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ABSTRACT

Hepatocellular.carcinoma is the most common primary hepatic tumor in dogs and is
amenable fo,surgicalresection in many cases. Unfortunately, overlap of sonographic findings
between benign and malignant hepatic lesions typically requires more invasive diagnostic
tests to be performed (i.e. biopsy for histopathology). The availability of a non-invasive
diagnostic testto identify hepatocellular carcinoma would be beneficial. The use of a liver-
specific magnetic resonance imaging contrast agent such as gadoxetate disodium (Gd-EOB-
DTPA,; Eovist®@r Primovist®) has improved lesion detection in human patients. In this
descriptive study gadoxetate disodium contrast enhanced magnetic resonance imaging
characteristiessifnsdogs were evaluated in 7 dogs (total of 8 lesions). The imaging
characteristics were variable with the exception of all lesions being hypointense to
surrounding.normal hepatic parenchyma on 3D T1-weighted gradient recalled echo images at
all post-contrast-time points. All lesions displayed signal intensity ratios less than 1,
consistent with retained but impaired hepatocyte function. Hepatic lesions not identified on
previous imaging were found in 3/7 patients which may affect surgical planning. In 2 patients
several hepatic nedules were identified during surgery which had not been visualized on
magnetic resonance imaging and were found to be benign on histopathology. This descriptive
study reports the magnetic resonance imaging characteristics of hepatocellular carcinoma in
dogs using thesliver-specific contrast agent gadoxetate disodium.
INTRODUCTION

Hepatoeellular carcinoma is the most common primary hepatic tumor in dogs,
accounting*for approximately 50% of reported tumors."? Three forms of hepatocellular
carcinoma are recognized in dogs - massive, nodular, and diffuse. The massive form is the

most common variant and may be amenable to surgical intervention.? The metastatic rate of
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this form of the tumor is low (0-37%); however, local intrahepatic extension is possible
making early diagnosis imperative for surgical treatment.’® Abdominal ultrasound is
routinely used.to evaluate for hepatic disease, including tumors, in small animal veterinary
patients.* Unfortdnately, there is overlap of sonographic characteristics of benign and
malignantshepatic lesions preventing accurate diagnosis without cytological or
histopatholegicahevaluation.**® Additionally, well-differentiated hepatocellular carcinoma
lesions can beWdifficult to differentiate from benign nodular regeneration based on cytology,
requiring more invasive methods such a transcutaneous or surgical biopsy to be performed
for the final diagnosis.” Other imaging modalities such as contrast-enhanced ultrasound® and
computed tomographic angiography®'® have been evaluated in a limited fashion to
characterizeshepatocellular carcinoma in dogs. These studies have found certain imaging
features useful inydifferentiating focal hepatic lesions; however, the clinical applicability of
these techniques.is currently limited by technical constraints, cost, and/or availability.®°°
Improvements.in @etection and characterization of liver disease in canine patients by means
of magnetic resonance imaging (MRI) could outweigh certain disadvantages (such as the
need for general anesthesia, cost and study duration) due to its non-invasive nature compared
to surgical@r percutaneous sampling procedures, and due to optimization of staging, therapy
planning, and"prognostication.

Magnetic resonance imaging (MRI) is increasingly used in small animal veterinary
patientsbutreports of evaluation of hepatic lesions are limited.'* The introduction of liver-
specific MR contrast agents such as gadoxetate disodium (Gd-EOB-DTPA; Eovist® in the
USA and Primevist® in Europe) in human medicine has shown an increased sensitivity for
detection OFhepatic lesions.'? Gadoxetate disodium is a paramagnetic contrast agent that has
50% hepatobiliary and 50% renal excretion in healthy people.*** It has proven safe for use in

healthy dogs. *> Reports of its use in dogs with hepatic disease are scarce.***" A previous
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study in dogs with focal hepatic lesions utilizing a low-field MR1 system described 5
hepatocellular carcinoma lesions in 3 dogs and found good demarcation of the tumors which
appeared hypointense compared to normal hepatic parenchyma on post contrast images.*®
The benefits,of.a high-field MRI system have been well-documented and include an
increased signal-to-noise ratio which can increase lesion conspicuity and a decrease in
duration ofdndiwidual MRI sequences. Information about the gadoxetate disodium enhanced
MRI appearance of canine hepatocellular carcinoma lesions using a high-field MRI system
are lacking.to date.

The purpase of this study was to describe the MRI characteristics of canine
hepatocellular carcinoma lesions before and after administration of gadoxetate disodium
using a high=field;MRI system, determine the utility of MRI in identification of additional
hepatic and extrahepatic lesions, and correlate MRI findings with surgical and
histopathological results.

METHODS

This descriptive study was approved by the University of Tennessee Institutional
Animal Care and Use Committee (IACUC). Eight client-owned dogs presented to the
University0f Tennessee College of Veterinary Medicine were prospectively enrolled when at
least one hepatic mass was documented on previous abdominal imaging, owner permission
for pre-operative MRI1 examination was given, and a subsequent final diagnosis of
hepatocellulareéarcinoma was made based on histopathology from a surgical biopsy. The
sample size was ¢hosen based on similar descriptive studies in the veterinary literature. Each
surgical biopsyswas evaluated by a single board-certified veterinary pathologist (LEC).
Decisions farinclusion or exclusion of patients were made by a veterinary radiology resident

(CC) and a board certified veterinary radiologist (SH).
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Magnetic resonance imaging (MRI) examinations were performed with a 1.5 Tesla
magnet (MAGNETOM Espree™, Siemens Medical Solutions, Malvern, PA) and with
patients under.general anesthesia. Individual anesthetic protocols were determined for each
patient by the,on=duty anesthesiologist. Dogs were positioned in dorsal recumbency with a
body flex matrix coil placed on the ventral abdomen. A standardized imaging protocol
modified from asprevious study was used for all dogs (Appendix 1).* Pre-contrast sequences
performed on"all dogs included T1-weighted spin echo and T2-weighted fast spin echo in the
dorsal and transverse planes, T2*/T1 coherent gradient echo (TrueFISP; fast imaging with
steady state precession) in the sagittal and dorsal planes, and T1-weighted 3D gradient echo
(T1-W GRE; VIBE; volume-interpolated body examination) in the transverse plane. All dogs
received O:2mi/kg (0.025mmol/kg) of gadoxetate disodium (Eovist®, Bayer Healthcare
Pharmaceuticals Inc., Wayne, NJ) administered intravenously as a manual bolus followed by
2ml of saline flush. Post-contrast sequences performed on all dogs included T1-weighted 3D
gradient echo (FF1*W GRE; VIBE) in the transverse plane acquired immediately and at 1, 5,
10, 15, and 20 minutes post-contrast administration, and T1-weighted fast spin echo with fat
saturationfin the dorsal and transverse planes at approximately 21 and 25 minutes post-
contrast administration. Respiratory triggering or breath hold was not used for any sequence.

All images were jointly evaluated by a second-year veterinary radiology resident (CC)
and a board, certified veterinary radiologist (SH) using a commercial picture archival and
communicationsystem (SECTRA PACS IDS7™, Sectra Medical Systems AB, Linkoping,
Sweden), and a consensus was reached for subjective features. Investigators were aware of
the final diagnesis in all dogs. Standard software tools were used to draw circular regions of
interest (ROIs).and measure lesions with electronic calipers. Imaging characteristics recorded
were pre- and post-contrast signal characteristics relative to normal liver parenchyma

(hypointense, isointense, hyperintense), degree of heterogeneity (subjectively graded as: O-
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123 homogeneous, 1- mild heterogeneity, 2- moderate heterogeneity, 3- marked heterogeneity),
124  lesion size (length, height, and width), and identification of other lesions (other hepatic

125  lesions not seen on prior imaging modalities, enlarged hepatic lymph nodes and other extra-
126 hepatic non=lymph.nede lesions). Additionally, signal intensity ratios (SIR) were calculated
127 by the pring¢ipal and mentoring investigators (CC and SH) from the pre-contrast and post-
128  contrast T1=W GRE sequences at all time points to provide an objective measurement of
129  degree of contrast enhancement between lesions and normal liver parenchyma. Analyses
130  were perfarmed in consensus. Signal intensity ratio was calculated using the following

131 formula, which was modified from a previous study.™

132

133 SIR = Meangmaximal signal intensity of hepatic lesion post contrast / maximal signal

134  intensity of narmal parenchyma post contrast.

135

136 The number ofregions of interest (ROIs) drawn over hepatic lesions varied with the degree
137  of heterogeneity to obtain a representative signal intensity, with 1 ROI drawn for

138  homogenaus lesion, 3 ROIs drawn for a mildly or moderately heterogeneous lesion and 5
139  ROlIs for agmarkedly heterogeneous lesion. Degree of contrast enhancement was recorded on
140  a0-3scale [0-none (SIR = 0), 1-mild (0 < SIR <0.5), 2- moderate (0.5 <SIR <1.0), 3-

141 marked (SIR > 1.0)].

142 Subsequent to all MRI examinations, the dogs underwent exploratory laparotomy to
143  evaluate the liverimasses noted on MRI. When possible, partial or complete liver lobectomy
144  was performedsof liver masses suspected to be massive hepatocellular carcinoma, and the
145  tissue was submitted for histopathology. Any remaining lesions of the liver noted on MRI or
146  on gross examination and palpation of the liver were biopsied and submitted for

147  histopathologic analysis.
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Descriptive analyses were performed using commercially available software
(Microsoft Excel®, Microsoft Corp, Redmond, Washington) by the principal and mentoring
investigators(CC and SH). Means and standard deviations were calculated for normally
distributed-continueus data, and medians and ranges were determined for non-normally

distributedydata. Proportions were calculated for categorical data.

RESULTS

Eight/dogs underwent abdominal MRI. One dog was excluded as the abdominal mass
originally thought to be hepatic in origin based on abdominal ultrasound was in fact splenic
in origin based on the MRI examination and surgery. In the remaining 7 dogs 8 hepatocellular
carcinomaglesions, were confirmed. The mean age of dogs was 11.6 +/- 1.3 years. There were
six female spayed and 1 neutered male dogs. The median weight was 13.2 kg (range 7.7-29
kg). There were 2 mixed breed dogs and 1 each of the following breeds: Boston Terrier,
Standard Poodle, Dachshund, Jack Russell Terrier, Border Collie and Yorkshire Terrier.

Mean study time from start to end of image acquisition was 50 +/- 2 minutes. The
median size of the hepatic mass lesions was 9.35cm (2.1-10.5cm) in length, 7.3cm (1.8-
11.2cm) indherght,and 7.55cm (1.9cm-11.0cm) in width. The MRI signal characteristics were
variable andare summarized in Appendix 2. The only consistent signal characteristic
between all lesions was hypointensity compared to normal liver parenchyma on post-contrast
T1-W GRE"sequences at all time points (Fig. 1). The degree of heterogeneity was variable
with 3/8 (37.5%) llesions being markedly heterogeneous (grade 3), 2/8 (25%) being
moderately heterogeneous (grade 2), 2/8 (25%) being mildly heterogeneous (grade 1), and
1/8 (12.5%)"eing homogeneous (grade 0). The majority of lesions, 7/8 (87.5%), displayed
moderate contrast enhancement (grade 2). The remaining lesion (12.5%) displayed mild

contrast enhancement (grade 1). The median maximal signal intensity ratio was 0.79 (range
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0.5-0.98). Wash-in and wash-out characteristics for each lesion were determined by graphical
analysis (Fig. 2). The majority of lesions (5/7) reached their lowest signal intensity ratio value
(i.e. maximum.difference between lesion enhancement relative to normal surrounding liver
parenchyma),at40.minutes post contrast medium administration.

Additional hepatic lesions, not identified on previous imaging studies, were identified
on MRI in 3/7 (43%) of dogs. One additional mass was found in one dog (patient 7) in which
only one mass*had been seen on prior ultrasonographic examination. This second mass had
similar MR characteristics as the other HCC lesions in this study and was confirmed as HCC
on histopathology. (see Fig. 1). One dog (patient 1) had multiple T2 hypointense nodules
which showed very similar contrast medium uptake compared to normal liver and which
were subsequently determined to represent vacuolar hepatopathy on histopathology (Fig. 3).
In one dog (patient 5) two additional approximately 2 cm in diameter each masses not seen
on ultrasound.were found on MRI1 which showed imaging characteristics similar to the
confirmed HCGlesion in this patient. However, as these lesions were located deep within
liver lobes they were not identified in surgery, and sampling and histopathology were not
performed.. Enlarged hepatic lymph nodes were not identified in any dog. Non-lymph node
extra-hepatic lesions were found in 2/7 (28.5%) of dogs. In one dog (patient 7) with a
presumptive clinical diagnosis of abdominal wall lipoma the imaging characteristics of the
mass were inconsistent with fat, and a diagnosis of soft tissue sarcoma was made
subsequently= I another dog (patient 2) multiple splenic nodules of unknown etiology were
noted. Finally, in2 dogs several hepatic nodules were identified during surgery which had not
been visualized®n magnetic resonance imaging and were found to be benign on

histopatholegy.

DISCUSSION
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The MRI characteristics of hepatocellular carcinoma using the liver-specific contrast
agent gadoxetate disodium were variable in this sample of dogs. However, all lesions were
hypointense to.isointense on pre-contrast T1-W GRE sequences and hypointense on post-
contrast TI2WLGRE sequences at all time points which is similar to findings of a previous
study evaluating canine hepatic lesions using a low-field MRI system.'® The degree of MRI
heterogeneity ofithe lesions in this study corresponded to histopathology, with two of the
grade 3 lesions’(marked heterogeneity) being described as having multifocal areas of
hemorrhage and coagulative necrosis throughout and the third grade 3 lesion being described
as having lobules,separated by fibrous bands. The one grade 0 lesion (homogeneous) had no
comment of hemorrhage, necrosis, or fibrosis tissue on histopathology.

Tumerssinythis study displayed contrast enhancement to a lesser degree than the
surrounding normal hepatic parenchyma. It has been shown in humans that gadoxetate
disodium.distributes into the vascular and extravascular spaces following intravenous
injection.’® Inifially, this contrast agent has similar properties as non-organ specific
gadolinium-based contrast agents. However, over time the contrast medium is extracted by
hepatocytes primarily by organic anion transporter polypeptides, which are located at the
sinusoidal siémbrane.*® The contrast medium is then excreted into the biliary tract via the
multidrug resistance-associated protein 2 at the canalicular membrane.*® The same hepatocyte
transport mechanisms have been documented in rats.”® To the authors’ knowledge the exact
method'of hepatobiliary excretion has not been confirmed in dogs but as the organic anion
transporter polypeptides and the multidrug resistance-associated protein 2 are similar to
people, a comparable method of hepatobiliary excretion of gadoxetate disodium is
assumed."®2%,Changes in expression of these transporter proteins caused by carcinogenesis
results in variable contrast enhancement during the hepatobiliary phase in people.**! In one

human study, it was determined that the expression of a transporter protein decreased with
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increasing HCC grade which corresponded to a decrease in gadoxetate disodium
enhancement of lesions.”* The signal intensity values determined in this study indicate that
canine hepatocellular carcinoma lesions have impaired but retained hepatocyte function,
although the,exact.changes to protein expression have not been evaluated in this species to
date. Time;to maximum contrast enhancement of normal liver parenchyma and difference in
enhancement between normal liver and hepatocellular carcinoma was approximately 10
minutes in ourpatient population. This is similar to human studies and indicates that image
acquisition.at this time point may optimize lesion detection and characterization.?

The identification of additional hepatic lesions not identified with other imaging is an
important clinical ramification as it may alter surgical planning. Abdominal ultrasound can be
limited in lesien.detection, especially in larger patients and certain breed conformations. A
previous study has recommended the use of computed tomography evaluation of the
abdomen.in.patients greater than 25kg.%* Of note, the patient with two hepatocellular
carcinoma lesions'was the largest evaluated in this study and of deep chested conformation
(29kg; Border Collie) (see Fig. 1). The lesion not previously identified on abdominal
ultrasound was located in the craniodorsal aspect of the right lateral liver lobe, a region that
can be difficult'to,assess, emphasizing the benefit of cross-sectional imaging in assessment of
hepatic masses. One dog had two additional smaller masses identified on the MRI study, both
of which had imaging characteristics similar to the confirmed HCC lesion, although they
unfortunately'eould not be palpated during surgery, preventing a histopathologic diagnosis.

In 2 dogs the surgeon described multifocal small hepatic nodules noted during
laparotomy which had not been observed during MRI examination. In a 3" dog hypointese
nodules wereifound on T2-weighted images which showed contrast medium uptake similar to
normal parenchyma and were not visible on post contrast images. Biopsies of these lesions

were consistent with nodular hyperplasia/vacuolar hepatopathy with no evidence of

This article is protected by copyright. All rights reserved.
10



248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

malignancy on histopathology. Although the number of cases is too small to draw meaningful
conclusions it is plausible that regenerative nodules and other benign liver lesions may have
maintained function similar to normal liver parenchyma, resulting in a similar degree of
contrast medium‘uptake as in normal liver parenchyma.

Limitations of this study include the small sample size of dogs and liver masses
enrolled. Additienally, the regions of interest drawn over normal liver were not confirmed as
normal on histepathology. However, no abnormalities were noted on ultrasound or MRI in
the area of liver chosen as normal, and extensive biopsy sampling of presumably normal liver
for confirmation‘was not possible in this population of client-owned dogs.

In conclusion, the imaging characteristics of gadoxetate disodium-enhanced MRI of
canine hepateeellular carcinoma are variable. In this sample of dogs, all lesions were
hypointense on pest contrast T1-W GRE sequence, possibly indicating retained but impaired
hepatocyte function. The MRI evaluations of the liver allowed for detection of additional
hepatic and non=hepatic lesions not identified by abdominal ultrasound, affecting the clinical
recommendations for these patients. Future studies comparing lesion detection and
classification between gadoxetate disodium-enhanced MRI and non-organ specific contrast-

enhanced MR are required to establish the true benefit of this contrast agent.
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Dorsal 136-150 532-592 12 1-3 4-5 mm 320 x 240-272 320 x 218-231
Transverse
90 387-497 17 1-2 4-6 mm 408-512 x 408-512 256 x 153-192
Dorsal 150 2970-3800 100-103 1-3 4-5 mm 320 x 240-272 320 x 204-231
Transverse 122-150 3150-4850 82-87 1-2 4-6 mm 256-320 x 256-320 320 x 192-240
Dorsal 68 4.26-4.8 2.13-2.4 1-2 4-5 mm 256 x 200-216 256 x 150-162
Sagittal 68 4.3-4.8 2.15-2.4 1-2 5-6 mm 256 x 208 256 x 156
Transverse 10-31.7, 3.66-5.08 1.47-2.39 1 1.5-3mm  250-324 x 216-384  256-384 x 163-243
Transverse 10-31.7, 3.66-5.08 1.54-2.39 1 2-3 mm 250-320 x 216-320  256-320 x 163-208
Dorsal 136-150 532-812 12 1-3 4-5 mm 320 x 208-320 320 x 177-272
Transverse 90 497-648 17 1 4-6 mm 512 x 408-464 256 x 153-174
356 TR, repetitionttimes(in milliseconds, ms); TE, echo time (ms); NEX, number of excitations; TSE,
357  turbo spin eehoSE, spin echo; VIBE, volume-interpolated body examination (T1-weighted 3D
358  gradient echo sequence); W, weighted; TrueFISP, fast imaging with steady state precession.
359  Appendixg@2aSignalIntensity of Confirmed Hepatocellular Carcinoma Lesions

Hypointense

Hypointense  Isointense  Hyperintense Hypointense Isointense &
Sequenge onl Only Only & lIsointense  Hyperintense
y Hyperintense
Pre- 1/8 1/8 2/8 3/8
1/8
contrast 12 50¢ n/a
TLWSE #™@25%)  (125%) (1759 (25%) (37.5%)
To2-W 1/8 3/8 2/8 2/8
TSE e (12.5%) nfa
270 (37.5%) (25%) (25%)
18 1/8 1/8 2/8 2/8
TrueFISP n/a
(12:56%) (12.5%) (12.5%) (25%) (25%)
Pre- 2/8 5/8 1/8
contrast n/a n/a n/a
VIBE (25%) (62.5%) (12.5%)
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360
361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

Post-
contrast

VIBE (all (100%)

time points)

8/8
n/a n/a n/a n/a n/a

Post-

contrast 3/8 3/8 1/8 1/8

nfa n/a

glt-W Fat (37.5%) (37.5%) (12.5%) (12.5%)
a

TSE, turbo spin-echo; VIBE, volume-interpolated body examination (T1-weighted 3D gradient echo
sequence); W, weighted; TrueFISP, fast imaging with steady state precession.

FIGURE BEGENDS

Fig. 1. Transversg pre-contrast T1-W SE (A), transverse T2-W TSE (B), transverse pre-
contrast TI#WMGRE (C), transverse post-contrast T1-W GRE immediately (0) and at 1, 5, 10
and 20 minutes (D-H), and transverse 25 minute post-contrast T1-W FatSat (I) images in a 12
year-old neutered male Border Collie (patient 7) at the same level. (A) There is an irregular
heterogeneous mass in the left ventral aspect of the liver (arrows) with an additional slightly
hyperintense’second mass in the right dorsal aspect of the liver (arrowheads). The gallbladder
displays a layered appearance (asterisk). (B) The mass in the left ventral aspect of the liver is
markedly heteregeneous (grade 3) with the smaller mass in the right dorsal aspect of the liver
being mildly heterogeneous (grade 1). (C) The left-sided mass is similar to (A) with the right-
sided mass beingfairly inconspicuous. (D-H) There is progressive enhancement of the
normalrhepaticsparenchyma (1) with the majority of both masses being hypointense at all
time points. (I) The left-sided lesion remains heterogeneous with the periphery being slightly

hyperintense. The right-sided lesion is homogeneous and hyperintense.
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383

384

Fig. 2. Graphicwrepresentation of the signal intensity ratios (SIR) of the HCC lesions to

normal hepatic parenchyma. Measurements were obtained before (pre), immediately (0), 1, 5,
10, and 20 mingafter intravenous administration of gadoxetate disodium. In the majority of
cases, the fowest SIR values were reached at 10 minutes indicative of maximum difference
between lesion and normal parenchymal enhancement. This time point marks the end of the

wash-in period and start of the wash-out period.
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Fig. 3. Transverse T2-W TSE image (A) and transverse T1-W GRE image 10 minutes
following gontrast medium administration (B) in a 13 year old Boston Terrier (patient 1). A
large mass originates from the papillary process of the quadrate lobe of the liver (asterisk).
This lesion.is T2 hypointense (A), mildly heterogeneous (grade 1), and shows decreased
contrastmedium uptake compared to normal liver parenchyma (B). Additionally, multiple
faint T2 hypointense nodules are visible throughout the liver (A; arrows) which are not seen
on the post contrast image (B), indicating similar contrast medium uptake compared to
normal liverparenchyma. The liver was noted to be diffusely abnormal with multiple small
nodules during surgery, and biopsies were obtained. Histopathology yielded a diagnosis of
hepatocellulamearcinoma for the hepatic mass and vacuolar hepatopathy for multiple liver

nodules:
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