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Decomposition Fat Fraction with DECT and
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MRI for Quantification of Liver Steatosis in a
Population Exposed to Chemotherapy
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Abstract

Introduction: Oncologic patients who develop chemotherapy-associated liver injury (CALI) secondary to chemotherapy treat-
ment tend to have worse outcomes. Biopsy remains the gold standard for the diagnosis of hepatic steatosis. The purpose of this
article is to compare 2 alternatives: Proton-Density-Fat-Fraction (PDFF) MRI and MultiMaterial-Decomposition (MMD) DECT.

Materials and Methods: 49 consecutive oncologic patients treated with Chemotherapy underwent abdominal DECT and
abdominal MRI within 2 weeks of each other. Two radiologists tracked Regions of Interest independently both in the PDFF fat
maps and in the MMD DECT fat maps. Non-parametric exact Wilcoxon signed rank test and Cohen’s K were used to compare
the 2 sequences and to evaluate the agreement.

Results: There was no statistically significant difference in the fat fraction measured as a continuous value between PDFF and
DECT between 2 readers. Within the same imaging method (PDFF) the degree of agreement based on the k coefficient between
reader 1 and reader 2 is 0.88 (p-value < 0.05). Similarly, for single-source DECT(ssDECT) the degree of agreement based on the k
coefficient between reader 1 and reader 2 is 0.97 (p-value < 0.05).

Conclusions: The results of this study demonstrate that the hepatic fat fraction of ssDECT with MMD are not significantly
different from PDFF. This could be an advantage in an oncological population that undergoes serial CT scans for follow up of
chemotherapy response.
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Introduction

Among the currently available treatment options for patients

with cancer, conventional chemotherapy is one of the most

effective and widely used. The side effects of chemotherapy

are well known, and the liver, with its rich blood supply and

key role in processing metabolites, can be at risk for cytotoxic

injury.1,2 Chemotherapy-associated liver injury (CALI) is a

specific form of steatohepatitis that may occur in cancer

patients treated with chemotherapy. CALI is divided in 2

groups (fatty liver spectrum and sinusoidal injuries). On the

fatty liver side, outcomes are different between simple steatosis

and nonalcoholic steatohepatitis (NASH). CALI has different

patterns for development of steatohepatitis that are the result of

typical cellular hepatic lesions: vascular damage, necrosis,

fibrosis, and cholestasis, following steps similar to non-

alcoholic fatty liver disease (NAFLD).1,3-5

Patients who develop CALI secondary to chemotherapy

treatment tend to have worse outcomes,5 since they could need

to stop or modulate the chemotherapy regimen. Furthermore,

steatosis is a risk factor in the oncological population treated

with chemotherapy but also patients undergoing major hepatec-

tomies since it increases post-surgery mortality and morbidity.

An objective and non-invasive method to evaluate the extent of

CALI and to differentiate the normal accumulation of fat in

induced steatohepatitis from prior steatohepatitis is essential

to patient overall survival.6 Biopsy remains the gold standard

for the diagnosis of hepatic steatosis, however its invasive

nature limits its use in daily clinical practice. When evaluating

hepatic steatosis, the limitations with CT include the low sensi-

tivity for mild to moderate steatosis and multiple confounding

factors (presence of iron, fibrosis, edema) that do not allow a

precise assessment of liver fat, especially in liver donors.7 The

dose of ionizing radiation administered to the patient is also of

concern, but with modern CT technical advances, such as auto-

mated tube current modulation, the risk to the patient is signif-

icantly reduced. MR imaging is one of the most used methods

for detection and characterization of hepatic steatosis.

Recently, quantitative confounder-corrected, chemical-

shift-encoded (CSE) MRI sequences have emerged as methods

capable of quantifying liver proton density fat fraction (PDFF).

PDFF has been demonstrated as being a standardized, repro-

ducible and promising biomarker for the quantification of

hepatic steatosis.8 It is increasingly considered as a viable alter-

native to biopsy for certain cohorts of patients, as in the case of

patients who received chemotherapy and require continuous

monitoring of liver function.8,9

One commercial implementation of CSE-MRI is Iterative

Decomposition of water and fat with Echo Asymmetry and Least

squares estimation (IDEAL-IQ), a novel MRI technique that is

highly precise and accurate for quantifying PDFF as a biomarker

of hepatic steatosis.10,11 In IDEAL-IQ, images are acquired at

multiple echo times, and an iterative least-squares decomposition

algorithm is employed to simultaneous solve for an iron-corrected

PDFF map and a fat-corrected R2* (¼1/T2*) map. By incorpor-

ating a field map variable into the algorithm, IDEAL-IQ accounts

for T2* effects/field inhomogeneity and yields estimates of PDFF

not-confounded by iron overload. Thus IDEAL-IQ presents a

more sophisticated fat quantification approach that corrects for

the confounding factors of in phase / out of phase imaging (IOP)

outlined above. IDEAL-IQ has already been validated experi-

mentally, in phantoms and in mice, and clinically, in patients with

nonalcoholic fatty liver disease.10,12 More recently, research

efforts have shown that IDEAL-IQ can reliably quantify fat frac-

tion in patients with iron overload.13 However, IDEAL-IQ has yet

to be tested in an oncologic population at risk for CALI.

In recent years, the dual-energy CT (DECT) has been

increasingly used for the evaluation of fat distribution within

liver and breast.14 DECT, which uses 2 different tube voltages

(generally 140 and 80 kVp), may be used to evaluate and deline-

ate the focal and diffuse fatty infiltration of the liver by measur-

ing the change in hepatic attenuation between images acquired

at the low and high tube voltages.14-18 The latest DECT based

multimaterial decomposition algorithm (MMD)17,18 allows

quantification of the percentage of fat in a volume of tissue.

The MMD also has the advantage of enabling one to quantify

the fat content of the liver in both contrast- and non-contrast

enhanced data sets.19 Since CT is the most widely used imaging

method for tumor staging and patient follow up, and since sev-

eral of the latest CT systems are being deployed with DECT

capabilities, this new approach presents an opportunity to

objectively monitor patients undergoing chemotherapy and

who may be susceptible to liver related adverse effects.14

Patients who undergo chemotherapy should be evaluated

with multiple serial imaging exams to evaluate the effective-

ness of the therapy. In this context DECT could allow a simul-

taneous assessment of the accumulation of hepatic fat and the

follow up of the cancer patient, allowing an optimization in

time and most importantly economic resources.

The objective of this study is to assess the correlation and

compare reader agreement and reproducibility in the quantifi-

cation of hepatic steatosis between CSE-MRI and DECT based

MMD in an oncologic patient population undergoing che-

motherapy treatment.

Materials and Methods

Study Population

This retrospective study was approved by the institutional

review board with a waiver of informed consent. The study

population consisted of 49 consecutive patients. Patients were
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selected into the institutional database, looking for patients

which underwent upper abdominal DECT with kVp switching

and upper abdominal MRI within 2 weeks of each other. The

studies were performed at a tertiary oncologic center between

March and June 2017, for different clinical indications. All

patients had been previously diagnosed with any type of can-

cer. All patients underwent at least 2 cycles of Cht before being

scanned. The maximum interval between the last cycle of Cht

and the exams was set to be 6 weeks. Only liver MRI exams

with T1-weightened-in-phase (IP) out-of-phase (OP) and CSE-

MRI acquisitions were included in the study.

Exclusion criteria included: patients BMI > 25 and patients

with metabolic syndrome, in order to eliminate confusing fac-

tors for steatosis appearance; patients with known widespread

metastatic disease, viral hepatitis, cholestasis; poor image qual-

ity (evaluated in conjunction by both radiologists).

The study was carried out by 2 radiologists, both with 4

years of experience, who tracked their ROIs independently.

The readers were blinded and they both performed the MRI

and DECT measurements.

MR Imaging Parameters

All studies were performed on a 1.5 T MRI imaging system

(OptimaMR450w, GE Healthcare, Waukesha, WI) with a 32

Channel Torso Array Coil. The protocol included: 1) CSE-MRI

(IDEAL IQ, GE Healthcare, Waukesha, WI) to produce simul-

taneous iron-corrected PDFF and fat-corrected R2* maps; 2)

IP/OP MRI. Acquisition parameters for IDEAL IQ were as

follows: single breath hold acquisition lasting less than 30 sec-

onds (average 21 seconds), TR 10 ms, TE variable, FOV 35-40

cm, matrix 128 x 128, pixel bandwidth 395 kHz, flip angle 6�,
slice thickness 10 mm, and space between slices 5 mm. We

acquired 6 different echoes ranging from 1.1 ms to 6.38 ms.

Post processing was performed with a software provided by the

manufacturer to create PDFF maps (Figures 1 and 2). Acqui-

sition parameters for IP/OP T1 were as follow: single breath

hold acquisition lasting 15 seconds, TR: 150 ms, out-of-phase

TE 2.115 ms, in-phase TE: 4.252, FOV: 35-40 cm, matrix

320x192, slice thickness 7 mm, space between slices 1 mm.

All ROIs were placed in the liver avoiding major vessels, liga-

ments and bile ducts, making sure that each ROI was sur-

rounded by liver parenchyma. 3 ROIs (2 cm of diameter) per

patient were positioned in segment 2/3, segment 5 and segment

6. The ROIs were drawn in the chemical shift sequence and

copy and paste in the fat-fraction map. In order not to lose any

signal intensity due to different distances from the receiving

coil, and to uniform the objectivity of positioning, all ROIs

where drawn at the same distance from the coil isocenter: ROIs

were drawn inside of a circular band extending from 10 to 15

Figure 1. 80-years-old male with bladder cancer patient with no known steatosis. ROIs traced in the right liver, avoiding major vessels and bile
ducts. A) MRI IDEAL IQ sequence, R2* \ IRON map shows that there is no evidence of iron surcharge (R2* ¼ 122.08). B) MRI IDEAL IQ
sequence, PDFF map shows no evidence of steatosis: PDFF¼ 3.3% normal values < 6.6%. C) Monochromatic DECT at 60keV. The placed ROI at
the level of the VI hepatic segment shows an HU of 85. D) FVF map. An ROI placed in the same point as in C gives back a calculated FVF of 5.5%.
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cm from the isocenter, according to the anatomic landmark

specified above. The fat fraction was calculated from IP/OP

imaging and measured from IDEAL-IQ fat fraction maps.

DECT Image Parameters

Abdominal CT scans were performed using a single source

DECT (ssDECT) scanner (GE Discovery CT750 HD, GE

Healthcare, Milwaukee, Wisconsin). A triphasic liver protocol

was used on all patients: after an unenhanced phase, the late

arterial and venous phase images were acquired at 40s and

80s following the intravenous administration of 150 mL of

iodinated contrast material at 4 mL/s (Iohexol 300 mgI/mL,

Omnipaque 300, GE Healthcare, Cork, Ireland), respectively.

The late arterial phase was acquired by using the Gemstone

Spectral imaging, ssDECT (GSI, GE Healthcare, Milwaukee,

Wisconsin) modality: fast switching voltage 80/140 kVp, fixed

mA, 0.7 s rotation time, pitch 0.984. Images were reconstructed

with a matrix of 512x512, standard deconvolution kernel, and a

thickness of 2.5 mm spaced by 2.5 mm.

Two radiologists (GC and RG) reconstructed the ssDECT

late arterial phase datasets with GSI Volume Viewer on Advan-

tage volume share 7 (GE Healthcare, Milwaukee, Wisconsin)

to obtain monochromatic images at 60 keV and material

density fat (MMD-FAT) images (Figure 1). 3 ROIs per patient

where placed as described in the MRI section.

As noted in Figures 1 and 2, MMD-FAT images display the

fat volume fraction (FVF) in percentage.

Statistics

The collected variables were tested for normality with

Kolmogorov-Smirnov Test and with the Shapiro-Wilk Test

(Tables 1 and 2).

Thereafter, the first approach considered the variables as

continuous, and compared them with non-parametric exact

Wilcoxon signed rank test, since all the data had a non-

gaussian distribution. The second approach divided the fat-

content continuous variable into 3 categories according to the

fat content of the liver, using cutoffs, as it has already been

done in literature. We used literature-based proposed hepatic

fat fraction (HFF) intervals for each histological steatosis grade

in nonalcoholic fatty liver disease are: 0–6.4% for grade 0

(normal); 6.5–17.4% for grade 1 (mild); 17.5–22.1% for grade

2 (moderate); and 22.2% or greater for grade 3 (severe).20

Intraclass correlation coefficient (ICC) was used to assess

the degree of intra-reader and inter-reader agreement in the

quantification of hepatic fat by imaging acquired through

IDEAL-IQ and ssDECT. Bland-Altman difference plots with

Figure 2. 59-years-old male with colon cancer. Steatosis. ROIs traced in the right liver, avoiding major vessels and bile ducts. A) MRI IDEAL IQ
sequence, R2* \ IRON map shows that there is no evidence of iron surcharge (R2* ¼ 123). B) MRI IDEAL IQ sequence, PDFF map shows
evidence of advanced steatosis: PDFF¼ 36.2% normal values < 6.6%. C) Monochromatic DECT at 60keV. The placed ROI at the level of the VIII
hepatic segment shows an HU of 85. D) FVF map. An ROI placed in the same point as in C gives back a calculated FVF of 20%.
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multiple measurements per subject were also used to assess

agreement and bias among PDFF measurements across

readers and to assess agreement and bias among different

techniques.

ICC values were interpreted as follows Values less than 0.5

are indicative of poor reliability, values between 0.5 and 0.75

indicate moderate reliability, values between 0.75 and 0.9 indi-

cate good reliability, and values greater than 0.90 indicate

excellent reliability. A test with a p-value <0.05 was considered

statistically significant.21

Results

A total of 49 consecutive oncological patients were considered

for the study. Five patients were excluded due to poor image

quality, specifically on the IDEAL-IQ sequence, where motion

artifacts were prevalent. Patients with known liver metastatic

disease (2 patients), viral hepatitis (1 patients), cholestasis (2

patients) were excluded from the study. The final patient pop-

ulation consisted of 39 patients (20 males, 19 females), mean

age 59 years (M ¼ 65; F ¼ 57).

Fat content findings are summarized for different readers

and techniques in Table 3. Based on the thresholds given in

the materials and methods, reader 1 found an increased fat

fraction (>6.5%) in 18 patients (62%) with ssDECT and in

20 patients (69%) in IDEAL-IQ; reader 2 found an increased

fat fraction (>6.5%) in 20 patients (69%) with both DECT and

IDEAL-IQ.

There was no statistically significant difference (Wilcoxon

Signed-Rank test) in the fat fraction measured as a continuous

value (FF%) between IDEAL-IQ and DECT for reader 1

(Table 4) and for reader 2 (Table 5). Within the same imaging

method (IDEAL IQ) the degree of agreement for FF% based on

the k coefficient between reader 1 and reader 2 is 0.88 (p value

<0.05). Similarly, for ssDECT the degree of agreement based

on the k coefficient between reader 1 and reader 2 is 0.97

(p value <0.05).

The degree of overall intra-reader agreement was evaluated

on the results produced by the 2 methods (IDEAL IQ and

ssDECT). The analysis of agreement with the ICC showed an

agreement of 0.85 (p value <0.05) for Reader 1and of 0.84 (p

value <0.05) for Reader 2.

Table 1. Variables were tested for normality with Kolmogorov-Smirnov Test and with the Shapiro-Wilk Test. Both tests show that variables
are continually distributed.

Reader 1 Reader 2

Kolmogorov-Smirnova Shapiro-Wilk Kolmogorov-Smirnova Shapiro-Wilk

Statistic df Sig. Statistic df Sig. Statistic df Sig. Statistic df Sig.

IDEAL IQ Liver S6 0.336 39 0.000 0.647 39 0.000 Liver S6 0.353 39 0.000 0.634 39 0.000
Liver S5 0.349 39 0.000 0.630 39 0.000 Liver S5 0.350 39 0.000 0.635 39 0.000

Liver S2/3 0.339 39 0.000 0.647 39 0.000 Liver S2/3 0.339 39 0.000 0.638 39 0.000
DECT Liver S6 0.350 39 0.000 0.654 39 0.000 Liver S6 0.375 39 0.000 0.660 39 0.000

Liver S5 0.330 39 0.000 0.650 39 0.000 Liver S5 0.346 39 0.000 0.655 39 0.000
Liver S2/3 0.312 39 0.000 0.663 39 0.000 Liver S2/3 0.328 39 0.000 0.659 39 0.000

a. Lilliefors Significance Correction a. Lilliefors Significance Correction

Table 2. Variables were tested for normality with Kolmogorov-Smirnov Test and with the Shapiro-Wilk Test. Both tests show that variables
are continually distributed.

Reader 1 Reader 2

S6 S5 S2/3 S6 S5 S2/3

Z -1,516b -,783b -,434b Z -1,138b -,990b -2,692b

Asymp. Sig. (2-tailed) 0.130 0.434 0.665 Asymp. Sig. (2-tailed) 0.255 0.322 0.199

Table 3. Fat content findings summarized for different readers and
techniques.

Reader 1
DECT Steatosis grade

TotalIQ steatosis grade 0 1 2 3

0 8 1 0 0 9
1 3 12 0 0 15
2 0 0 13 1 14
3 0 0 0 1 1

Total 11 13 3 2 39
READER 2

0 7 3 0 0 10
1 3 11 0 0 14
2 0 0 13 0 13
3 0 0 0 2 2

10 14 3 2 39
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Bland-Altman analysis according to individual reader

showed only very slight mean biases between the various ima-

ging techniques (Figure 3): CT vs MRI reader 1 0.6% and CT

vs MRI reader 2 0.22%.

Discussion

The results of this study demonstrate that the hepatic fat frac-

tion (HFF) of DECT with MMD are not significantly different

from PDFF obtained with IDEAL IQ.

To the best of our knowledge, this is the first study to focus

on comparing HFF assessment between imaging modalities in

an oncological population. The importance of this finding is

that oncologic patients undergo multiple CT scans to monitor

the primary disease and/or for monitoring the presence of liver

fat before, during and after treatment with chemotherapy. It is

not conceivable that in a clinical setting, patients would receive

multiple liver biopsies only to control the onset of CALI. Find-

ing a single imaging modality that could quantify HFF during

staging scans performed in a single acquisition has the potential

to help in objectively evaluating hepatic function and HFF will

reduce errors associated with subjective image interpretation,

reduce the time spent by patients in the clinic and potentially

improve patient outcomes.

US, CT and MR imaging are all useful imaging modalities

for detecting the presence of hepatic fat content and indirectly

hepatocellular injury. Although MRI imaging techniques are

considered to be more precise for quantifying hepatic steatosis,

our study suggests that DECT based fat quantification may be

another useful tool, perhaps comparable to the recently devel-

oped CSE-MRI method.22-24 DECT is also more effective in

allowing correction of beam irradiation, and for this reason the

Table 5. No statistically significant difference was found in the fat fraction measured as a continuous value between IDEAL-IQ and DECT for
reader 1, tested with Wilcoxon Signed Ranks Test and for reader 2.

Reader 2. Wilcoxon signed ranks test

Liver S6–Liver S6 Liver S5–Liver S5 Liver S2/3–Liver S2/3

Z -1,516b -,783b -,434b

Asymp. Sig. (2-tailed) ,130 ,434 ,665

a. Wilcoxon Signed Ranks Test.

Figure 3. Bland-Altman difference plots for fat fraction measurements generated by using PDFF MRI and material decomposition dsDECT and
analyzed by 2 different readers blinded to each other’s findings. Each different symbol is a different patient. Dotted red lines demarcate 1.96
standard deviations (SD).

Table 4. No statistically significant difference was found in the fat fraction measured as a continuous value between IDEAL-IQ and DECT for
reader 1, tested with Wilcoxon Signed Ranks Test and for reader 1.

Reader 1. Wilcoxon signed ranks test

Liver S6–Liver S6 Liver S5–Liver S5 Liver S2/3–Liver S2/3

Z -1,138b -,990b -2,692b

Asymp. Sig. (2-tailed) ,255 ,322 ,007

a. Wilcoxon Signed Ranks Test.
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MMD technique may be less influenced by body size compared

to single-energy CT.19,25-27

Some patients with increased fat content progress to cirrho-

sis and hepatocellular carcinoma. DECT allows the discrimi-

nation of substance using monochromatic image (MI), and

steatosis exhibit specifically the CT value of each energy

level.28,29 Recently an algorithm for the evaluation of liver

fibrosis with DECT has been successfully implemented with

a good correlation with Magnetic Resonance Elastography

(MRE).30 MRE is at the moment the most reliable, not inva-

sive, available method to evaluate liver fibrosis.31 However, in

our cohort 5 patients out of 39 (12.8%) were exclude due to

motion artifacts during the MRI examinations. This could be a

limitation of MRI, especially in an oncological population,

using a technique such as CSE-MRI for which patients are

asked to hold their breath for about 30 seconds. Ultimately,

new MR and DECT techniques consent to analyze the hepatic

iron content.32,33 Soon, hepatic disease in a cirrhotic patient or

in an oncological patient at risk for hepatic metastasis, would

be ideally evaluated with an all-encompassing CT or MR study,

including arterial and portal phase for evaluation of HCC

nodules but also studying HFF, liver fibrosis and iron content.

This would allow the implementation of a so-called digital liver

biopsy with CT or MR.34

A future implementation could also be the radiomic analysis

of these quantitative hepatic characteristics (i.e. HFF, Iron con-

tent, Fibrosis); each of these could be heterogeneously distrib-

uted in the liver, and a random sampling with ROIs could be

misleading to an accurate evaluation. Segmentation of the

whole liver by artificial intelligence, and thorough radiomic

analysis of HFF, Iron content, Fibrosis, would ideally indicate

which areas of the liver have disease and may be an indicator of

progression to HCC in this specific area. Texture analysis of the

whole liver has been evaluated by some authors to assess pre-

operative risk stratification in patients candidates to hepatic

surgery exposed to liver insufficiency.35

This study has several limitations. First, none of the patients

had liver biopsy: the sensitivity and specificity of PDFF for

establishing the diagnosis is not 100%: the PDFF threshold of

6.4% to diagnose grade 1 or higher steatosis had 86% sensitiv-

ity and 83% specificity; the threshold of 17.4% to diagnose

grade 2 or higher steatosis had 64% sensitivity and 96% spe-

cificity, and the threshold of 22.1% to diagnose grade 3 stea-

tosis had 71% sensitivity and 92% specificity. Secondly, the

population with normal HFF was relatively small compared to

the distribution of this disease among the general population

(38% for Reader 1, 31% for Reader 2). However, this is a

typical distribution for an oncological population exposed to

chemotherapy. Thirdly, the absolute gold standard in evaluat-

ing hepatic steatosis is the pathological specimen, since it pro-

vides not only an evaluation of liver fat but also fibrosis, iron

content and hepatic micro-architecture; our study did not have

any pathological gold standard, since in a oncological popula-

tion, liver biopsies for analyzing hepatic functionality are not

part of the current good clinical practice. And finally, from an

imaging perspective, MRI-PDFF and DECT FVF are imaging

biomarkers of liver fat, that are similar, but not identical. MRI

measurements are based on the fraction of mobile protons in

the liver attributable to fat, whereas MMD DECT analyzes

photons attenuation data under predetermined assumptions of

material composition. Also, each technique is differently

affected by the presence of other tissue properties and materials

within a given voxel.

In conclusion, the quantification of HFF using post-contrast

DECT correlates with PDFF analyzed with IDEAL IQ. Both

methods have excellent inter-reader agreement. Furthermore,

in our small patient cohort we had to exclude 5 patients because

of movement artifacts during MRI acquisition; this could be a

potential advantage of DECT.

Key points

� HFFs of ssDECT with MMD are not significantly dif-

ferent from PDFF obtained with IDEAL IQ.

� The agreement between readers is good for both

techniques.

� This could be an advantage in an oncological population

that undergoes seriate CT scans for follow up of che-

motherapy response, since CT follow up scans are rou-

tinely performed in this population, who can benefit of a

timely diagnosis of CALI.
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