. Exploratory cut-offs for
fibrosis categories were derived from receiver operatingcharacter-
istic analysis. A multivariable logistic regression model was fit using
the selected variables to examine the performance in a multivariate
setting. A value of p < 0.05 (two-sided) was the criteria for statis-
tical significance. All statistical analyses were performed with the R
program (v. 3.3.1, R Core Team 2016).

RESULTS

The demographic details of the cohort and stages of fibrosis are
included in Table 1. Mean gray level intensity of the pixel histo-
gram in segments IV-VIII on portal venous phase imaging
increased with increasing degree of hepatic fibrosis (Figure 3).
Although this was seen across all spatial scaling factors and
feature sizes, it was most prominent with medium-sized features
(ssf 3). Mean gray level values for ssf3 were 0.20 + 0.41, 0.51 +
0.67, 0.54 + 0.69, 0.75 + 0.69, and 2.07 + 1.61 for FO-F4 fibrosis
stages respectively (p < 0.05). When detecting the presence of
any fibrosis (FO vs F1-F4), it showed an AUC of 0.81 (0.77, 0.85).
Using a threshold of 0.3, a sensitivity of 78% and specificity of 73%
was seen. For detecting significant fibrosis (=F2), and AUC of 0.8
(0.76, 0.83) was seen and with a threshold of 0.44, sensitivity and
specificity was 74 and 75% respectively. For advanced fibrosis
(=F3), an AUC of 0.82 with sensitivity/specificity of 78%/73% at
a threshold of 0.54 was noted (Figure 4). A similar but slightly
less strongly associated trend was seen with mean of the positive
pixels (mpp) and entropy. Entropy was more strongly associated
with fibrosis in the previously reported pooled cohort, but here
seemed to delineate the presence of any fibrosis (FO vs F1-F4)
best. As noted previously in the pooled cohort, skewness and
to a lesser extent kurtosis was inversely related to the presence
of fibrosis (decreasing skewness and kurtosis with increasing
degree of fibrosis, Figure 5). The average skewness in the F4
group was 0.32 * 1.5, significantly lower than the FO-F3 group
which showed an average skewness of 1.48 + 1.30 (p < 0.001). For
skewness, an AUC of 0.73 was seen for significant fibrosis (=F2)
and 0.76 for advanced fibrosis (>F3). For advanced fibrosis, a
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Figure 6. Diagnostic performance of skewness in predicting degree of hepatic fibrosis. ROC AUCs demonstrate values of 0.69 for
identifying any fibrosis (top left panel, (A), 0.73 for significant fibrosis (=F2, top right panel, (B), 0.76 for advanced fibrosis (=F3,
lower left panel, (C), and 0.78 for cirrhosis (lower right panel, (D). This association was most prominent at coarse filter levels (ssf
6, shown here). AUC, area under the curve; ROC, receiver operatingcharacteristic.
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threshold of 1.44 yielded a sensitivity of 76% and specificity of
68% (Figure 6) (Table 2).

Multivariable logistic regression was used to create a model
combining mean, mpp, skewness and kurtosis to predict hepatic
fibrosis. For detection of any fibrosis, this group of texture param-
eters demonstrated an AUC 0f 0.82, for significant fibrosis (=F2)
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an AUC of 0.82 and for advanced fibrosis (=F3) an AUC of 0.86,
improved over any individual texture feature alone (Table 3).

The majority of patients had laboratory values obtained during
the prescribed time frame (1 year period with CT, biopsy and
liver function tests) and APRI and FIB-4 scores were calcu-
lated. The mean APRI score was 5.31 + 9.2 (median 2.3, range
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Table 2. Diagnostic performance of texture features in predicting stage of liver fibrosis

BJR

Texture parameter Fibrosis stage Threshold | Sensitivity | Specificity | AUC | Lower CI | Upper CI
FO vs F1-F4 0.3 0.78 073 0.81 0.77 0.85
FO-1 vs F2-4 0.44 0.74 0.75 0.80 0.76 0.83
FO-2 vs F3-4 0.54 0.78 0.73 0.82 0.79 0.86
Mean (ssf 3) FO-3 vs F4 0.9 0.75 0.81 0.85 0.82 0.88
FO vs F1-F4 98.4 0.3 0.9 0.58 053 0.63
FO-1 vs F2-4 100.3 035 0.87 0.62 0.58 0.67
F0-2 vs F3-4 107.2 0.55 0.76 0.67 0.63 0.72
Mpp F0-3 vs F4 106.4 0.54 0.71 0.63 0.58 0.68
FO vs F1-F4 L5 0.64 0.71 0.69 0.64 0.74
FO-1 vs F2-4 L6 0.74 0.66 0.73 0.68 0.77
F0-2 vs F3-4 1.4 0.76 0.68 0.76 0.71 0.80
Skewness FO-3 vs F4 1.4 0.85 0.63 0.78 0.75 0.82
FO vs F1-F4 4.5 0.4 0.87 0.61 0.56 0.65
FO-1 vs F2-4 57 0.54 0.79 0.65 0.60 0.69
F0-2 vs F3-4 4.6 0.51 0.82 0.66 0.61 0.70
Kurtosis F0-3 vs F4 4.6 0.61 0.79 0.71 0.66 0.76

AUC, area under the curve; Cl, confidence interval;

All measurements were performed in the portal venous phase in segments IV-VIIl. Mean at spatial scaling factor 3 (medium filter), mpp at ssf O,

skewness and kurtosis at ssf 6 (coarse filter).

0.3-82.6) and mean FIB-4 score was 2.5 + 6.6 (median 0.9, range
0-96.4) in this cohort. The APRI score had an AUC of 0.68 for
detecting any fibrosis, 0.72 for significant fibrosis (=F2), and 0.78
for advanced fibrosis (=F3). FIB-4 performed slightly better, with
AUCs of 0.73, 0.75 and 0.81 for any fibrosis, significant fibrosis
and advanced fibrosis respectively (Figure 7, Table 4).

DISCUSSION

CTTA is a tool that is easily retrospectively applied to CT images
that shows some promise in identifying and quantifying hepatic
fibrosis. The results of this study in an HCV-specific population
are similar to those seen in prior pooled-cause cohorts. The assess-
ment of significant fibrosis (=F2) is particularly important in the
HCV cohort as this threshold is used to determine who is eligible
for treatment. A non-invasive test to determine whether significant

Table 3. Diagnostic performance of Multivariate texture model
including mean, mpp and skewness for predicting stage of
fibrosis

. Fibrosis CI CI
Variable AUC ’ ’
stage lower upper

FO vs F1-F4 0.81 0.78 0.85

Mean, FO-1 vs F2-4 0.81 0.78 0.85
mpp,

skewness F0-2 vs F3-4 0.86 0.82 0.89

FO-3 vs F4 0.88 0.85 0.91

AUC, area under the curve; Cl, confidence interval;

All measurements were performed in the portal venous phase,
segments IV--VIII. Mean at spatial scaling factor 3 (medium), mpp at
ssf O, skewness at ssf 6 (coarse).

fibrosis is present would be of high clinical utility, particularly if it
can be retrospectively performed, and may spare the patient a more
invasive and expensive test like biopsy. This may expedite treatment
for many patients and it is possible these types of tests could be used
to monitor treatment response, an area of potential future research.
CT texture features including mean gray level intensity and to a
lesser extent entropy increase with increasing level of fibrosis, and
show an AUC of 0.8 for detecting significant fibrosis with a sensi-
tivity and specificity of 74 and 75% respectively using a threshold
of 0.44 for mean gray level intensity. Skewness and kurtosis were
seen to decrease with increasing levels of fibrosis, particularly with
more advanced disease. In a model combining the four most prom-
ising texture features (mean gray level intensity, mean of the posi-
tive pixels, skewness and kurtosis), the AUC was slightly improved
to 0.82 for detecting significant fibrosis. Although this is slightly
below the diagnostic accuracy reported for MR elastography tech-
niques (0.88-0.98 in meta-analyses),'">***! CT is often lower cost,
faster, more accessible and does not require a prospective technique
or special equipment. Previous CT scans can be retrieved and
compared for changes over time. CTTA performs as well or better
than a battery of lab tests that are currently seeing routine clinical
use as noted in our current cohort. Although morphologic changes
can be subjectively assessed, these tend to occur most prominently
in later stages of fibrosis, making subjective reader assessment
generally less reproducible and accurate than objective quantifiable
measures, particularly in intermediate stages of fibrosis.

Similarly, CTTA does not perform quite as well as some other
CT metrics currently being explored. Liver surface nodularity
showed an AUC of 0.90 for detecting significant fibrosis with
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Figure 7. Diagnostic performance of FIB-4 lab score for predicting hepatic fibrosis. ROC AUC values for FIB-4 scores were 0.73
for identifying any fibrosis (A), 0.75 for significant fibrosis (=F2, (B), 0.81 for advanced fibrosis (=F3, (C) and 0.84 for cirrhosis (D).
The FIB-4 score performed slightly better than the APRI score. AUC, area under the curve; ROC, receiver operatingcharacteristic.
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a sensitivity and specificity of 80 and 80% respectively using a
threshold of 2.38'° with similar results seen in an HCV-specific
cohort.** However, liver surface nodularity is more limited in the
detection of very early disease (FO-F1), where CTTA may have
added utility. Similarly, measurements looking at regional hepatic
volume changes, such as liver segmental volume ratio showed an
AUC of 0.85 for detecting significant fibrosis, which improved
to 0.91 when it was taken in combination with splenic volume.!
Since each of these can easily be retrospectively measured, it
makes sense to combine what may be complementary indices
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in a multiparametric approach, which is an area of ongoing
and future work.>® For patients who have CT and elastography
evaluation, comparison and/or combination of these results
into a multimodality, multiparametric evaluation could also be
performed.

In both the HCV specific cohort and the pooled cohort, it seemed
that mean gray level intensity and mean of the positive pixels
increased with increasing fibrosis. It makes sense that particu-
larly on post-contrast images, fibrosis, collagen and increased
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Table 4. Diagnostic performance of FIB-4 and APRI scores for predicting stage of liver fibrosis

Lab test Fibrosis Stage Threshold Sensitivity Specificity AUC CI, lower CI, upper
FO vs F1-F4 89.5 0.6 0.88 0.73 0.68 0.79
FO-1 vs F2-4 82.5 0.70 0.78 0.75 0.70 0.80
FIB-4
F0-2 vs F3-4 89.5 0.81 0.75 0.81 0.77 0.85
F0-3 vs F4 105.5 0.9 0.73 0.84 0.80 0.88
FO vs F1-4 65.5 0.56 0.82 0.68 0.62 0.74
FO-1 vs F2-4 78.5 0.58 0.79 0.72 0.67 0.76
APRI
F0-2 vs F3-4 89.5 0.66 0.82 0.78 0.74 0.82
F0-3 vs F4 90.5 0.79 0.77 0.83 0.79 0.87

AUC, area under the curve; Cl, confidence interval;

extracellular space may show increased attenuation values
compared to normal hepatic parenchyma.>>* Similarly, entropy
may increase as there is more heterogeneity of the tissue (fibrous
tissue interspersed with normal parenchyma). The decrease in
kurtosis may be due to this increase in heterogeneity, with more
pixels of varying attenuations present, flattening the curve. Simi-
larly, a negatively skewed pixel distribution is shifted in the direc-
tion of the positive pixels, which goes along with these proposed
changes.'>**

As above, while CT images can be retrospectively, CT does
require utilization of ionizing radiation and in our study, iodin-
ated contrast. Although the risk for harm is low and likely
outweighed by the potential benefits of identifying and staging
liver disease, these factors should be taken into consideration
when choosing a non-invasive modality to stage liver disease.

There are limitations to this study. For the commercial software
used, only a single slice of the liver could be assessed, rather than
a multislice or volumetric measurement. Although there are data
to suggest that this is sufficient, it has been suggested by some
that more data may be better.*** Similarly, the statistical analysis
of a large data set can be challenging, and because of the volume
of data, can lead to increased risk of type I error. However, the
recurrence of the same themes in this cohort compared to the
prior pooled cohort suggest that these associations may be real.?

Finally, in a cohort this size, there is some small heterogeneity
in the CT technique, which could affect texture parameters.
All patients analyzed had images obtained in the portal venous
phase of contrast, but there was mild variability in the scanner
vendor and kV in some cases. The software tool used has a filtra-
tion step which is meant to filter out some of the differences in
technique and emphasize biologic heterogeneity, but this is not
fail proof and it is not entirely clear how much different factors
impact texture measurements or which texture features are most
resistant to differences in technique. This needs to be an area of
continued investigation to identify which texture features are
most robust and reproducible. In addition, biopsy and pathologic
result were used as the gold-standard in this study. There can be
sampling error, making this an imperfect reference standard.
Although many of these patients also had standard lab values,
many did not have other tests such as Fibroscan or elastography
for comparison. This type of comparison could be an additional
area of future work.

In conclusion, CTTA shows some promise in identifying signif-
icant hepatic fibrosis in an HCV-specific cohort, performing
better than combined serum tests currently in use, but slightly
below some other CT-based metrics. However, CTTA is easily
retrospectively obtained and may be complementary to these
other CT metrics. In the future, a multiparametric CT approach
may be best.
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