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GENERAL INTRODUCTION 

 

Focal liver lesions (FLLs) that present as nodules or masses in dogs may be relatively 

common findings. Relevant clinical signs would be the reason for the visit an animal hospital. 

FLLs could be benign liver structural changes or malignant liver tumors. Generally, liver tumor 

in dogs, which can be both primary and metastatic, are usually malignant. Primary liver tumors 

are relatively rare, accounting for 0.6 to 1.3%1 of all tumors in dogs. The most common primary 

liver tumor in dogs is hepatocellular carcinoma (HCC).1-3 However, an appropriate 

management for the lesion depends on the diagnosis which could be benign or malignant 

pathologic conditions. Therefore, it is important to gain a tentative diagnosis of the lesion 

before surgical treatment. Unfortunately, liver biopsy, which is the gold standard for a 

definitive diagnosis of the lesion types4, is invasive and can cause life-threatening 

complications as consequences.5,6 Thus, non-invasive diagnostic methods for determining the 

nature and importance of FLLs are needed. 

To the best of our knowledge, FLLs generally cannot be diagnosed by clinical signs, 

blood examination, or abdominal radiography; however, they are easily detected using current 

diagnostic imaging methods, including abdominal ultrasonography (US) and computed 

tomography (CT), resulting in an increase in the number of animals in which FLLs are 

incidentally discovered.  

Recent advances in diagnostic technology which is a new US technique called contrast-

enhanced US, can provide real-time perfusion imaging of many organs7, has been mainly used 

in investigating FLLs in dogs7,8 due to its diagnostic capability to differentiate benign and 

malignant FLLs with high accuracy.8 However, this technique is only available in a limited 

number of countries due to local regulations and the need for specific equipment, including 

contrast agent, transducers, and special software for analysis. Therefore, attempting to use 
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applicable characteristics of the FLLs based on current diagnostic imaging methods would 

serve as valuable methods for distinguishing benign from malignant liver lesion and could help 

clinicians in making decision for a treatment plan, although imaging diagnosis remains 

challenging for predicting liver malignancy.  

Conventional B-mode US is a simple diagnostic method commonly used in clinical 

settings to investigate the liver by evaluating its appearance to detect lesions that affect the 

liver parenchyma.9,10 Unfortunately, it is widely known that the US characteristics of FLLs 

cannot provide a specific diagnosis.11-15 Moreover, clinical data, including signalment, clinical 

signs, and laboratory findings, are generally considered nonspecific findings. However, a 

combination of clinical data and US features of FLLs may allow prediction of whether lesions 

are benign or malignant. 

In addition, technological advancement in CT systems recently have improved the 

image quality and enabled quick scanning, which helps reduce the radiation dose and the need 

for prolonged sedation or anesthesia.16,17 Consequently, the number of dogs undergoing 

abdominal CT examination has increased. Due to subjective evaluation, diagnostic 

performance of CT characteristics in differentiating benign from malignant liver lesions has 

not been sufficiently clarified in dogs because of the complexity of using contrast uptake 

characteristics18,19, although previous studies have revealed that triple-phase helical CT 

characteristics are useful for differentiating among HCC, hepatocellular adenoma, nodular 

hyperplasia and metastasis.20-22 Therefore, it is necessary to find some practical CT 

characteristics of FLLs for distinguishing benign changes from malignant liver lesions in 

clinical application. 

Besides the challenge of diagnostic technology for distinguishing pathologic varieties 

of FLLs, little is known regarding epidemiological features of HCC in dogs which is the most 

common primary liver tumor. In humans, the development of HCC is associated with major 
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risk factors, including cirrhosis, chronic infection with hepatitis B and C viruses, alcoholic fatty 

liver disease, and non-alcoholic fatty liver disease. However, similar risk factors have not been 

identified in dogs because a viral aetiology has not been detected in dogs, and an association 

between cirrhosis and HCC in dogs is rare, representing only 7% of dogs with HCC.1,23 

A few studies have explored the risk factors for HCC in dogs.1,2,24,25 However, the 

clinical features and risk factors for HCC in dogs have not yet been confirmed. In addition, 

previous studies have reported that vacuolar hepatopathy (VH) in Scottish Terriers may be 

associated with HCC development, suggesting that VH might be a risk factor for HCC.26-28 

Therefore, it is possible that VH-related disorders can increase the risk of HCC development.28 

However, a search for concurrent disorders in dogs with HCC has not been performed. 

With the above background, the aims of this study were to investigate the clinical utility 

of current diagnostic methods in distinguishing pathologic varieties of FLLs whether lesions 

are more likely to be attribute to benign or malignant, and in order to gain new insight into the 

potential factors associated with HCC in dogs. This study was specifically focused on 2 parts 

including diagnosis of FLLs (chapter 1 and 2) and clinical aspects of HCC in dogs (chapter 3). 

In chapter 1, the diagnostic performance of clinical data and US appearances of dogs with FLLs 

were determined for predicting liver malignancy. In chapter 2, simple CT variables and their 

diagnostic performance for classifying benign and malignant liver lesions were examined and 

determined, respectively. In chapter 3, the prevalence and potential risk factors associated with 

HCC in dogs were investigated. 
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CHAPTER 1 

 

PREDICTIVE FACTORS OF MALIGNANCY IN DOGS WITH  

FOCAL LIVER LESIONS USING CLINICAL DATA AND 

ULTRASONOGRAPHIC FEATURES 
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1. INTRODUCTION 

 

An FLL that presents in dogs can be either a benign or a malignant liver disease. A 

definitive diagnosis of FLLs requires invasive procedures for histopathologic examination4, 

which is expensive and invasive, and it can result in life-threatening complications.5,6 Thus, 

noninvasive diagnostic methods for determining the nature and importance of FLLs are needed. 

Recently, contrast-enhanced US, an advanced diagnostic technique, has become 

increasing popularity for examining FLLs due to its ability in distinguishing benign and 

malignant FLLs with high accuracy.7,8 However, this technique may not be easily accessible 

due to the cost, the needs for specific equipment, and their limited availability in veterinary 

facilities. Therefore, a simpler and noninvasive diagnostic method for distinguishing benign 

from malignant FLLs is needed. 

Conventional B-mode US is a simple diagnostic method commonly used in clinical 

settings to investigate the liver by evaluating its appearance, including the echogenicity, 

echotexture, size, shape and margins, and to detect lesions that affect the liver parenchyma.9,10 

However, it remains diagnostically challenging to determine the nature of FLLs based solely 

on this method due to overlap of the US features of malignant and benign liver lesions.10,15 

Recent studies have conversely suggested that several US features of FLLs may be related to 

malignant conditions and liver cytology results.17,29,30 In addition, clinical data, including 

signalment, clinical signs, and laboratory findings, are generally considered nonspecific 

findings. The use of this information alone is not sufficiently accurate to determine the causes 

of FLLs.3,11-15 Therefore, a combination of clinical data and US features of FLLs may have the 

potential to predict pathologic types of liver lesions.  

The goal of chapter 1 was to determine the clinical relevance of clinical and US data 

for the prediction of liver malignancy in dogs.   
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2. MATERIALS AND METHODS 

 

2.1. Study population 

A retrospective study was conducted using information from dogs with FLLs with 

histologically confirmed diagnoses between January 2013 and July 2018 at Hokkaido 

University Veterinary Teaching Hospital (HUVTH). The inclusion criteria of this study were 

dogs with FLLs that underwent abdominal US and histopathologic examinations following 

surgery or liver biopsy. All of the histopathologic examinations were performed by a board-

certified pathologist. 

Dogs were excluded from this study if they did not undergo abdominal US examination, 

if they had no representative US images of the liver, or if the quality of US images was poor 

due to the possibility of misinterpretation. 

 

2.2. Data collection 

Medical records were reviewed for candidate predictive factors, including signalment, 

clinical signs, clinicopathologic findings, and abdominal US findings. Signalment consisted of 

age, body weight and sex. Clinical signs consisted of anorexia, weight loss, lethargy, polyuria 

and polydipsia (PU/PD), vomiting, diarrhea, jaundice, and neurological signs. 

 Clinicopathologic findings, including hematologic and serum biochemical analyses, 

were extracted from the medical records of all of the included dogs over a 2-week period of 

abdominal US examinations. Hematological abnormalities were defined as follows: 

leukocytosis, white blood cell (WBC) count >17 × 103 cells/µL (reference range, 6-17 ×103 

cells/µL); anemia, hematocrit (HCT) <37% (reference range, 37-55%); and thrombocytosis, 

platelet (PLT) count >500 × 103 cells/µL (reference range, 200-500 ×103 cells/µL). The upper 

limits of the reference ranges for liver enzymes, including serum alkaline phosphatase (ALP), 
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alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-glutamyl 

transferase (GGT) activities, were 254 IU/L (reference range, 47-254 IU/L), 78 IU/L (reference 

range, 17-78 IU/L), 44 IU/L (reference range, 17-44 IU/L), and 14 IU/L (reference range, 5-14 

IU/L), respectively. The reference range for the total bilirubin (T-bil) concentration was 0.1-

0.5 mg/dL. 

All of the US images were collected using one of three US scanners (Aplio XG and 

Aplio 500, Toshiba Medical Systems, Tochigi, Japan; HI VISION Preirus, Hitachi Medical 

Corp, Chiba, Japan) that are available in the HUVTH. The US findings of FLLs included 

maximum size, number, margin, echotexture, and echogenicity relative to the liver 

parenchyma. These US findings were compared with histopathologic results as predictors of 

malignant and benign liver diseases. The size of FLLs was defined as the maximum diameter 

based on the maximum measurable diameter in each lesion. The number of FLLs was recorded 

as single or multiple. The margin of FLLs was categorized as smooth or irregular. Additionally, 

the echotexture of FLLs was classified by its uniformity as homogeneous or heterogeneous 

throughout the lesion’s parenchyma. The echogenicity of FLLs was categorized as anechoic, 

hypoechoic, isoechoic, hyperechoic, or mixed echogenicity from the lesion’s brightness 

relative to the surrounding liver parenchyma. The presence or absence of peritoneal fluid, 

hepatic lymphadenopathy, and calcification was also evaluated. All of the US images were 

assessed using medical imaging viewer software (OsiriX, Pixmeo SARL, Bernex, Switzerland) 

as a reference for FLLs by two investigators (RL and MT). 

 

2.3. Statistical analysis 

Comparisons of all of the predictive factors of benign and malignant liver lesions were 

conducted with univariate analyses using Fisher’s exact test or the chi-square test for 

categorical variables, including sex, the presence of clinical signs, the presence of abnormal 
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clinicopathologic findings, US appearance of FLLs, and the presence of ascites, hepatic 

lymphadenopathy, and calcification. The data are presented as numbers and percentages. 

Continuous variables, including age, body weight and maximum lesion size, were assessed 

using the Mann-Whitney U-test and are expressed as the medians and ranges. Spearman’s 

correlation analysis was performed to evaluate the possible relationship between the body 

weights of dogs and the lesion size. The optimal cut-off values of lesion size to predict 

malignancy were chosen from a receiver operating characteristic (ROC) curve analysis with 

the criterion variables “maximum lesion size” and “malignant” as condition variables. 

A multivariable logistic regression model was used to select predictive factors from 

univariate analyses via a forward stepwise selection procedure. The selection used a threshold 

P value (P < 0.15 for inclusion, P > 0.2 for exclusion) to identify independent predictors with 

the strongest associations with liver malignancy. Then, the odds ratio (OR) and 95% confidence 

interval (CI) of each predictive variable that was included in the multivariate model were 

calculated. The diagnostic accuracy of the predictive model of independent predictors was 

assessed by a ROC curve. For all of the statistical analyses, a P value < 0.05 was considered 

significant. All of the data were analyzed using commercial statistical software (JMP Pro, 

version 14.0.0, SAS Institute Inc.). 
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3. RESULTS 

 

3.1. Animals 

A total of 91 dogs with histopathologic diagnoses of FLLs were identified during the 

study period. A total of 83 dogs met the inclusion criteria. The remaining 8 dogs were 

excluded due to poor US image quality or inadequately representative US images (Figure 1).  

Of these 83 dogs, the dog breeds included 13 Miniature Dachshunds, 8 Chihuahuas, 6 

Beagles, 6 Welsh Corgis, 6 Shiba Inus, 6 Yorkshire Terriers, 5 Shih Tzus, 4 Toy Poodles, 3 

Golden Retrievers, 3 Labrador Retrievers, 3 Mongrels, 2 American Cocker Spaniels, 2 Border 

Collies, 2 Malteses, 2 Miniature Schnauzers, 2 Papillons, and one each of the following: Boston 

Terrier, Cairn Terrier, French Bulldog, Jack Russel, Lhasa Apso, Pekingese, Pug, Scottish 

Terrier, Shetland Sheepdog, and Standard Dachshund. 

 

3.2. Histopathologic classification 

Histopathologic results revealed that 55 dogs had malignant lesions, and 28 dogs had 

benign lesions. Of the malignant lesions, there were 37 HCCs, five hemangiosarcomas, four 

undifferentiated sarcomas, three cholangiocellular carcinomas, three hepatocholangiocellular 

carcinomas, and three metastatic lesions. Benign lesions included 12 nodular hyperplasias, six 

glycogen accumulations, three lesions of cholangiohepatitis, two normal livers, and one each 

of hepatitis, amyloidosis, hepatic cyst, biliary cyst, and hematoma. 
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3.3. Predictive factors of liver malignancy 

The evaluation of the predictive factors possibly associated with liver malignancy was 

performed by univariate analyses of clinical data and US features. The results of all of the 

predictive factors are summarized in Table 1.  

Regarding predictive factors of clinical data, the median ages of dogs with benign and 

malignant liver lesions were 11 years (range, 6-17 years) and 12 years (range, 7-16 years), 

respectively, which were not significantly different (P = 0.8956). There was also no significant 

difference between the body weights of dogs between benign and malignant liver lesions (P = 

0.4671), and the median body weights of dogs with benign and malignant lesions were 7.4 kg 

(range, 2.3-22.9) and 7.5 kg (range, 1.7-37), respectively. Thirteen male and 15 female dogs 

had benign lesions, and 32 male and 23 female dogs had malignant lesions. The sex 

distributions were not significantly different between dogs with benign and malignant liver 

lesions (P = 0.3565). Of these 83 dogs, only 41 dogs, including 13 dogs with benign liver 

lesions and 28 dogs with malignant liver lesion, presented with clinical signs; however, no 

significant differences were found regarding the presence of clinical signs, as shown in Table 

1. For the hematologic findings, data were extracted from the medical records of 83 dogs to 

obtain HCT data and from 82 dogs to obtain WBC and PLT counts. For serum biochemical 

findings, data were extracted from the medical records of 83 dogs to obtain ALP and ALT 

levels, 61 dogs to obtain AST levels, 47 dogs to obtain GGT levels, and 75 dogs to obtain T-

bil levels. Among the clinical data, the results of univariate analyses indicated that the PLT 

count was the only factor predictive of liver malignancy in which dogs with malignant liver 

lesions significantly represented with thrombocytosis (P = 0.0169). 

Three US variables were significantly different between benign and malignant liver 

lesions. The maximum lesion size of malignant liver lesions (median 5.1 cm, range: 0.9-15.3 

cm) was significantly larger than that of benign liver lesions (median 1.8 cm, range: 0.4-7.0 
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cm) (P < 0.0001), and the body weight showed a positive correlation with lesion size (r = 

0.1437, P = 0.1949). The best cut-off value of lesion size to differentiate malignant from benign 

liver lesions was 4.1 cm. Using the cut-off value of 4.1 cm, the diagnostic performance was as 

follows: accuracy: 78.3%; sensitivity: 70.9%; specificity: 92.9%; positive predictive value 

(PPV): 95.1%; and negative predictive value (NPV): 61.9%. In addition, compared with benign 

liver lesions, malignant liver lesions showed significantly heterogeneous echotexture (P < 

0.0001) and mixed echogenicity (P < 0.0001) on US (Figure 2).  

In the multivariate analysis, the significant predictive factors in the univariate analyses 

were selected using a multivariable logistic regression model. The multivariate analysis 

showed that the PLT count (thrombocytosis; OR: 7.17, 95% CI: 1.52-33.77, P = 0.0127), 

maximum lesion size (4.1 cm or greater; OR: 23.83, 95% CI: 3.74-151.95, P = 0.0008), and 

echotexture of FLLs (heterogeneous; OR: 8.44, 95% CI: 1.37-51.91, P = 0.0214) were found 

to be independent predictive factors of liver malignancy, as shown in Table 2. The predictive 

performance of this model exhibited 85.4% accuracy, 89.1% sensitivity, 77.8% specificity, 

89.1% PPV, and 77.8% NPV, with an area under the curve (AUC) of 0.9185.  
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Figure 1. Diagram of patient selection. 
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Figure 2. Conventional B-mode US image of HCC. The lesion has a heterogeneous echotexture 

and mixed echogenicity ranging from hypoechoic to hyperechoic (arrows), compared with the 

surrounding normal liver parenchyma (*). 
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Table 1. Comparison of the characteristics of clinical data and ultrasonographic findings between benign and malignant liver lesions in dogs. 

Variable 
Total (n = 83) 

P value 
Benign (n = 28) Malignant (n = 55) 

Signalment    

Age in years – median (range) 

Body weight in kg – median (range) 

11 (6-17) 

7.4 (2.3-22.9) 

12 (7-16) 

7.5 (1.7-37) 

0.8956 

0.4671 

Sex, n (%)   0.3565 

Male 13 (46.4) 32 (58.2)  

Female 15 (53.6) 23 (41.8)  

Clinical signs    

Anorexia, n (%) 6 (21.4) 12 (21.8) 1.0000 

Weight loss, n (%) 2 (7.1) 6 (10.9) 0.7111 

Lethargy, n (%) 5 (17.9) 9 (16.4) 1.0000 

PU/PD, n (%) 5 (17.9) 8 (14.6) 0.7539 

Vomiting, n (%) 3 (10.7) 3 (5.5) 0.4004 

Diarrhea, n (%) 2 (7.1) 4 (7.3) 1.0000 

Jaundice, n (%) 2 (7.1) 0 (0) 0.1111 

Neurological signs, n (%) 1 (3.6) 0 (0) 0.3373 

Clinicopathologic findings     

Leukocytosis, n (%) 6/27 (22.2) 10/55 (18.2) 0.8516 

Anemia, n (%) 5/28 (17.9) 13/55 (23.6) 0.7788 

Thrombocytosis, n (%) 6/27 (22.2) 30/55 (54.6)   0.0169* 

High ALT level, n (%) 23/28 (82.1) 44/55 (80.0) 1.0000 

High AST level, n (%) 12/21 (57.1) 17/40 (42.5) 0.2963 

High ALP level, n (%) 25/28 (89.3) 47/55 (85.5) 0.7426 

High GGT level, n (%) 9/18 (50.0) 11/29 (37.9) 0.5462 

Hyperbilirubinemia, n (%) 4/25 (16.0) 2/50 (4.0) 0.0910 
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Variable 
Total (n = 83) 

P value 
Benign (n = 28) Malignant (n = 55) 

Ultrasound    

Maximum lesion size in cm – median (range) 1.8 (0.4-7.0) 5.1 (0.9-15.3) <0.0001* 

Lesion number, n (%)   0.2288 

Single 16 (57.1) 39 (70.9)  

Multiple 12 (42.9) 16 (29.1)   

Lesion margin, n (%)   0.1134 

Smooth 24 (85.7) 37 (67.3)  

Irregular 4 (14.3) 18 (32.7)  

Lesion echotexture, n (%)   <0.0001* 

Homogeneous 16 (57.1) 2 (3.6)  

Heterogeneous 12 (42.9) 53 (96.4)  

Lesion echogenicity, n (%)   <0.0001* 

Anechoic 1 (3.6) 0 (0)  

Hypoechoic 7 (25.0) 1 (1.8)  

Hyperechoic 8 (28.6) 1 (8.2)  

Mixed echogenicity 12 (42.9) 53 (96.4)  

Ascites, n (%) 0 (0) 4 (7.3) 0.2948 

Hepatic lymphadenopathy, n (%) 2 (7.1) 4 (7.3) 1.0000 

Calcification, n (%) 0 (0) 0 (0) NA 

ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; NA, not 

assessed; PU/PD, polyuria and polydipsia.  

*P values < 0.05 were statistically significant. 
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Table 2. Multivariable logistic regression with stepwise model selection to identify 

independent variables for predicting liver malignancy. 

Variable Odds ratio 95% CI P value 

PLT count    

Thrombocytosis 7.17 1.52-33.77 0.0127* 

Maximum lesion size    

4.1 cm in diameter or greater 23.83 3.74-151.95 0.0008* 

Lesion echotexture    

Heterogeneous 8.44 1.37-51.91 0.0214* 

PLT, platelet. 

*P values < 0.05 were statistically significant. 
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4. DISCUSSION 

 

The goal of this retrospective study was to determine the predictive performance of 

clinical data and US features in determining the malignancy of FLLs. Multivariate analysis 

results indicated that the PLT count, maximum lesion size, and echotexture of FLLs were 

independent predictors for differentiating between benign and malignant liver diseases. 

The results of this study revealed a heterogeneous echotexture that was significantly 

associated with malignant liver lesions, and this heterogeneous appearance could result from 

intratumoral hemorrhage and necrosis.32 This result is consistent with the results of previous 

studies that described the presence of target lesions and cavitations inside a mass as signs of 

liver malignancy11,17, since these 2 features also presented as heterogeneous echotexture. Thus, 

this result suggested that a heterogeneous echotexture of an FLL is a useful US finding for 

predicting malignant conditions. 

However, the classification of the presence of cavitations within a mass or target lesions 

from a heterogeneous echotexture of FLLs did not be separately classified on US findings in 

the present study since this study aimed to conduct a simple US evaluation to predict benign 

and malignant liver lesions for clinicians to use in clinical practice; thus, the results of this 

study were different from those of previous studies17,29-31 that did not show an association 

between the echotexture of FLLs and liver malignancies. Among the reasons for this 

discrepancy are the different US criteria for evaluating the appearances of FLLs17,29-31 and 

different denominator populations. Furthermore, some predictive factors measured in this study 

were not included in previous studies.17,29-31 Due to these differences, US classification 

guidelines for differentiating between benign and malignant liver lesions are needed. 

The results of this study also showed that a lesion size of 4.1 cm or greater was 

significantly associated with malignant liver lesions, consistent with the results of previous 
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studies.29,30 However, the cut-off values of maximum lesion size were greater than those of 

previous studies, perhaps due to the number of included dogs with HCC in this study. HCC 

mostly presented with large sizes of FLLs, which could have contributed to the prediction of 

liver malignancy based on lesion size.  

The presence of ascites was not independently associated with liver malignancy, 

conflicting with the results of previous studies.29,30 This discrepancy may be due to the limited 

number of dogs with FLLs in this study. Additionally, ascites are present not only in neoplastic 

diseases but also in non-neoplastic liver diseases31, such as chronic hepatitis. In the present 

study, none of the benign diseases presented with ascites. Thus, the presence of ascites could 

have been an independent factor for predicting liver malignancy, as indicated in previous 

studies29,30, had the number of dogs with FLLs been greater. 

 Although the clinical characteristics of dogs with FLLs are usually nonspecific33-34, 

thrombocytosis was overrepresented in the dogs with malignant liver lesions examined here, 

possibly due to the presence of a large number of dogs with HCC in this study. This result is 

similar to the results of previous reports of dogs with HCC.24 In addition, recent studies have 

also revealed that reactive or secondary thrombocytosis is commonly associated with 

neoplasias, especially carcinoma.35-37 However, the causes of carcinoma-related 

thrombocytosis in dogs remain unclear; these conditions may result from paraneoplastic 

syndrome, as observed in human malignancies, including HCC.38-40 In humans, tumors have 

been linked to the production of granulocyte-macrophage colony-stimulating factor, 

interleukin-6, and thrombopoietin (TPO)39,41-43, and the liver is a source of TPO. Nevertheless, 

the role of TPO in liver disease in dogs has not yet been investigated, so there could be 

mechanisms related to thrombocytosis. Additionally, thrombocytosis can contribute to a 

thromboembolic event and affect prognosis, as well as survival time, as presented in humans; 

however, the risk of thromboembolic events, survival time or the outcomes of dogs did not be 
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investigated in this study. Therefore, further investigation is needed to determine the 

pathophysiologic mechanism of thrombocytosis and its roles as a paraneoplastic phenomenon 

and prognostic factor. 

This study had several limitations. First, the clinical and laboratory findings could not 

be collected from all of the dogs included in this study. Missing data could have affected the 

results of the data analyses. In addition, it is possible that the presenting clinical data may not 

have been related to the malignant liver lesions in the enrolled dogs with multiple disease 

processes. Second, US assessment is subjective and depends on an observer. The observer 

variation could result in diagnostic variability. In this study, to minimize the variation 

associated with observer assessment, all of the examiners used a fixed criterion for assessment.  

Third, this study used three different ultrasound devices to image FLLs. Despite this 

limitation, results of the present study indicated that the echotexture of FLLs could 

independently predict liver malignancy. Therefore, the usefulness of the US echotexture in 

predicting liver malignancy might not depend on the type of ultrasound device used.  

Next, the body size of dogs for the lesion size variable did not be normalized due to the 

small effect of body weight on the lesion size variables in the present study. Thus, it is possible 

that there might be an effect of the body size of dogs on the liver lesion diameter. Further study 

is needed to confirm the effect of body weight on the lesion size of FLLs. In addition, because 

this study was performed at a referral hospital, there is the possibility that malignant liver lesion 

might be detected in lesion sizes smaller than 4.1 cm in general hospital situations. 

Due to the retrospective nature of this study, another limitation is that interpretation of 

US appearances was performed using stored images, which might have limited the accuracy 

for detecting some US appearances. To minimize this limitation, video clips of the FLLs were 

also used to interpret US appearances.  
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Finally, histopathologic results were used as a reference standard and as inclusion 

criteria, likely leading to a number of biases since some dogs with FLLs did not undergo 

surgery or liver biopsy due to either the clinician’s decision or the owner’s personal reasons. 

Therefore, the sample size obtained for histopathologic examination could have affected the 

accuracy of the predictive model. In addition, due to the retrospective study design, this study 

cannot confirm that a lesion detected by US was the same lesion from which a sample was 

collected for histologic examination, which could have affected the accuracy of diagnosis as a 

limitation of clinical practice. However, since a dog may have multiple disease processes; thus, 

the histologic results may not have reflected the disease causing an FLL. 

In conclusion, a combination of clinical and US data provides independent predictors 

of liver malignancy, including thrombocytosis, lesion size of 4.1 cm or greater, and 

heterogeneous echotexture of FLLs, that can differentiate malignant from benign liver lesions 

in dogs. Prediction of liver malignancy may help clinicians in clinical decision making for 

further examination and appropriate treatment.  
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5. SUMMARY 

 

In this chapter, the clinical relevance of clinical and US data for the prediction of liver 

malignancy in dogs was determined. The results of univariate analyses showed that several US 

features and PLT count were significantly associated with liver malignancy. Multivariate 

analysis indicated that the PLT count, maximum lesion size, and the echotexture of FLLs were 

independent predictors for differentiating between benign and malignant liver diseases. Thus, 

a combination of clinical and US data provides independent predictors of liver malignancy, 

including thrombocytosis, lesion size of 4.1 cm or greater, and heterogeneous echotexture of 

FLLs.   
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CHAPTER 2 

 

COMPUTED TOMOGRAPHIC FEATURES FOR DIFFERENTIATING 

BENIGN FROM MALIGNANT LIVER LESIONS IN DOGS  
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1. INTRODUCTION 

 

Since liver biopsy, a definitive diagnosis of pathologic type4 of FLLs, is invasive5,6, 

noninvasive diagnostic imaging could serve as a valuable method to distinguish benign from 

malignant liver lesions. Although determining the nature of a nodule or mass via imaging 

diagnosis remains challenging. 

Recently, current diagnostic method, CT has gained popularity and has consequently 

increased numbers of incidental findings of FLLs due to its technological advancements in CT 

systems.16,17 In humans, CT has been used to examine various pathologic conditions of the liver 

via an enhancement pattern following intravenous administration of contrast medium.44-48 In 

dogs, previous studies have revealed that triple-phase helical CT characteristics are useful for 

differentiating among HCC, hepatocellular adenoma, nodular hyperplasia and metastasis20-22 

since dynamic CT can reveal differences in vascularization that are of diagnostic 

significance.19,46,49 However, CT characteristics remain challenging for differentiating benign 

liver lesions from malignant ones. Thus far, there are few CT characteristics that can 

distinguish benign and malignant etiologies but its diagnostic performance in differentiating 

benign from malignant liver lesions has not been sufficiently clarified due to the complexity of 

using contrast uptake characteristics.18,19 A previous study reported that the lowest delayed 

phase absolute enhancement of a mass is able to distinguish benign from malignant liver 

masses with high accuracy.17 However, the criterion is complex, subjective, and difficult to use 

in clinical applications due to the high level of experience needed. The determination of 

applicable CT features for predicting liver malignancy in clinical practice could provide a 

useful information for aiding in clinical decision making for treatment. 
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 Thus, the goal of chapter 2 were to determine the diagnostic value of dynamic CT 

images in order to identify CT variables that could be useful for classifying benign and 

malignant liver lesions in clinical practice. 
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2. MATERIALS AND METHODS 

 

2.1. Study population 

This study was a prospective study conducted in accordance with the Hokkaido 

University Animal Care and Use Committee. Medical records of the dogs attending the 

HUVTH were searched from April 2016 to September 2018 for all dogs with liver nodules or 

masses. Consent was obtained from the owners of all dogs recruited into this study. 

 The inclusion criteria of this study were dogs with liver nodules or masses that 

underwent abdominal CT examination before obtaining surgical resection of the lesion. All 

histopathologic diagnoses were performed by a board-certified pathologist. 

 Dogs were excluded from the study if they did not undergo CT examination or did not 

have a definitive diagnosis of a lesion that was histopathologically confirmed. 

 

2.2. CT procedures 

All CT examinations were performed using an 80-row multidetector CT scanner 

(Aquilion PRIME, Toshiba Medical Systems, Tochigi, Japan) by an experienced radiologist 

(KH or GS). Helical CT scans that included precontrast and postcontrast images in the arterial, 

portal and delayed phases through the liver were routinely performed for all abdominal CT 

scans. All dogs were anesthetized or sedated and positioned in dorsal or sternal recumbency. 

The scan settings included a slice thickness of 3 mm, helical pitch of 0.813, tube rotation time 

of 0.5 sec, X-ray tube potential of 120 kVp and X-ray tube current of 60-500 mA, which were 

automatically calculated by a commercial software package (Sure Exposure 3D; Toshiba 

Medical Systems, Tochigi, Japan). All helical scans were initiated at the diaphragmatic dome 

and extended caudally to the level of the pelvic inlet. Following precontrast CT scanning, 

iohexol (Omnipaque 300, GE Healthcare, Oslo, Norway) was used as a contrast medium and 
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was administered at a dose of 2 ml/kg (600 mgI/kg) via the cephalic vein with a power injector 

over an injection duration of 20-30 sec. Postcontrast images were obtained using the bolus 

tracking technique. The trigger threshold for the arterial scan was set at 200 Hounsfield units 

(HU) of the abdominal aorta. After triggering for 20 sec, the arterial phase scan was 

automatically initiated. The portal phase was initiated at 20 sec after the end of the arterial 

phase scan. Three min after the beginning of the injection of contrast medium, a delayed phase 

scan was obtained. 

 

2.3. Data collection and diagnostic criteria  

 Medical histories of the dogs included in the study were reviewed, and the following 

data were extracted: signalment, including age, sex, breed and body weight, and 

histopathologic diagnosis of the liver lesion. 

 CT images of all included dogs were reviewed using DICOM viewing software (OsiriX, 

Pixmeo SARL, Bernex, Switzerland) by a doctoral student (RL) trained in internal medicine 

and diagnostic imaging that was unaware of the final diagnosis at the time of image review. 

The number of liver nodules or masses in each dog was recorded during CT image evaluation, 

which included both qualitative and quantitative variables. 

The following qualitive variables were recorded: location; appearance of the lesion 

margin (well-defined or ill-defined); surface appearance (lobulated or smooth); capsule 

formation, which was defined as a thin or thick band that partially or completely surrounded 

the tumor at different attenuations of postcontrast images (presence or absence); and blood 

vessel distribution within each lesion during arterial enhancement (central, peripheral or 

diffuse). Central enhancement was defined as the presence of blood vessels in the central area 

of the lesion. Peripheral and diffuse enhancements were defined as the presence of blood 

vessels surrounding the marginal area of the lesion and blood vessels extending across the 
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entire lesion, respectively. Parenchymal homogeneity of the lesion in precontrast images and 

the postcontrast enhancement pattern of the lesion in postcontrast images were defined as the 

uniformity of lesion enhancement (homogenous or heterogeneous) by subjective evaluation. 

The overall attenuation of the lesion relative to normal liver parenchyma in postcontrast images 

(hypo-, iso- or hyperattenuation) was also recorded by measuring the contrast values in HU. 

Attenuation of the lesion, excluding calcification, vessels and nonenhanced regions that might 

be a cyst, necrosis or hemorrhage, and surrounding liver parenchyma was measured using a 

circular region of interest (ROI) of approximately 30 mm2 within the 3 areas of interest for 

each phase. The classification of attenuation of the lesion was defined by a cutoff of 10 HU as 

described previously.21 Hyperattenuation was defined as a lesion contrast value at least 10 HU 

greater than that of the liver parenchyma. Isoattenuation was defined as a lesion contrast value 

that was no greater or less than 10 HU compared to that of the liver parenchyma. 

Hypoattenuation was defined as a lesion contrast value of at least 10 HU less than that of the 

liver parenchyma.   

The following quantitative variables were recorded: maximal transverse diameter of the 

lesion (cm), mean attenuation of normal liver parenchyma in each phase (HU), mean 

attenuation of the lesion in each phase (HU), relative attenuation of the lesion in each phase 

(mean attenuation of the lesion – mean attenuation of normal liver parenchyma) and the volume 

of the lesion (cm3) by generating volume-rendered images of the lesion. Volume-rendered 

images were carefully constructed by placing an automated closed polygon ROI on the entire 

nodule or mass in transverse slices from the most cranial to the most caudal part of the lesion. 

The volume of the lesion was automatically computed from the sum of the volumes of all the 

ROIs of all the slices. 

 All medical records and CT data of all included dogs were compiled by one investigator 

(RL). 



28 

 

 

2.4. Statistical analysis 

 Statistical analysis was performed using commercial software (JMP Pro, version 14.0.0, 

SAS Institute Inc.) by one investigator (RL). The pathologic conditions from histopathologic 

diagnosis of the lesion were simply classified as benign or malignant lesions for comparisons 

of CT variables between both conditions using univariate and multivariate analyses. The 

normality of continuous data, including age, body weight, maximal transverse diameter of the 

lesion, volume of the lesion, attenuation of the lesion and normal liver parenchyma and relative 

attenuation of the lesion, was assessed by the Shapiro-Wilk test. 

For the univariate analysis, continuous variables were analyzed using Student’s t-test 

and the Mann-Whitney U test for normally distributed and nonnormally distributed data, 

respectively, and are presented as the mean ± standard deviation. Categorical variables, 

including sex, breed, location, appearance of the lesion margin, surfaces, capsule formation, 

blood vessel distribution, parenchymal homogeneity of the lesion, postcontrast enhancement 

pattern of the lesion and overall attenuation of the lesion, were assessed using Fisher’s exact 

test or the chi-square test and are presented as numbers and percentages. 

For the multivariate analysis, a stepwise regression analysis was used to select the 

significant variables from the univariate analysis via forward selection with a P value threshold 

(P < 0.15 for inclusion and P > 0.2 for exclusion) to identify independent variables that can 

classify benign and malignant liver lesions. The OR and 95% CI of each variable that was 

included in the multivariate model were calculated. ROC curve analysis was performed to 

determine the diagnostic accuracy of the multivariate model and each independent variable. 

For all statistical analyses, a P value < 0.05 was considered statistically significant. 
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3. RESULTS 

 

3.1. Animals 

 Forty-six dogs with 55 nodules or masses met the inclusion criteria and were enrolled 

in this study. The dogs included in this study consisted of 20 females and 26 males. The average 

age at diagnosis was 11.3 ± 2.4 years. The average body weight of the dogs was 9.6 ± 7.7 kg. 

The dog breeds included 6 Chihuahuas, 5 Yorkshire Terriers, 4 Miniature Dachshunds, 3 

Mongrels, 3 Shiba Inus, 3 Shih Tzus, 3 Toy Poodles, 2 Beagles, 2 Golden Retrievers, 2 

Miniature Schnauzers, 2 Papillons, 2 Welsh Corgis, and one of each of the following breeds: 

Australian Shepherd, Border Collie, Boston Terrier, Cairn Terrier, Jack Russel, Lasa Apso, 

Maltese, Pekingese and Shetland Sheepdog. 

 

3.2. Histopathologic classification  

 The histological findings revealed 43 malignant and 12 benign varieties of liver lesions. 

For malignant lesions, 37 were HCCs, 2 were cholangiocellular carcinomas, 2 were 

hepatocholangiocarcinomas, 1 was a hemangiosarcoma and 1 was an undifferentiated sarcoma. 

Benign lesions included 9 nodular hyperplasias, 1 glycogen accumulation, 1 hematoma and 1 

hepatic cyst. 

 

3.3. CT features of liver malignancy 

 The evaluation of 23 CT variables, including 12 qualitative and 11 quantitative 

variables, was included in the univariate analysis. Among these variables, 7 qualitative 

variables, including the appearance of the lesion margin, surfaces, blood vessel distribution, 

parenchymal homogeneity of the lesion in precontrast images and postcontrast enhancement 

pattern of the lesion in postcontrast images, and 2 quantitative variables, including maximal 
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transverse diameter and volume of the lesion, were significantly different between the benign 

and malignant liver lesions (Tables 3 and 4). 

 All significant CT variables from the univariate analysis were included in the stepwise 

analysis. Among these variables, the maximal transverse diameter, blood vessel distribution 

and postcontrast enhancement pattern of the lesion in the delayed phase were selected as 

candidate variables for multivariate analysis, as shown in Table 3. However, the multivariate 

analysis revealed that only the maximal transverse diameter (P = 0.0008) and postcontrast 

enhancement pattern of the lesion in the delayed phase (P = 0.0085) were found to be 

significant independent CT variables for the differentiation of benign from malignant FLLs 

(Figures 3 and 4). 

Regarding these independent CT variables, the best cutoff value of the maximal 

transverse diameter for predicting liver malignancy was > 4.5 cm (OR: 26, 95% CI: 2.38-

283.64) based on the highest Youden’s index according to receiver operating characteristic 

curve analysis. In addition, malignant pathologic conditions were associated with the 

heterogeneous appearance of lesions in the delayed phase (OR: 10.90, 95% CI: 1.53-77.85) 

(Table 5). The diagnostic performance of each variable and the combination of both variables 

for predicting liver malignancy is shown in Table 6. The results indicated that the combination 

of both independent variables had a higher predictive ability than each individual variable in 

predicting liver malignancy, with an AUC of 0.8973. The performance measurement based on 

the combination of both independent variables presented an accuracy of 90.9%, a sensitivity of 

95.4% and a specificity of 75%. 
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Figure 3. Transverse CT images of a dog with nodular hyperplasia. (A) A precontrast image 

presenting a 2-cm homogenous isoattenuating nodule (arrows) in the quadrate lobe. (B) A 

heterogeneous hyperattenuating nodule with diffuse enhancement (arrows) in the arterial 

phase. Homogenous isoattenuation of the nodule (arrows) in the (C) portal and (D) delayed 

phases. 
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Figure 4. Transverse CT images of a dog with HCC. (A) A precontrast image presenting a 9-

cm heterogeneous isoattenuating mass in the right lateral lobe. (B) Heterogeneous 

hypoattenuation of the mass in the arterial phase with arterial enhancement in the peripheral 

area of the lesion (arrow). (C) A thin band surrounding the heterogeneous hypoattenuating 

mass with different attenuations representing the tumor capsule (arrowheads) in the portal 

phase. (D) Heterogeneous isoattenuation of the mass in the delayed phase. 
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Table 3. Qualitative characteristics of benign and malignant focal liver lesions 

Variables Benign (n = 12) Malignant (n = 43) P value 

Location, n (%)    0.1658 

Left lateral lobe 5 (41.7) 12 (27.9)  

Left medial lobe 1 (8.3) 6 (14)  

Right lateral lobe 4 (33.3) 9 (20.9)  

Right medial lobe 0 (0) 4 (9.3)  

Quadrate lobe 2 (16.7) 1 (2.3)  

Caudate process of the caudate lobe 0 (0) 6 (14)  

Papillary process of the caudate lobe 0 (0) 5 (11.6)  

Surfaces, n (%)     0.0494* 

Lobulated 0 (0) 13 (30.2)  

Smooth 12 (100) 30 (69.8)  

Appearance of the lesion margin, n (%)     0.0292* 

Well-defined 9 (75) 42 (97.7)  

Ill-defined 3 (25) 1 (2.3)  

Capsule formation, n (%)   0.0961 

Presence 2 (16.7) 20 (46.5)  

Absence 10 (83.3) 23 (53.5)  

Blood vessel distribution, n (%)     0.0152* 

Central 1 (8.3) 15 (34.9)  

Peripheral 3 (25) 18 (41.9)  

Diffuse 8 (66.7) 10 (23.3)  

Parenchymal homogeneity of the lesion in the precontrast image, n (%)     0.0008* 

Homogenous 10 (83.3) 12 (27.9)  

Heterogeneous 2 (16.7) 31 (72.1)  

Postcontrast enhancement pattern of the lesion in the arterial phase, n (%)     0.0066* 

Homogenous 7 (58.3) 7 (16.3)  

Heterogeneous 5 (41.7) 36 (83.7)  
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Variables Benign (n = 12) Malignant (n = 43) P value 

Postcontrast enhancement pattern of the lesion in the portal phase, n (%)     0.0027* 

Homogenous 8 (66.7) 8 (18.6)  

Heterogeneous 4 (33.3) 35 (81.4)  

Postcontrast enhancement pattern of the lesion in the delayed phase, n (%)     0.0016* 

Homogenous 9 (75) 10 (23.3)  

Heterogeneous 3 (25) 33 (76.7)  

Overall attenuation in the arterial phase, n (%)   0.2069 

Hyperattenuation 5 (41.7) 10 (23.3)  

Isoattenuation 4 (33.3) 23 (53.5)  

Hypoattenuation 3 (25) 10 (23.3)  

Overall attenuation in the portal phase, n (%)   0.9700 

Hyperattenuation 1 (8.3) 4 (9.3)  

Isoattenuation 2 (16.7) 6 (14)  

Hypoattenuation 9 (75) 33 (76.7)  

Overall attenuation in the delayed phase, n (%)   0.0854 

Hyperattenuation 2 (16.7) 1 (2.3)  

Isoattenuation 5 (41.7) 13 (30.2)  

Hypoattenuation 5(41.7) 29 (67.4)   

*P values < 0.05 were statistically significant. 
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Table 4. Quantitative characteristics of benign and malignant focal liver lesions 

Variables Benign (n = 12) Malignant (n = 43) P value 

Maximal transverse diameter (cm) 3 ± 1.4 6.7 ± 3.1 <0.0001* 

Volume of the lesion (cm3) 24 ± 29.2 198.9 ± 230.3   0.0002* 

Mean attenuation of liver parenchyma (HU)    

Arterial phase 117.5 ± 17 115.9 ± 18.3 0.7752 

Portal phase 161.1 ± 22.4 150.9 ± 20.5 0.1747 

Delayed phase 123.8 ± 11.1 123.2 ± 15.8 0.8901 

Mean attenuation of the lesion (HU)    

Arterial phase 131.1 ± 56.2 109.5 ± 43.3 0.1009 

Portal phase 137.4 ± 50.3 116.2 ± 38.7 0.1974 

Delayed phase 112.5 ± 31.9 104.6 ± 23.5 0.4370 

Relative attenuation of the lesion (HU)    

Arterial phase 13.6 ± 58.5 -6.3 ± 44.9 0.1451 

Portal phase -23.8 ± 43 -34.8 ± 34.9 0.4288 

Delayed phase -11.3 ± 27.7 -18.6 ± 20.8 0.3034 

HU, hounsfield unit. 

*P values < 0.05 were statistically significant; values are presented as the mean ± standard deviation. 
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Table 5. Multivariate analysis to identify independent variables for differentiating malignant 

from benign focal liver lesions 

Variables OR 95% CI P value 

Maximal transverse diameter     

> 4.5 cm 26.00 2.38-283.64   0.0008* 

Blood vessel distribution    

Central or peripheral 5.58 0.81-38.27 0.0658 

Homogeneity of the lesion in the delayed phase    

Heterogeneous 10.90 1.53-77.85   0.0085* 

OR, odds ratio; 95% CI, 95% confidence interval. 

*P values < 0.05 were statistically significant. 
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Table 6. Diagnostic performance of independent CT variables for predicting the malignancy of focal liver lesions 

Factors Both independent variables Homogeneity of the lesion Maximal transverse diameter 

AUC 0.8973 0.7587 0.8304 

Sensitivity (%) 95.4 76.7 74.4 

Specificity (%) 75.0 75.0 91.7 

PPV (%) 93.2 91.7 97.0 

NPV (%) 81.8 47.4 50.0 

Accuracy (%) 90.9 76.4 78.2 

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value.
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4. DISCUSSION 

 

 In the present study, the maximal transverse diameter and postcontrast enhancement 

pattern of the lesion in the delayed phase were significantly related to the differentiation of 

pathologic conditions of FLLs, with an accuracy of 90.9% observed for triple-phase CT. 

 The maximal transverse diameter and postcontrast enhancement pattern of the lesion in 

the delayed phase, which were independent variables in the multivariate analysis, are 

considered suitable criteria for easily differentiating between benign and malignant liver 

lesions, although both were subjective variables. Using 4.5 cm as an optimal cutoff for the 

lesion, liver malignancy was independently predicted, with an accuracy of 78.2%. This cutoff 

value for the maximal transverse diameter is consistent with that reported in previous studies 

on the US appearance of FLLs.29,30 Additionally, postcontrast enhancement pattern of the 

lesion in the delayed phase independently classified liver lesions with an accuracy of 76.4%, 

and a malignant variety of FLLs presented with a significantly heterogeneous appearance in 

the delayed phase. This heterogeneous appearance could be related to the presence of a necrotic 

region within the mass, which is consistent with previous studies of CT characteristics of liver 

lesions17,20-22, revealing not only that the lowest absolute enhancement of the mass in the 

delayed phase of less than 37 HU could predict malignant liver lesions and theoretically reflect 

the region of necrosis17 but also that cyst-like necrotic lesions tend to be found in HCC.20 

Regarding the results, both independent variables may reflect the aggressive biological 

behavior of liver malignancy, which could be indicated by a large lesion size and the presence 

of necrosis within a mass via the heterogeneous appearance of the lesion.  

 In this study, a significant difference in blood vessel distribution between benign and 

malignant FLLs was observed upon arterial enhancement in the univariate analysis; however, 

it may have fallen out of multivariate analysis because it was less important than other factors. 
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Therefore, it is possible that the vessel distribution could be related to the prediction of liver 

malignancy if the number of dogs included in this study was increased, as reported in previous 

studies that investigated the characteristics of enhanced blood vessels in the arterial phase in 

dogs with HCC and benign lesions.20,22 However, the result of this study is consistent with the 

results of a previous study in dogs postulating that histopathologic and vascular characteristics 

of liver neoplasms may vary between humans and dogs.17  

 In this study, quantitative variables, including multiple attenuation values within a 

defined region for identifying the enhancement ability of the lesions after the uptake of contrast 

medium, were not measured due to the complexity of subjective evaluation and the experience 

of the observer. Furthermore, this study aimed to find practical variables that clinicians can use 

to easily distinguish benign from malignant liver lesions in clinical practice. The measurement 

of multiple attenuation values may vary among observers due to the degree of subjectivity in 

placing the ROI on a defined region. 

 The high accuracy of diagnostic performance in differentiating benign from malignant 

FLLs suggests that triple-phase CT has the ability to identify lesions by their blood supply and 

contrast uptake characteristics during 3 distinct hepatic circulatory phases: the arterial, portal 

and delayed phases.46 During the delayed phase, enhancement of the liver parenchyma is 

maximized, which may result in the clear evaluation of the postcontrast enhancement pattern 

of the lesion, as described in the present study. 

One limitation of this study is its small sample size, with only 46 dogs enrolled. This 

sample size may affect the results and accuracy of the CT variables used to distinguish benign 

liver lesions from malignant ones. Another limitation is the relative lack of variety in lesion 

types from the histopathologic results that were included in this study, likely leading to a 

number bias. It is possible that benign-looking malignancies were not taken to surgery and thus 

were also not included in this study. Therefore, the study population based on histologic 
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examination could have affected the results of this study. Next, the discrepancies in the CT 

protocols used among studies in the literature may also affect the CT interpretation in each 

study. Moreover, the effect of the duration of contrast material injection on the arterial phase 

for the detection and classification of pathologic varieties of FLLs in veterinary medicine 

remains unclear. Therefore, another prospective study is warranted to investigate the effect of 

contrast material injection duration on arterial enhancement. Finally, CT measurement 

variables for interpretation vary between studies, leading to differences in the results due to 

subjectivity and observer variation. Despite these limitations, this study identified CT variables 

that can be used to easily differentiate benign from malignant liver lesions in the clinic using 

fixed criteria for each variable to minimize interobserver variability. 

 In conclusion, this study aimed to determine the clinical relevance of CT variables for 

the differentiation of benign from malignant FLLs. The maximal transverse diameter and 

postcontrast enhancement pattern of the lesion in the delayed phase are independent variables 

that successfully classified liver lesions as benign or malignant with high accuracy, supporting 

their clinical use. Although CT diagnosis cannot provide a specific diagnosis, which requires 

histopathologic examination, the results of this study indicate that triple-phase CT can aid in 

the prediction of pathologic conditions of FLLs and can assist clinicians in clinical decision 

making. Further investigations with larger numbers of dogs should be conducted to support the 

results of this study. 
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5. SUMMARY 

 

 In this chapter, the practical CT features of FLLs were identified and their clinical 

relevance for broadly classifying histopathologic diagnoses as benign or malignant was 

determined. The results of univariate analyses showed that several quantitative and qualitative 

CT variables were significantly associated with liver malignancy. Multivariate analysis 

indicated that the maximal transverse diameter and postcontrast enhancement pattern of the 

lesion in the delayed phase are independent variables for classifying liver lesions as benign or 

malignant with high accuracy. Thus, triple-phase CT can provide information for 

distinguishing pathologic varieties of FLLs via lesion size of 4.5 cm or greater, and 

heterogeneous appearance in the delayed phase.  
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CHAPTER 3 

 

EPIDEMIOLOGY OF MASSIVE HEPATOCELLULAR CARCINOMA 

IN DOGS: A 4-YEAR RETROSPECTIVE STUDY 
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1. INTRODUCTION 

 

Although, a few studies have explored the risk factors for HCC in dogs and have 

revealed that certain breeds of dogs, particularly Miniature Schnauzers and Shih Tzus, and 

male dogs are overrepresented for HCC.1,2,24,25, the clinical features and risk factors of HCC in 

dogs have not yet been confirmed.  

Previous studies have reported that VH in Scottish Terriers may be associated with 

HCC development, suggesting that VH might be a risk factor for HCC.26-28 In humans, recent 

studies have reported that hypothyroidism and diabetes mellitus are related to HCC50-52 due to 

the association with non-alcoholic steatohepatitis (NASH)53,54, which is considered to be a 

predisposing condition for HCC development.55,56  

In dogs, one previous study showed a disruption in mitochondrial ultrastructure and 

metabolism and modification of keratin filaments in VH livers.28 Similar ultrastructural and 

metabolic changes in the liver have also been observed in humans with NASH.57 Therefore, it 

is possible that VH-related disorders can increase the risk of HCC development, as 9/55 dogs 

with VH developed HCC.28 However, a search for concurrent disorders in dogs with HCC has 

not been performed. 

Due to limited information regarding the epidemiological features of HCC in dogs, the 

goal of chapter 3 were to estimate the prevalence of HCC and to identify potential risk factors 

associated with HCC, including clinicopathologic factors and concurrent disorders. 
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2. MATERIALS AND METHODS 

 

2.1. Study population 

A retrospective study was carried out in the HUVTH from May 2013 to May 2017. 

Informed consent was obtained from all owners of dogs involved in this study. Diagnosis of 

HCC in dogs were identified by abdominal US and histopathologic examination following 

surgery. All histopathologic examinations were performed by a board-certified pathologist. 

The pathologic diagnosis of HCC was defined according to the guidelines of the World Small 

Animal Veterinary Association (WSAVA) Liver Standardization Group.58 To estimate 

prevalence and to examine age, sex and breed predispositions, and to investigate risk factors 

for HCC including concurrent disorders, all dogs presented to HUVTH during the study period 

were used as the reference population.  

To characterize the clinical features of HCC, one-to-one propensity score matching 

combined with covariate adjustment was used to select a pair of dogs with and without HCC 

in the same conditions, resulting in no differences in age, sex, breed, and comorbidities for the 

case-control analysis. 

 

2.2. Data collection  

For both HCC and control dogs, data extracted from the medical records included 

signalment (age, sex, breed, and body weight); history of long-term steroid use in anti-

inflammatory or immunosuppressive doses (0.5-2.0 mg/kg/day; ≥2 weeks)59; clinicopathologic 

findings, including hematologic and serum biochemical analyses, endocrine test results, 

imaging results and concurrent diseases. 

Hematological abnormalities were defined as follows: leukocytosis, WBC count >17 

×103 cells/µL (reference range, 6-17 ×103 cells/µL); anemia, HCT <37% (reference range, 37-
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55%); and thrombocytosis, PLT count > 500 ×103 cells/µL (reference range, 200-500 ×103 

cells/µL). Serum biochemical abnormalities were defined as follows: hypoproteinemia, total 

protein (TP) content <5.0 g/dL (reference range, 5.0-7.2 g/dL); hypoalbuminemia, albumin 

(Alb) content <2.6 g/dL (reference range, 2.6-4.0 g/dL); and hypoglycemia, glucose (Glu) 

content <75 mg/dL (reference range, 75-128 mg/dL).  The upper limits of the reference ranges 

for liver enzymes, including serum ALT, ALP, AST and GGT, were 78 IU/L (reference range, 

17-78 IU/L), 254 IU/L (reference range, 47-254 IU/L), 44 IU/L (reference range, 17-44 IU/L) 

and 14 IU/L (reference range, 5-14 IU/L), respectively. In addition, hyperbilirubinemia was 

defined as a T-bil concentration >0.5 mg/dL (reference range, 0.1-0.5 mg/dL).  Other serum 

biochemical abnormalities were defined as hypercalcemia, hypertriglyceridemia and 

hypercholesterolemia if the total calcium (tCa), triglyceride (TG) and total cholesterol (TCho) 

concentrations were >12.1 mg/dL (reference range, 9.3-12.1 mg/dL), >133 mg/dL (reference 

range, 30-133 mg/dL) and >312 mg/dL (reference range, 111-312 mg/dL), respectively. 

For endocrine testing, endocrine disorders including hyperadrenocorticism, 

hypothyroidism and diabetes mellitus that were diagnosed at a private animal hospital or the 

HUVTH were considered in this study. Hyperadrenocorticism was determined if the dogs had 

a historical diagnosis within 6 months of HCC presentation60, on the basis of a positive result 

with either a low-dose dexamethasone suppression test or an adrenocorticotrophic hormone 

(ACTH) stimulation test, in combination with one or more common clinical signs other than 

abdominal distension and hepatomegaly, as described in the consensus statement of American 

College of Veterinary Internal Medicine (ACVIM).61 Diagnosis of hypothyroidism was based 

on a historical diagnosis of a thyroid panel and low total or free thyroxine levels with elevated 

thyroid-stimulating hormone levels within 6 months of HCC presentation.60 Diabetes mellitus 

was considered present if the dogs had a historical diagnosis prior to or within 3 months after 

HCC presentation60, based on persistent fasting hyperglycemia with clinical signs. 
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2.3. Statistical analysis 

Period prevalence was evaluated for dogs diagnosed with HCC. Continuous variables, 

including age and body weight, were assessed using the Mann-Whitney U-test and were 

expressed as the median and range. Categorical variables, including breed, sex, 

clinicopathologic findings and concurrent disorders, were analyzed using Fisher’s exact test or 

the chi-square test or. Factors possibly associated with HCC, including age, breed, sex and 

concurrent disorders, were assessed using univariate and multivariate logistic regression 

analysis. ORs and 95% CIs for univariate and multivariate associations between HCC and 

possible risk factors were also estimated. Statistical power analysis was conducted to determine 

the effect of a significant breed predisposition to HCC. Propensity score matching (1:1 match) 

was performed to minimize the effect of potential confounders on selection bias for case-

control analysis, using multiple logistic regressions to estimate the probability of having 

specific clinical features for HCC. The covariates used in the propensity score were age, breed, 

and comorbidities. A Bonferroni correction was applied to account for the multiplicity of 

breeds. Statistical analyses were performed using commercial statistical software packages 

(JMP Pro, version 14.0.0, SAS Institute Inc., and R 3.4.1, The R Project for Statistical 

Computing). P < 0.05 was considered statistically significant (P < 0.0036 after Bonferroni 

correction). 
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3. RESULTS 

 

3.1. Prevalence estimates 

The study population consisted of 4,607 dogs that were presented during the study 

period. Forty-one dogs were diagnosed with massive-type HCC, giving a prevalence of 0.96%. 

 

3.2. Risk factors for HCC 

The ages of the dogs diagnosed with HCC (median, 11 years; range, 8-15 years) were 

significantly higher (P < 0.001) than those of the reference population (median, 9 years; range, 

0-20 years). The median body weight of the dogs with HCC was 7 kg (range, 1.7-32.5 kg). The 

HCC group included 18 females and 26 males. Compared with each sex category in the 

reference population (n = 2,107 females, n = 2,456 males), there was no significant difference 

with the HCC group (P = 0.3186).  

Details regarding the dog breeds are shown in Table 7. The HCC group included 7 

Welsh Corgis (15.9%), 5 Beagles (11.4%), 5 Shih Tzus (11.4%), 5 Chihuahuas (11.4%), 4 

Miniature Dachshunds (9.1%), 4 Yorkshire Terriers (9.1%), 4 Toy Poodles (9.1%), 4 Mongrels 

(9.1%) and one each of the following: Pug (2.3%), Shiba Inu (2.3%), Boston terrier (2.3%), 

Golden retriever (2.3%), Miniature Schnauzer (2.3%) and Pomeranian (2.3%). The total 

number of dogs without HCC during the study period was 4,563. Of these, 3,293 dogs belonged 

to one of the dog breeds in which HCC was described. The number and proportion of each 

breed among the dogs without HCC were as follows: 217 Welsh Corgis (4.8%), 107 Beagles  

(2.8% ), 206 Shih Tzus (4.5%), 368 Chihuahuas (8.1%), 848 Miniature Dachshunds (18.6%), 

159 Yorkshire Terriers (3.5%), 334 Toy Poodles (7.3%), 338 Mongrels (7.4%), 75 Pugs 

(1.6%), 178 Shiba Inus (3.9%), 36 Boston Terriers (0.8%), 93 Golden Retrievers (2%), 166  

Miniature Schnauzers (3.6%) and 124 Pomeranians (2.7%). A significant breed predisposition 
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to HCC was observed in Welsh Corgis (OR: 3.79; 95% CI: 1.67-8.60; P = 0.0014) and Beagles 

(OR: 5.34; 95% CI: 2.06-13.81; P = 0.0006).  

Of the 44 HCC dogs, 27 (61.4%) had at least one concurrent disease (Table 8). The 

most frequent concurrent disease with HCC was hyperadrenocorticism (total n = 10; n = 3 

Beagles, n = 2 Chihuahuas and one each of the following: Welsh Corgi, Mongrel, Pomeranian, 

Boston terrier and Toy Poodle). The association of HCC with concurrent disorders, especially 

endocrinopathies, is shown in Table 9. Chi-square testing revealed that the OR of 

hyperadrenocorticism in dogs diagnosed with HCC were 6.92 times those of the controls (95% 

CI: 3.37-14.22; P < 0.0001). However, there was no significant association between HCC and 

hypothyroidism or diabetes mellitus (P > 0.05). In addition, only two HCC dogs had a history 

of long-term steroid use (4.5%). 

Multivariate logistic regression analysis confirmed that age was significantly associated 

with HCC, with increased risk in older dogs (OR, 1.20; 95% CI, 1.07-1.33; P = 0.0005). Welsh 

Corgis (OR, 3.68; 95% CI, 1.56-8.67; P = 0.0029) and Beagles (OR, 4.33; 95% CI, 1.58-11.90; 

P = 0.0044) were the only breeds with a statistically significant predisposition to HCC 

(statistical power = 75.3% and 76.9%, respectively). Although Shih Tzus were a predisposed 

breed in univariate analysis, the statistical power was only 46%. Hyperadrenocorticism was 

significantly associated with HCC as a concurrent disorder (OR, 4.13; 95% CI, 1.95-8.76; P = 

0.0002). However, sex and hypothyroidism or diabetes mellitus were not associated with HCC. 

Variables associated with HCC in univariate and multivariate analysis are summarized in Table 

9. 

 

3.3. Clinical characteristics of HCC 

According to the one-to-one propensity score matching, 44 dogs without HCC from the 

reference population were matched with 44 HCC dogs. The clinicopathologic findings for the 
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HCC dogs were compared with those for dogs without HCC as the control group. The results 

of the clinicopathologic findings are summarized in Table 10. Hematology was performed in 

44 dogs, and data were available for 43 dogs for WBC count, HCT and PLT count. Serum 

biochemical analysis was performed in 44 dogs, and ALT, ALP and TP were evaluated in all 

dogs. Alb and T-bil concentrations were evaluated in 42 dogs; Glu was evaluated in 41 dogs; 

and tCa concentrations were evaluated in 32 dogs. Serum AST and GGT activities and TCho 

and TG concentrations were assessed in 30, 28, 27 and 15 dogs, respectively. Thrombocytosis 

(n = 30/43; 69.8%; P = 0.0002), elevated ALT (n = 41/44; 93.2%; P < 0.0001), elevated ALP 

(n = 42/44; 95.5%; P = 0.0034), and hypercalcemia (n = 13/32; 40.6%; P = 0.0042) were 

significantly associated with HCC. 
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Table 7. Breed distribution and statistics for dogs in the HCC group. 

Breed n Total n OR 95% CI P value 

Welsh Corgi 

Beagle 

Shih Tzu 

Chihuahua 

Miniature Dachshund 

Yorkshire Terrier 

Toy Poodle 

Mongrel 

Pug 

Shiba Inu 

Boston Terrier 

Golden Retriever 

Miniature Schnauzer 

Pomeranian 

7 

5 

5 

5 

4 

4 

4 

4 

1 

1 

1 

1 

1 

  1 

224 

112 

211 

373 

852 

163 

338 

342 

76 

179 

37 

94 

167 

125 

3.79 

5.34 

2.71 

1.46 

0.44 

2.77 

1.27 

1.25 

1.39 

0.57 

2.92 

1.12 

0.62 

0.83 

1.67-8.60 

2.06-13.81 

1.06-6.95 

0.57-3.73 

0.16-1.23 

0.98-7.84 

0.45-3.56 

0.44-3.51 

0.19-10.24 

0.08-4.18 

0.39-21.82 

0.15-8.20 

0.08-4.50 

0.11-6.09 

   0.0014* 

   0.0006* 

 0.0378 

 0.4274 

 0.1165 

 0.0548 

 0.6546    

 0.6722 

 0.7455 

 0.5829 

 0.2953 

 0.9128 

 0.6330 

 0.8568 

OR, odds ratio; 95% CI, 95% confidence interval. 

*P values < 0.0036 were statistically significant by Bonferroni correction. 
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Table 8. Concurrent diseases in the HCC group. 

Category n 

Endocrinopathy/metabolic 

Hypothyroidism 

Hyperadrenocorticism 

Diabetes mellitus 

Thyroid carcinoma 

Hepatic/pancreatic 

Nodular hyperplasia 

Gallbladder mucocele 

Cardiovascular 

Myxomatous mitral valve degeneration 

Heart-base tumor 

Gastrointestinal 

Tooth root abscess 

Leiomyoma of the ileum 

Urinary 

Membranous glomerulonephritis 

Chronic kidney disease 

Bladder calculi 

Neurological 

Idiopathic epilepsy 

Cauda equina syndrome 

Meningioma 

Others 

Total 

 

2 

10 

1 

1 

 

3 

1 

 

2 

1 

 

1 

1 

 

1 

1 

1 

 

1 

1 

1 

4 

33 
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Table 9. Univariate and multivariate logistic regression analysis of factors associated with HCC. 

OR, odds ratio; 95% CI, 95% confidence interval. 

*P values < 0.05 were statistically significant. 

 

Variable  Unadjusted OR (95% CI) P value  Adjusted OR (95% CI) P value 

Age 1.25 (1.13-1.38)  <0.0001* 1.20 (1.07-1.33)    0.0005* 

Breed     

Welsh Corgis 3.79 (1.67-8.60)    0.0014* 3.68 (1.56-8.67)    0.0029* 

Beagles 5.34 (2.06-13.81)    0.0006* 4.33 (1.58-11.90)    0.0044* 

Shih Tzus 2.71 (1.06-6.95)    0.0378* 2.61 (0.98-6.99)  0.0556 

Male sex 1.36 (0.74-2.51) 0.3186 1.47 (0.79-2.73)  0.2189 

Concurrent disorder 

Hyperadrenocorticism 

 

6.92 (3.37-14.22) 

 

 <0.0001* 

 

4.13 (1.95-8.76) 

 

   0.0002* 

Hypothyroidism 1.29 (0.31-5.36) 0.7302 0.82 (0.19-3.51)  0.7854 

Diabetes mellitus 2.06 (0.28-15.23) 0.4799 1.69 (0.21-13.43)  0.6209 
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Table 10. Hematologic and serum biochemical test results in the HCC and control groups. 

Parameter Reference range 
HCC dogs (n = 44) Control dogs (n = 44) 

P value 
n Median (range) Abnormal (%) n Median (range) Abnormal (%) 

Hematologic findings         

WBC count (×10³ cells/µL) 6.0-17.0 43 9.8 (5.4-23.5) 9.3 43 11.1 (4.8-47.9) 18.6 0.2072 

HCT (%) 37.0-55.0 43 41.4 (20.6-57.7) 27.9 44 42.9 (14.8-54.5) 20.5 0.4607 

PLT count (×10³ cells/µL) 20.0-50.0 43 57.5 (16.5-116) 69.8 43 40.3 (7.7-75.6) 25.6   0.0002* 

Serum biochemical findings         

TP (g/dL) 5.0-7.2 44 7.3 (5.6-9.2) 0 44 6.9 (4.0-9.8) 4.6 0.1055 

Alb (g/dL) 2.6-4.0 42 3.3 (2.1-4.8) 4.8 43 3.2 (1.2-3.9) 16.3 0.1561 

Glu (mg/dL) 75-128 41 103 (38-168) 2.4 43 110 (72-226) 2.3 0.9717 

ALT (IU/L) 17-78 44 314.5 (64-1001) 93.2 44 73 (17-1001) 45.5 <0.0001* 

ALP (IU/L) 47-254 44 2551 (179-3591) 95.5 44 477 (72-3501) 70.5   0.0034* 

AST (IU/L) 17-44 30 38.5 (17-369) 43.3 20 33.5 (12-848) 25.0 0.2370 

GGT (IU/L) 5-14 28 13 (1-1076) 42.9 18 11 (0-1201) 38.9 1.0000 

T-bil (mg/dL) 0.1-0.5 42 0.2 (0.1-0.5) 0 41 0.1 (0.1-10.1) 7.3 0.1160 

tCa (mg/dL) 9.3-12.1 32 11.6 (8.9-13.6) 40.6 39 10.8 (6.9-13.2) 7.7   0.0042* 

TCho (mg/dL) 111-312 27 227 (105-451) 44.4 21 258 (107-451) 33.3 0.5553 

TG (mg/dL) 30-133 15 101 (58-354) 26.7 9 0.6 (47-501) 22.2 1.0000 

Alb, albumin; ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; 

Glc, glucose; HCT, hematocrit; PLT, platelet; T-bil, total bilirubin; tCa, total calcium; TCho, total cholesterol; TG, triglyceride; TP, total protein; 

WBC, white blood cell. 

* P values < 0.05 were statistically significant.
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4. DISCUSSION 

 

This study investigated the prevalence, risk factors and clinical characteristics 

associated with HCC in dogs. Results of the present study revealed a higher prevalence of HCC 

than that observed in a previous study1 and confirmed the risk of HCC development in older 

dogs, as reported in previous studies.1,2 In addition, this study reported for the first time a breed 

predisposition for HCC in Welsh Corgis and Beagles and an association between HCC and 

hyperadrenocorticism. This study also found a significant association between dogs with HCC 

and thrombocytosis, elevated ALT and ALP and hypercalcemia. However, in contrast to the 

results of previous studies1,2, there was no sex predisposition for HCC in this study.  

In this study, the prevalence of HCC was higher than in a previous report, in which 

HCC was observed in 0.46% of dogs at necropsy.1 This discrepancy might be due to recent 

advances in diagnostic technology and/or to differences in denominator populations. However, 

the results of the present study supported the results of previous studies that reported increased 

risk of HCC in dogs >10 years old.1,2  

Interestingly, this study found an increased risk of HCC in Welsh Corgis and Beagles 

with a power of 75.3% and 76.9%, respectively. This result is inconsistent with previous studies 

reporting an overrepresentation of HCC in Miniature Schnauzers24 and Shih Tzus.25 Although 

Shih Tzus were predisposed to HCC in univariate analysis, the power statistic for Shih Tzus 

was only 46.6%. In addition, multivariate analysis confirmed that Shih Tzus were not 

predisposed to HCC. According to this analysis, there is low possibility that Shih Tzus are a 

predisposed breed in this study. However, a predisposition of Shih Tzus to HCC cannot be 

excluded based on underpowered statistics. Thus, further studies with a large number of Shih 

Tzus are needed to confirm the possibility that Shih Tzus are predisposed to HCC. Differences 

in breed predisposition among studies might also occur due to regional differences. Moreover, 
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it is possible that there are genetic differences in Welsh Corgis and Beagles from the area where 

this study was performed compared to those in other studies.  

 In humans, HCC is associated with chronic liver diseases, such as NASH. Previous 

studies have indicated an association between NASH and a metabolic syndrome characterized 

by lipid accumulation in hepatocytes.55,56 Lipid accumulation leads to mitochondrial 

dysfunction, which results in oxidative stress in hepatocytes and can lead to the development 

of HCC.62-64 In dogs, VH is a common hepatic disorder that has histopathologic characteristics 

similar to NASH in humans, although the pathophysiology of both disorders is different 

because VH is mostly associated with glycogen accumulation secondary to endogenous or 

exogenous glucocorticoid excess. However, NASH may be a form of VH since a previous 

study reported that VH in dogs also leads to mitochondrial dysfunction in hepatocytes, which 

is similar to the effects of NASH in humans.28 Therefore, the association of HCC with NASH 

in humans may be similar to the association with VH in dogs. Thus, VH may contribute to the 

development of HCC in dogs.  

A previous study in Scottish Terriers suggested that VH can cause hepatic remodelling 

and may progress to degenerative VH with the formation of regenerative foci. This transition 

may exhibit dysplastic characteristics and precede the development of HCC, as reported in 

human and experimental animal models.26 However, other dog breeds can also develop 

degenerative VH, as reported in a previous study where an association between VH and 

neoplasia was suggested.65 This indicates that it is possible that VH secondary to 

hyperadrenocorticism might play a role in the pathogenesis of HCC. Therefore, HCC should 

be considered when liver pathology is diagnosed in dogs with hyperadrenocorticism. However, 

the association between HCC and hyperadrenocorticism is in the present study is inconsistent 

with a recent report of disease associations in dogs with hyperadrenocorticism.66 Differences 

in associated comorbidities might be due to difference between study designs. The present 
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study used the same period of disease occurrence as a condition for both HCC dogs and the 

reference population, in contrast to the previous report. Thus, it is possible that the association 

between HCC and hyperadrenocorticism could be present within the same period rather than 

at the same time point (i.e., death) since massive HCC can be treated by surgical resection 

before death. 

This study did not find an association between HCC and hypothyroidism or diabetes 

mellitus, although, these two diseases are chronic disorders and can cause VH.67 However, 

such associations cannot be certainly excluded due to the small number of HCC dogs with 

those two diseases. Thus, further studies are needed to investigate a large-scale HCC population 

to confirm the results of this study and determine whether there are any differences in the 

pathophysiology of VH in dogs with lipid and glycogen accumulation. 

Although clinicopathologic features are usually nonspecific33,34, thrombocytosis and 

hypercalcemia were overrepresented in the dogs with HCC examined here, which is similar to 

the results of previous reports.2,24 The causes of HCC-related thrombocytosis and 

hypercalcemia in dogs are still unclear. These conditions may result from paraneoplastic 

syndrome, as observed in human HCC.38-40 However, for hypercalcemia, the present study only 

evaluated the tCa concentration. Therefore, further investigation is needed to evaluate the 

ionized calcium concentration to confirm the presentation of hypercalcemia in dogs with HCC 

and determine whether these two conditions are paraneoplastic phenomena. Moreover, ALT 

and ALP levels were frequently increased in this study, supporting the results of previous 

studies, which reported that dogs with HCC typically present with high serum liver enzyme.2,24 

However, this observation is not specific for liver tumors. 

This study had several limitations. Firstly, there was a small number of dogs with HCC, 

which may limit the ability to demonstrate an association in some breeds and with 

hypothyroidism or diabetes mellitus. Secondly, the association between HCC and long-term 
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steroid use, or the physiological effects of exogenous glucocorticoids on HCC development 

cannot be investigated in this study, due to the small number of HCC dogs with long-term 

glucocorticoid administration and the difficulty of collecting the history of long-term steroid 

use in the reference population because of the retrospective nature of this study. Thus, the 

possibility of HCC development associated with excess exogenous glucocorticoids remains 

unknown. In addition, due to the retrospective study design, clinicopathologic findings were 

not established for all dogs. Missing data may also have affected the results. Concurrent 

disorders occurring within 6 months of HCC presentation may not necessarily have been 

related to HCC, although this period provided adequate time for examining diseases suspected 

at the time of HCC diagnosis. There is also a possibility of false-positive diagnosis of 

hyperadrenocorticism in dogs with HCC. To minimize this limitation, stricter diagnostic 

criteria were used for hyperadrenocorticism, including only HCC dogs presenting with 

common clinical signs of hyperadrenocorticism other than abdominal distension and 

hepatomegaly in combination with positive endocrine tests. Finally, this retrospective study 

cannot confirm the role of hyperadrenocorticism in the pathogenesis of HCC development. 

Therefore, a prospective study with a large-scale population should be conducted to define any 

associations between HCC and hyperadrenocorticism or other comorbidities. 

In conclusion, there was increased risk of HCC development with age, and Welsh 

Corgis and Beagles were predisposed to HCC. In addition, a significant association between 

HCC and hyperadrenocorticism was observed, suggesting that hyperadrenocorticism might be 

a predisposing factor for HCC development. 
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5. SUMMARY 

 

In this chapter, the prevalence and potential risk factors associated with HCC in dogs 

were investigated. This retrospective study revealed a higher prevalence of HCC, presenting 

0.96% than that observed in a previous study. The results confirmed the risk of the development 

of HCC in older dogs; however, there was no sex predisposition for HCC presented in this 

study. Clinicopathologic findings also found a significant presentation of thrombocytosis, high 

serum activities of ALT and ALP, and hypercalcemia in dogs with HCC. Additionally, the 

results suggested that Welsh Corgis and Beagles are breeds with a predisposition for HCC and 

that hyperadrenocorticism might be a potential risk factor. 
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GENERAL CONCLUSION 

 

 The goal of this study was to investigate the clinical utility of current diagnostic 

methods in distinguishing pathologic varieties of FLLs, and in order to gain new insight into 

the potential factors associated with HCC in dogs. The findings of the present study indicate 

that current diagnostic modalities, which are B-mode US and CT, could predict pathologic 

varieties of FLLs including benign and malignant lesions via FLL appearances. Furthermore, 

the results of this study suggest a novel information for epidemiological features, including 

clinical features and risk factors of HCC in dogs. 

In chapter 1, the clinical relevance of clinical and US data has been determined for the 

prediction of liver malignancy in dogs. Medical records and US images from dogs with FLL 

that underwent abdominal US and histopathologic examination following surgery or liver 

biopsy at HUVTH between 2013 and 2018 were retrospectively reviewed. The results of 

univariate analyses showed that several US features and PLT count were significantly 

associated with liver malignancy. Multivariate analysis revealed thrombocytosis, lesion size of 

4.1 cm or greater, and heterogeneous echotexture of FLLs were independent predictors for 

differentiating benign and malignant liver lesions, suggesting that a combination of clinical 

data and US findings of FLLs could predict liver malignancy in dogs. 

In chapter 2, the practical CT features and their clinical relevance for a broad 

classification of histopathologic diagnoses as benign or malignant have been identified and 

determined. Medical records of dogs with liver nodules or masses attending the HUVTH were 

prospectively reviewed from April 2016 to September 2018. The results of univariate analyses 

revealed that several quantitative and qualitative CT variables were significantly associated 

with liver malignancy. Multivariate analysis indicated that the 4.5 cm or greater of maximal 

transverse diameter of the lesion and heterogeneous appearance of the lesion in postcontrast 
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enhancement pattern of the delayed phase are independent variables for classifying liver lesions 

as benign or malignant with high accuracy. Thus, the results of this study suggested that 

features from triple-phase CT can provide information for the prediction of pathologic varieties 

of FLLs. 

 In chapter 3, the prevalence and potential risk factors associated with HCC in dogs have 

been investigated. Forty-four dogs with HCC presented to HUVTH from 2013 to 2017 were 

retrospectively reviewed. To examine the breed, age, sex predispositions or possible related 

factors for HCC including concurrent disorders, all dogs that came to the HUVTH during the 

study period were used as the reference population. Clinical characteristics of HCC were 

determined using propensity score matching analysis. As a result, the prevalence of HCC 

diagnosis was 0.96%. Multivariate analysis indicated an increased risk of HCC development 

with age in dogs and showed that Welsh Corgis and Beagles are breeds with a predisposition 

for HCC. Twenty-seven of 44 dogs with HCC had at least one concurrent disorder. The most 

common concurrent disorder was hyperadrenocorticism. Propensity score matching analysis 

revealed that thrombocytosis, increased ALT, increased ALP, and hypercalcemia were 

significantly associated with HCC. These results suggested that Welsh Corgis and Beagles are 

breeds with a predisposition for HCC and that hyperadrenocorticism might be a potential risk 

factor. 

 In order to confirm the clinical utility of the combination of both thrombocytosis and 

B-mode US features, and CT characteristics for liver malignancy detection, as well as the 

potential risk factor associated with HCC, further investigations should include a large-scale 

of dog population with multiple institution. Furthermore, to clarify the underlying pathogenesis 

between hyperadrenocorticism and HCC, additional research by collecting liver tissues is 

needed for in-depth evaluation in the future which may support the hypothesis of this study 

that VH may be a form of NASH in humans and possibly precede to the development of HCC. 
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 In conclusion, through this study the clinical utility of current diagnostic methods, 

including B-mode US and clinical data, and CT for distinguishing pathologic varieties of FLLs 

was investigated. In addition, the potential factors associated dogs with HCC were clarified for 

gaining new insight into clinical aspect of HCC. The use of current diagnostic methods which 

are a combination of clinical data and US findings of FLLs and CT characteristics of FLLs 

could predict liver malignancy in dogs. On the other hand, regarding the clinical aspect of HCC 

in dogs, this study showed Welsh Corgis and Beagles are breeds with a predisposition for HCC 

and that hyperadrenocorticism might be a potential risk factor. The results of this study could 

provide the useful information and fulfill the aspect of clinical diagnosis of FLLs in dogs for 

clinicians in clinical application in the future. 
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JAPANESE SUMMARY (要旨) 

 

The study on diagnosis and clinical aspects of focal liver lesion in dogs 

(犬の肝局所性病変の診断ならびに臨床的研究) 

 

小動物臨床において、犬の肝臓腫瘤に遭遇する機会は比較的多い。これらの

犬の多くが、肝臓腫瘤に関連する徴候を主訴に動物病院を受診する。犬の肝臓腫瘤

には良性病変と悪性病変が含まれるため、手術適応を判断するための暫定診断は臨

床的に重要である。しかし、ゴールドスタンダードとして用いられている肝生検は

侵襲的な検査であり、結果として生命を脅かす合併症を引き起こす可能性がある。

そのため、肝臓腫瘤の病理学的な特徴を予測するための非侵襲的診断法が依然とし

て必要とされている。 

一般的に、肝臓腫瘤を臨床徴候、血液検査および腹部 X 線検査によって診断

することは困難である。一方、近年広く用いられるようになった腹部超音波検査お

よびコンピュータ断層撮影検査では容易に検出可能であるため、肝臓腫瘤が偶発的

に発見される動物の数は増加している。したがって、腹部超音波検査およびコンピ

ュータ断層撮影検査の所見に基づいた肝臓腫瘤の特徴が明らかになれば、悪性病変

と良性病変を区別するための貴重な情報となるものと考えられる。 

Ｂモード超音波検査は、肝臓を探査するために臨床現場で一般的に使用され

ている診断方法である。しかしながら、肝臓腫瘤の良悪性鑑別においては診断的価

値のある情報を提供することは困難であると考えられてきた。一方、最近の研究で

は、B モード超音波検査所見と悪性腫瘍の関連が示唆されている。さらに、シグナ
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ルメント、臨床徴候および臨床病理学所見などの臨床データだけでは、肝臓腫瘤の

原因を特定するのに不十分である。しかしながら、肝臓腫瘤における臨床データと

超音波所見を組み合わせることで、良性病変と悪性病変を予測できる可能性があ

る。 

さらに、過去の研究では、コンピュータ断層撮影検査が犬の肝細胞癌、肝細

胞腺腫、結節性過形成および転移病変の鑑別に有用であることが明らかになった

が、これらは主観的な評価に依存しており、良性病変と悪性病変を鑑別する上で十

分に検討されているとは言い難い。したがって、悪性病変と良性病変を区別するた

めの実用的なコンピュータ断層撮影検査所見を確立することが必要である。 

加えて、犬において最も一般的な原発性肝臓腫瘍である肝細胞癌の疫学的特

徴に関する情報もほとんど明らかになっていない。 

したがって、上記の背景を考慮し、私は犬の限局性肝臓病変の診断および臨

床的特徴に関する研究を行った。第 1章では、2013年から 2018年の間に北大動物医

療センターを訪れた 83 例の犬において、肝臓の悪性腫瘍を予測する臨床所見および

超音波検査所見について検討した。その結果、血小板増加症、4.1cm 以上の病変サ

イズおよび肝臓腫瘤の不均一なエコー源性が、良性病変と悪性病変を区別するため

の独立した予測因子であり、肝臓腫瘤の臨床データと超音波検査所見を組み合わせ

ることで、肝臓の悪性病変を予測できることが示唆された。 

第 2章では、2016年から 2018年の間に北大動物医療センターで肝臓腫瘤を摘

出された 46 例の犬において、良性病変と悪性病変を鑑別するためのコンピュータ断

層撮影検査の特徴について検討した。その結果、最大横直径が 4.5cm 以上および平
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衡相における不均一な造影パターンが、良性病変と悪性病変を鑑別するための独立

変数であることが明らかになった。  

第 3章では、2013年から 2017年の間に北大動物医療センターで診断された 44

例の肝細胞癌症例から、犬の肝細胞癌の有病率および危険因子を調査した。その結

果、ウェルシュ・コーギーとビーグルは肝細胞癌の好発犬種であることが明らかに

なった。さらに、肝細胞癌と副腎皮質機能亢進症との間に有意な関連が認められ、

副腎皮質機能亢進症が肝細胞癌の危険因子となる可能性が示唆された。 

結論として、本研究ではＢモード超音波検査所見と臨床データの組み合わ

せ、およびコンピュータ断層撮影検査に関して肝臓腫瘤の良悪性鑑別における有用

性を検討した。その結果、臨床データ、超音波検査所見およびコンピューター断層

撮影検査を組み合わせることで、犬の肝臓悪性腫瘍を予測することができると考え

られた。加えて、肝細胞癌の疫学的特徴を調査し、ウェルシュ・コーギーとビーグ

ルが肝細胞癌の好発品種であり、副腎皮質機能亢進が肝細胞癌の危険因子である可

能性を示した。これらすべての結果は犬の肝臓腫瘤における臨床診断において有用

な情報となる。  
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