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CASE REPORT
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a well-differentiated hepatocellular carcinoma
Kosuke Hirose1, Takeo Toshima1, Taro Tobo2, Satohiro Kai3, Masakazu Hirakawa3, Satoshi Higuchi1, 
Takashi Ofuchi1, Kiyotaka Hosoda1, Yusuke Yonemura1, Yuichi Hisamatsu1, Takaaki Masuda1, 
Shinichi Aishima4 and Koshi Mimori1*   

Abstract 

Background Nodular regenerative hyperplasia (NRH) is a rare disease that presents pathologically as diffuse 
hepatic nodules without fibrous septa. It is believed to be caused by vasculopathy against a background of various 
systemic diseases, such as hematologic, autoimmune, and drug-induced diseases, with various symptoms. In spite 
of the recent imaging advances, various atypical cases of nodular lesions are observed in daily clinical practice. Cases 
that do not completely meet these criteria are referred to as -like or -similar lesions in clinical situations, making it dif-
ficult to understand their pathogenesis. We present a case in which two hepatic nodular lesions were noted and dif-
ficult to differentiate from malignancy preoperatively. The lesions were laparoscopically resected and a pathological 
diagnosis with non-neoplastic liver regenerative nodules resembling NRH was made.

Case presentation A 49-year-old man with no alcohol or drug intake and no past medical history was identified 
as having liver tumors on screening examination without any symptoms. Contrast-enhanced computed tomography 
(CT) showed two hepatic tumors; approximately 2 cm tumors at S7 and S8. Gadolinium-ethoxybenzyl-diethylenetri-
amine-pentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic resonance imaging (MRI) revealed fat inclusions in their 
contents. Ethoxybenzyl (EOB) uptake was also observed during the hepatobiliary phase. Based on preoperative 
examinations, we suspected well-differentiated hepatocellular carcinoma (HCC) and performed laparoscopic S7/8 
partial resection for these lesions. Macroscopically, the resected specimens showed a non-cirrhotic yellowish-cut 
surface containing brownish, ill-defined lesions with irregular borders. Microscopically, these lesions showed zonal 
necrosis, congestion, and aggregation of hemosiderin-laden macrophages around the central vein. In these areas, 
the fatty deposition of hepatocytes was lower than that in the surrounding background hepatocytes. Histopatho-
logically, neither neoplastic nor hyperplastic lesions were observed, and he was diagnosed as regenerative hepatic 
change with centrilobular necrosis.

Conclusions Considering the pathological results, these lesions were thought to be a type of NRH-like lesion 
with possible hepatic vessel disorder. However, the lesion’s cause and classification was difficult to determine. The 
accumulation of these regenerative changes accompanying fatty liver is needed to clarify the mechanism and its 
clinical significance.
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Background
Hepatic nodular regenerative hyperplasia (NRH) is a rare 
pathological disorder in which normal liver parenchymal 
cells are diffusely replaced with nodules without fibrous 
septa. It is often considered asymptomatic unless com-
plicated by portal hypertension and subsequent varices, 
ascites, or splenomegaly [1–6], and NRH was found in 
only 2.6% in a large autopsy analysis of 2500 cases [7]. On 
the other hand, NRH could be more common in chem-
otherapy-related liver injury, as NRH was identified in 
87 of 406 (18.2%) patients with colorectal liver metasta-
ses resected after chemotherapy [8]. Grossly, the liver is 
replaced by diffuse nodules of 1–3 mm in size, and there 
is generally no fibrosis between the nodules unlike in cir-
rhosis. Pathologically, the hepatocytes become small and 
atrophic between the nodules; by contrast, the sinusoids 
become dilated. The final diagnosis is made pathologi-
cally, considering the history of the disease. On liver nee-
dle biopsy, these regenerative and atrophic changes are 
often difficult to detect just with conventional hematoxy-
lin and eosin staining, and special stains, such as reticulin 
staining, should be considered [9].

Hepatocellular atrophic areas between nodules are 
likely to be associated with obstructive changes in the 
portal vein and are thought to be the result of multi-
ple nodule formation as a compensatory response to 
decreased and altered blood flow [10].

The prevalence of asymptomatic focal liver lesions 
(FLLs) detected using imaging modalities, such as com-
puted tomography (CT) and magnetic resonance imag-
ing (MRI), has increased owing to the wider use of such 
modalities in clinical practice [11]. Focal liver lesions 
were defined as solid or cystic masses identified as abnor-
mal areas in the liver. The diagnostic approach and man-
agement of these lesions have been summarized in the 
guidelines of the Practice Parameters Committee and the 
Board of the Trustees of the American College of Gastro-
enterology [12]. Examining lesions that may be malignant 
is primarily based on three-phase contrast CT and con-
trast MRI. Almost all hepatocellular carcinoma (HCC) 
cases > 2 cm are currently diagnosed solely using imaging 
examinations [13].

Liver diseases showing nodular lesions on imaging 
include focal nodular hyperplasia, partial nodular trans-
formation, and idiopathic portal hypertension, other than 
NRH. The diagnosis and classification of these hepatic 
nodular lesions are generally based on a combination 
of the presence of neoplastic lesions, number, size, and 

location of nodules, background liver disease complica-
tions, imaging, and pathology [14]. Among these nodu-
lar lesions, various atypical cases are observed in daily 
clinical practice. These lesions sometimes include cases 
that do not completely meet the diagnostic criteria and 
are referred to as -like lesions. They are difficult to under-
stand in terms of pathogenesis.

In this report, we describe a case of pathologically 
regenerative and non-neoplastic changes in the liver with 
no significant history other than mild fatty liver, which 
was diagnosed after laparoscopic partial hepatectomy. 
Two nodular lesions closely resembling well-differenti-
ated HCC were observed on preoperative imaging.

Case presentation
A 49-year-old man with no specific medical or familial 
history was diagnosed with two liver tumors on regular 
abdominal sonography. He had no alcohol, medication, 
or health supplement intake, or a history of hepatic 
virus infection. Physical examination showed no jaun-
dice, edema, gynecomastia, or palmar erythema, and his 
body mass index was 22.7. Blood examination showed 
no specific findings, including normal alpha-fetoprotein 
and protein induced by vitamin K absence-II levels and 
no preoperative physiologic disorder. Abdominal sonog-
raphy revealed two hepatic tumors at S8: 2.1 cm and S7: 
2.2 cm. They also showed clear hypoechoic lesions with 
mildly fatty liver (Fig.  1A). Both of them showed iso- 
to high-density areas in plain CT (Fig.  1B). Contrast-
enhanced CT revealed delayed contrast (Fig. 1C, arterial 
phase; Fig. 1D, portal venous phase of the lesions). MRI 
images revealed that the tumors showed high-intensity 
at their borders and low-intensity at their contents on 
T1-weighted images (Fig. 2A). The tumors showed low-
intensity on T2-weighted images (Fig.  2B). The images 
also revealed that the central areas of the both tumors 
showed high-intensity in T1 in-phase (Fig. 2C) and low-
intensity in T1 opposed-phase of MRI (Fig.  2D), which 
meant that the tumors included fat components. The 
images also showed Ethoxybenzyl (EOB) uptake of the 
lesions in the hepatobiliary phase with Gadolinium-
ethoxybenzyl-diethylenetriamine-pentaacetic acid (Gd-
EOB-DTPA)-enhanced MRI (Fig.  2E). Based on these 
findings, we suspected well-differentiated HCC based 
on fatty liver, or benign liver nodules like NRH or focal 
nodular hyperplasia (FNH)-like lesions as differential 
diagnosis.
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Laparoscopic S7/8 partial resection was performed for 
both treatment and diagnosis with his consent. During 
surgery, the liver appeared fatty, and there was no tumor 
exposure at the surface level. Sonography revealed hypo-
echoic and round tumors with regular borders at S7 and 

S8. Each tumor included the hepatic vein and Glisson’s 
capsules. The total bleeding volume was 120 mL with an 
operative time of 205  min. The patient was discharged 
10  days after the operation without any complications. 
Macroscopically, the resected specimens showed signs 
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Fig. 1 Ultra-sonographic (A), plain (B) and contrast computed tomography (CT) (C arterial phase; D portal venous phase) of the lesions. The upper 
images refer to the S8 lesion, and the images below refer to the S7 lesion. The yellow arrowheads indicate the lesions, and the white one indicates 
portal branch for S7
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Fig. 2 Various findings of magnetic resonance imaging (MRI) of the lesions: S8 (upper) and S7 (below) lesions by T1- and T2-weighted images 
(T1WI: A and T2WI: B), T1-weighted in- (C) and opposed-phase (D), and ethoxybenzyl-contrast images in hepatobiliary phase (E) are shown. The 
yellow arrowheads indicate the each lesion
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of a mild fatty liver with a yellowish background with ill-
defined brownish lesions and irregular borders (Figs. 3A: 
S8 and B: S7). Microscopically, approximately 30% of the 
background hepatocytes showed macrovesicular stea-
tosis with hematoxylin and eosin (HE) staining (Fig. 3C-
1, loupe view; Fig.  3C-2, magnified by ×100; Fig.  3C-3, 
magnified by × 200). Pathologically, the indefinite nodu-
lar lesion (2  cm in size) showed zonal hepatocyte loss 
associated with congestion and hemosiderin-laden mac-
rophages around the central vein (Fig.  3C-2 and C-3). 
One of ill-defined lesion is pointed by some yellow arrow-
heads in Fig. 3C-2, which include degenerated hepatocyte 
around central vein, congestion and hepatocellular area 
with poor fat deposition. No fibrosis or septum formation 
was observed around the nodules. Macrophage accumu-
lation in the centrilobular area was highlighted by CD68 
staining (Fig. 3D). No hepatocyte atrophy or macrophage 

accumulation was observed in other background livers. 
Non-specific lymphocytic infiltrates were observed in 
the portal area (Fig. 3E). Atrophic hepatocytes and dense 
reticular fibers around the central veins were clearly dis-
tinguishable by silver staining (Fig.  3F). There were no 
tumor lesions, including hyperplasia, adenoma, or malig-
nancies, and no obvious microvascular changes, such as 
thrombus formation. On the basis of those pathological 
findings, we diagnosed regenerative hepatic change with 
centrilobular necrosis.

Discussion
We report a case of benign regenerative nodular lesion 
of the liver that closely resembled well-differentiated 
HCC on imaging and was difficult to diagnose preopera-
tively. Furthermore, the pathological investigation of the 
resected specimen revealed hepatocyte desquamation 
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Fig. 3 Macroscopic and microscopic findings of the resected specimen: macroscopic images of the resected specimens of S8 (A) and S7 (B). 
Microscopic images of the resected lesion with hematoxylin and eosin (HE) staining are shown in C (C-1, loupe view; C-2, magnified by ×100; C-3, 
magnified by ×200). The ill-defined lesion is pointed by some yellow arrowheads (C-2). Central venous area of the lesion is magnified by ×400 
(C-3). The yellow arrowhead indicates the central vein, and loss of hepatocyte and congestion is observed (C-3). Accumulated macrophages 
around the central vein are revealed by CD68 stain (D). Non-specific mild lymphocytic infiltrate is observed at the periportal region with HE staining 
(E). The red arrowhead indicates the portal vein. The yellow arrowheads indicate the dense reticular fibers with atrophic hepatocytes surrounding 
the central veins by silver staining at the lesion (F)
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and macrophage accumulation around the central vein, 
consistent with the nodal area, with lipid deposition in 
the background liver. None of fibrous septum around the 
nodules, obvious vessel obstruction, and tumorous com-
ponents was observed. There was no history of under-
lying diseases, drug use, or special preferences, and the 
patient was considered to have NRH-like lesions with a 
history of fatty liver disease.

First, this case involved a nodular lesion whose malig-
nancy could not be ruled out on preoperative imaging, 
leading to a diagnosis of regenerative nodular lesion 
after laparoscopic resection. Owing to the unique nature 
of blood flow control in the liver, various benign nodu-
lar lesions occur because of abnormal blood flow, and 
various atypical cases are occasionally observed and 
reported in clinical practice [5, 6]. The differentiation 
between malignant and benign tumors, including HCC, 
is clinically important, and the gold standard diagnostic 
modality is contrast-CT and enhanced-MRI. With the 
development in imaging technologies, the majority of 
HCC larger than 2 cm can be differentiated using imag-
ing alone [4]. In the present case, both liver lesions had 
a maximum diameter of approximately 2  cm. However, 
the possibility of highly differentiated HCC could not 
be ruled out on preoperative imaging, and resection was 
performed partly for the purpose of accurate diagnosis. 
As shown by Luo L et al. [15], preoperative diagnosis of 
benign liver tumors, including NRH, that lack clinical 
symptoms relies heavily on imaging studies, and diagno-
sis of HCC leading to resection sometimes occurs. They 
reported that the preoperative accuracy of CT for the 
group including NRH was 0% (0/11 cases), and that of 
MRI was 12.5% (1/8 cases). They also reported that the 
rare benign liver tumors were most likely to be misdiag-
nosed as HCC (CT: 16/25 cases, MRI: 16/24 cases), and 
most of the cases with the unclear diagnosis were difficult 
to distinguish from HCC (CT: 12/27 cases, MRI: 10/19 
cases), especially from well-differentiated HCC, as in this 
case.

Secondly, this case is unique because of the character-
istic pathology of the resected specimen. A background 
liver with hepatocytes and approximately 30% fatty 
deposits was observed, and the lesion showed hepato-
cyte desquamation, stasis, and phagocytic macrophage 
accumulation around the central vein specifically, while 
a non-specific lymphocytic infiltrate was observed in the 
portal vein area. There were no neoplastic lesions, such 
as hyperplasia or carcinoma, fibrosis of the septal wall, 
or multiple small lesions. The distribution of lesions sug-
gested necrosis due to stasis of hepatocytes around the 
central vein from obstruction of the outflow tract of the 
hepatic vein tract. However, no stasis symptoms or labo-
ratory findings, such as heart failure or fluid retention, 

were observed, and microvascular thrombi in the hepatic 
veins were not identified on pathological and preopera-
tive CT/MRI images. The micro-congestive findings like 
this without systemic congestion might suggest a kind 
of atypical NRH-like lesion. The possibility of drug-
induced liver injury remained; however, no history of 
specific medications, including dietary supplements and 
imported foods, was confirmed. Furthermore, Croquelois 
A et al. showed that inducible inactivation of Notch1 in 
mice could promote hepatocyte proliferation and lead to 
the development of NRH without vascular lesions [16], 
and it suggest that NRH could occur with proliferative 
signal without microvascular disorder. Therefore, we 
suspected that the hepatic regenerative changes meant 
NRH-like lesion.

The patient differs from a typical NRH such that (1) 
there are only two obvious lesions and no multiple lesions 
around the liver, (2) there is no pathological evidence of 
hyperplasia, and (3) there is no background suggesting 
typical systematic diseases that could be related to NRH, 
such as rheumatoid arthritis or drug-related factors 
[8, 17, 18]. Furthermore, atypical cases of noncirrhotic 
benign nodular lesions are included in LRN by Interna-
tional Working Party [19], and then, atypical NRH-like 
lesion such as the present case could be called LRN in 
a broader sense. In this case, preoperative biopsy might 
have been effective, but was not an option because of the 
risk of spreading the lesion and possibility that biopsy 
might not be negative in a well-differentiated HCC due to 
the lower tumor volume. In this regard, laparoscopic par-
tial resection, which could reduce the bleeding, compli-
cations, and abdominal wall destruction [20] with safety 
[21], is useful. Although there was an option to continue 
imaging follow-up, the patient was willing to proceed 
with the diagnosis. After discussing the treatment plan, 
we decided to opt for surgery.

In conclusion, we present an unusual case of regenera-
tive hepatic nodular lesion that was not easily diagnosed 
preoperatively. Reports on non-neoplastic nodular local-
ized hepatic lesions are scarce, and further accumulation 
of these cases is necessary to understand their pathogen-
esis and improve preoperative diagnostic capabilities.
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