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Abstract: A 67-year-old male with type 2 diabetes (T2DM) was diagnosed with postoperative
intrahepatic recurrence for hepatocellular carcinoma (HCC). Nine sessions of transarterial chemoem-
bolization (TACE) proved ineffective, and the patient was diagnosed as having TACE-refractory
disease and received seven cycles of atezolizumab–bevacizumab combination therapy. After that,
the patient developed hyperglycemia with the HbA1c elevation and the marked fasting serum
C-peptide reduction and was diagnosed with developed immune-mediated diabetes (IMD) (T2DM
exacerbation with insulin-dependent diabetes development). Subsequently, the hepatobiliary en-
zyme levels, which were high before the systemic therapy, worsened. Thus, we clinically diagnosed
an exacerbation of liver injury due to TACE-induced liver injury complicated by drug-induced
liver injury such as immune-mediated hepatotoxicity (IMH). Meanwhile, after contrast-enhanced
computed tomography revealed complete response, contrast-enhanced ultrasound was performed to
assess intrahepatic recurrence. We found that the latter modality allowed earlier and more definitive
diagnosis of intrahepatic recurrence of HCC. Subsequently, despite systemic therapy discontinuation
and steroids administration, the liver injury worsened, and the patient died. The autopsy revealed
intrahepatic recurrence of HCC and extensive arterial obstruction by the beads used for TACE within
the liver, which indicated that disturbed circulation was the primary cause of the liver injury and
histopathologically confirmed IMD, but not IMH.

Keywords: hepatocellular carcinoma; atezolizumab; bevacizumab; liver injury; contrast-enhanced ul-
trasound

1. Introduction

According to world statistics in 2020, liver cancer is the third leading cause of death
from cancer and is the 6th most commonly diagnosed cancer in the world. According
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to the same statistics, hepatocellular carcinoma (HCC) accounts for 90% of all cases of
liver cancer [1,2]. Treatment for HCC is often selected according to the disease stage
assessed by the Barcelona Clinic Liver Cancer (BCLC) HCC staging system. Presence
of multiple intrahepatic nodules in a Child–Pugh class A or B patient with an Eastern
Cooperative Oncology Group performance status (ECOG-PS) of 0 is classified as BCLC
stage B disease, if distant metastasis and portal vein involvement are absent. For such
cases, transarterial chemoembolization (TACE) is the recommended treatment according to
existing guidelines [3–6]. For TACE-refractory BCLC stage B HCC patients, on the other
hand, systemic therapy is recommended [4–6].

In regard to systemic therapy for HCC, treatment with tyrosine kinase inhibitors,
such as sorafenib and lenvatinib, which target the tumor vascular endothelial growth
factor (VEGF), have been demonstrated to be effective. On the other hand, monotherapy
with nivolumab or pembrolizumab, which are immune-checkpoint inhibitors (ICIs) that
inhibit the programmed cell death 1/programmed death ligand 1 (PD-1/PD-L1) system,
has failed to show efficacy as first-line systemic therapy [7–11]. PD-L1/PD-1 inhibitors
exert their antitumor activity primarily through T cell priming and activation by tumor
antigen presentation and destruction of tumor cells by cytotoxic T cells within the tumor
microenvironment [12,13]. Furthermore, anti-VEGF drugs are known to reinforce the anti-
tumor activity of ICIs through T cell priming and activation by stimulation of dendrocyte
maturation, promotion of cytotoxic T-lymphocyte invasion of the tumor following tumor
vessel normalization, and stimulation of reprogramming into immune-permissive tumor
microenvironment by suppressed proliferation of myeloid-derived suppressor cells and reg-
ulatory T cells [13–17]. It was expected that use of atezolizumab (an anti-PD-L1 antibody)
in combination with bevacizumab (an anti-VEGF antibody) might provide synergistic anti-
tumor effect, and this was confirmed in the GO30140 study (a phase Ib trial) and IMbrave
150 study (a phase III trial) [18,19]. In the IMbrave 150 study, atezolizumab–bevacizumab
combination therapy significantly extended the survival of patients with unresectable HCC
as compared to sorafenib therapy and was, therefore, positioned as first-line standard
systemic therapy for unresectable HCC [20].

In regard to immune-related adverse events (irAE), which are adverse events specific
to ICIs, multiple guidelines recommend treatments tailored to the irAE type and the severity
grades of the AEs rated according to the Criteria Terminology for Adverse Events (CTCAE).
However, because of the low incidence of irAEs, the clinicopathological characteristics
have yet to be fully clarified, and no prospective large clinical studies of the proposed
therapeutic strategies have been carried out yet [21–23].

We recently administered atezolizumab–bevacizumab combination therapy to a pa-
tient with TACE-refractory HCC, who then showed exacerbation of the liver injury due to
multiple factors and developed immune-mediated diabetes (IMD). We performed contrast-
enhanced ultrasound (CEUS) using perfluorobutane microbubbles (Sonazoid®, Daiichi
Sankyo, Tokyo, Japan) in addition to contrast-enhanced CT (CECT) for the detection
of intrahepatic recurrence. Furthermore, we carried out an autopsy of the patient and
histopathological evaluation of irAE and HCC recurrence. To the best of our knowledge,
this is the first case report of autopsy performed on a patient with HCC treated with
atezolizumab–bevacizumab combination therapy.

2. Case Presentation
2.1. Clinical Course

The patient was a 67-year-old Japanese male. At the age of 64, the patient had under-
gone pancreatoduodenectomy and choledochojejunostomy to treat extrahepatic bile duct
cancer. At that time, the extrahepatic bile duct cancer was rated as pT4N1M0, pStage IVA,
according to the Union for International Cancer Control (UICC) 7th edition. The patient
also had underlying type 2 diabetes mellitus disease, for which he had been prescribed
therapeutic diet modification and habitual exercise. Tests for hepatitis B virus and hepatitis
C virus markers were negative. There was no family history of endocrine disease (in-
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cluding diabetes mellitus), autoimmune disease, liver disease, or malignancy. The patient
was a habitual alcohol drinker, but daily alcohol consumption amount was less than 30 g.
During management at a preceding medical facility, he had undergone S4/8 subsegmental
hepatectomy to treat HCC, with resection of a single confluent multinodular type of tumor
(measuring 55 mm in maximum diameter) that was histopathologically rated as pT2N0M0,
pStage II, according to the UICC 7th edition. Six months after the operation, the patient
was detected to have developed intrahepatic recurrence and was treated by 6 sessions of
drug-eluting bead TACE (DEB-TACE) at the same previous facility. No systemic therapy
(including adjuvant chemotherapy) was administered. Forty-one months after the sub-
segmental hepatectomy, the patient visited our hospital, wishing to continue treatment
for recurrent HCC. The first CECT performed at our hospital revealed that the recurrent
tumor was confined to the liver (three lesions, 37 mm in maximum diameter), without any
evidence of major vessel involvement or distant metastasis, which was within up-to-seven
criteria [5]. Therefore, the patient received DEB-TACE with cisplatin, conventional TACE
(cTACE) with miriplatin, and cTACE treatment with epirubicin (one session of each), but
all proved ineffective. Since no disease control of the recurrent HCC was achieved even
after nine sessions of TACE, we judged that the patient had TACE-refractory HCC [24].

We selected systemic therapy as the following line of treatment and registered the
patient into the GO30140 study [18]. At the time of registration, the patient was classified as
Child–Pugh class A and modified albumin–bilirubin (ALBI) Grade 1, his ECOG-PS was 0,
and blood tests revealed elevation of the serum aspartate aminotransferase (AST) (50U/L),
alanine aminotransferase (ALT) (59U/L), and alkaline phosphatase (ALP) (518U/L) levels.
We considered TACE as the major cause of the liver injury detected in the patient. However,
as the body mass index was high (30.2) and the patient had underlying type 2 diabetes
mellitus, we considered that he might also suffer from nonalcoholic fatty liver disease
(NAFLD) [25]. The serum alpha-fetoprotein (AFP) and protein induced by vitamin K
absence-II (PIVKA-II) levels were both within normal range, while the serum HbA1c value
was slightly elevated (6.9%). Table 1 shows the blood test data at the start of treatment
within the framework of the study that the patient was enrolled in. CECT performed
at the start of treatment revealed intrahepatic recurrence in S1, S2, and S8, without any
major vessel involvement, lymph node metastasis, or distant metastasis. Fifty-five months
after the earlier subsegmentectomy, the patient was started on atezolizumab–bevacizumab
combination therapy (atezolizumab 1200 mg/body, bevacizumab 15 mg/kg, once every
3 weeks). The patient developed no adverse events including fever in the first 4 weeks
following treatment. A CECT repeated at 15 weeks after the start of the therapy revealed
no lesion in S1 or S2, a decrease in the diameter of the lesion in S8, and there were
no hypervascular enhanced lesions within the liver in the arterial phase. We judged
that the patient achieved partial response according to Response Evaluation Criteria in
Solid Tumors version 1.1 (RECIST v1.1) and complete response according to the modified
Response Evaluation Criteria in Solid Tumors (mRECIST). Figure 1 graphically represents
the changes over time in the imaging findings of the lesions in S8 and S1 (Figure 1a–c:
CECT before the start of treatment, Figure 1d,e: CT at 25 weeks after the start of treatment,
Figure 1f: CT scan at 28 weeks).

Figure 2 illustrates the time course of the hepatobiliary enzyme levels and clinical
course of the patient after the start of atezolizumab–bevacizumab combination therapy.
We continued the atezolizumab–bevacizumab combination therapy, and seven cycles had
been administered by 18 weeks after the start of the therapy. At 21 weeks after the start
of the therapy, the patient complained of poor appetite and malaise. The blood test re-
vealed hyperglycemia (569 mg/dL), elevation of the serum level of beta-hydroxybutyric
acid (658 µmol/L), and slight elevation of the plasma osmotic pressure (295 mOSm/kg),
accompanied by further elevation of the serum HbA1c level to 8.9%. Furthermore, the
fasting serum C-peptide (1.11 ng/mL) was higher than the lower limit of the normal range,
and the serum test for glutamate decarboxylase antibodies was negative. Acidemia was
absent in a venous blood sample and urinalysis revealed a negative result for urinary
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ketones (qualitatively). Thus, the patient’s condition, not satisfying the criteria for the
diagnosis of diabetic ketoacidosis, was judged as reflecting exacerbation of type 2 diabetes
mellitus [26]. The possibility of hypothyroidism was ruled out on the basis of the blood
test data for free thyroxine (T4) and thyroid-stimulating hormone, and the possibility of
hypopituitarism was ruled out on the basis of the blood test data for adrenocorticotropic
hormone, luteinizing hormone, follicle-stimulating hormone, and cortisol. However, a re-
peat blood test on the following day revealed a marked reduction in the fasting serum
C-peptide level (0.4 ng/mL). Considering this finding with the elevated serum level of
beta-hydroxybutyric acid, we considered the possibility that the patient had developed
insulin-dependent diabetes, possibly corresponding to IMD caused by atezolizumab. At
that time, we discontinued the atezolizumab–bevacizumab combination therapy and ini-
tiated treatment with rapidly acting insulin analogs and a long-acting insulin analog. In
addition, treatment with empagliflozin was started on day 10 after the start of insulin
therapy, and the HbA1c level improved to 8.2%.
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Figure 1. Changes over time in the hepatocellular carcinoma (HCC) lesions in S8 and S1. (a) A non-enhanced abdominal
CT performed before the start of treatment revealed a low-density area in the S1 (arrow) and S8 (arrowhead) of the liver.
(b,c) On contrast-enhanced CT performed prior to the start of treatment, both the lesions in S1 (arrow) and S8 (arrowhead)
are visualized as hypervascular enhanced lesions in the arterial phase and washout in the equilibrium phase, which led to
the diagnosis of viable HCC lesions. Similar findings were also noted in S2, and these lesions were also judged as being
viable HCC lesions (data not shown). (d) A non-enhanced abdominal CT obtained at 25 weeks after the start of treatment
revealed a low-density area in S8 (arrowhead). (e) On contrast-enhanced CT obtained at 25 weeks after the start of treatment,
in the arterial phase, no hypervascular enhanced mass was visualized in either S8 (arrowhead) or S1 (data not shown). (f) In
the arterial phase of contrast-enhanced CT performed at 28 weeks after the start of treatment, a part of the lesion in S8
(arrowhead) is visible as a faintly increased attenuation (curved arrow). The arrow indicates the inferior vena cava.
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Figure 2. Clinical course and changes over time of the hepatobiliary enzyme data after the start of atezolizumab–
bevacizumab combination therapy. At 21 weeks after the start of atezolizumab–bevacizumab combination therapy, the
patient developed hyperglycemia, accompanied by further elevation of the HbA1c level as compared to the pretreatment
level. The fasting serum C-peptide level decreased within a short period of time, followed by exacerbation of liver injury.
CEUS with perfluorobutane microbubbles performed at 26 weeks after the start of treatment revealed hypervascularity
area in S8 during the arterial phase, as well as a defective area during the post-vascular phase, suggestive of intrahepatic
recurrence of hepatocellular carcinoma. CECT at 28 weeks revealed a liver abscess. AST, aspartate aminotransferase; ALP,
alkaline phosphatase; ALT, alanine aminotransferase; CECT, contrast-enhanced CT; CEUS, contrast-enhanced ultrasound;
IMD, immune-mediated diabetes; mPSL, methylprednisolone; PSL, prednisolone; UDCA, ursodeoxycholic acid.

Table 1. Laboratory test results at the start of the atezolizumab–bevacizumab combination therapy.

Values Normal Range

Peripheral blood
White blood cell count (/µL) 4910 3300–9400

Red blood cell count (104/µL) 532 414–534
Hemoglobin (g/dL) 15.1 13.8–17.2

Platelet count (104/µL) 11.0 18.0–39.0
Prothrombin time (INR) 1.02 0.90–1.10

Blood chemistry
Sodium (mmol/L) 140 138–144

Potassium (mmol/L) 4.4 3.7–5.0
Chloride (mmol/L) 105 100–108
Calcium (mg/dL) 9.2 8.8–10.1

Total protein (g/dL) 6.7 6.9–8.3
Albumin (g/dL) 4.1 4.2–5.4
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Table 1. Cont.

Values Normal Range
Total bilirubin (mg/dL) 0.6 0.4–1.8

Aspartate aminotransferase (U/L) 50 14–32
Alanine aminotransferase (U/L) 59 11–45

Alkaline phosphatase (U/L) 518 109–312
Gamma-glutamyl transpeptidase (U/L) 351 10–58

Lactate dehydrogenase (U/L) 243 116–199
Amylase (U/L) 242 43–130

Total cholesterol (mg/dL) 156 <219
Triglyceride (mg/dL) 124 <149

Blood urea nitrogen (mg/dL) 13 8–20
Creatinine (mg/dL) 0.84 0.68–1.04

Glucose (mg/dL) 114 <110
HbA1c (%) 6.9 4.6–6.2

Immunological tests
C-reactive protein (mg/dL) 0.401 <0.20

Hepatitis B surface antigen/antibody both negative
Hepatitis B core antigen/antibody both negative

Hepatitis C virus antibody negative
Tumor markers

Alpha-fetoprotein (ng/mL) 6 <10
Protein induced by vitamin K absence or

antagonists-II (mAU/mL) 27 <40

Carcinoembryonic antigen (ng/mL) 3.4 <5.0

Twenty-one weeks after the atezolizumab–bevacizumab combination therapy was
started, the blood test revealed CTCAE v5.0 Grade 1 elevation of AST, ALT, and bilirubin,
as well as Grade 2 elevation of ALP. No evidence of dyslipidemia was noted, and the IgG
levels did not increase. Tests for both antinuclear antibody and antimitochondrial antibody
were negative. CECT revealed no stenosis, dilatation, or wall thickening of the bile duct.
On the basis of these findings, the patient was clinically diagnosed with exacerbation of
liver injury due to TACE-induced liver injury complicated by drug-induced liver injury
such as immune-mediated hepatotoxicity, and the atezolizumab–bevacizumab combina-
tion therapy was discontinued because these two drugs were suspected as the culprits
responsible for the drug-induced liver injury complicating the TACE-induced liver injury.
After discontinuation of these drugs, the ALP rose even further, and the patient was started
on treatment with methylprednisolone for treatment to immune-mediated hepatotoxicity.
Thereafter, the methylprednisolone dose level was reduced steadily, while confirming the
improvement of the laboratory data. The patient was continued on maintenance steroid
therapy (15 mg prednisolone/day) from the 12th day of treatment. In the blood test per-
formed at 25 weeks after the start of treatment, Grade 3 elevation of AST, ALT, and ALP
and Grade 1 elevation of bilirubin were noted. At that time, the patient was started on
ursodeoxycholic acid; however, this failed to have any marked beneficial effect. The oral
prednisolone dose was increased to 40 mg/day, which resulted in alleviation of the liver
injury, allowing us to steadily reduce the prednisolone dose. On the basis of the findings
of CEUS at 26 weeks after the start of treatment, we diagnosed intrahepatic recurrence of
HCC. However, we postponed resumption of the atezolizumab–bevacizumab combination
therapy in view of the possibility that this therapy was responsible for the exacerbation of
liver injury in the patient. Twenty-eight weeks after the start of treatment, the blood test
revealed elevation of the ALP and bilirubin. At that time, we repeated a CT to explore the
cause of these changes in the hepatobiliary enzyme levels and found an abscess in S8 of the
liver. Percutaneous drainage of the liver abscess was performed, along with initiation of
antibiotic treatment, while the prednisolone treatment was continued. The liver abscess
diminished in size temporarily, but liver injury worsened again. CT performed at 32 weeks
after the start of treatment revealed numerous new abscesses in the liver. The patient’s
general condition was poor, and we judged that the patient was not a suitable candidate



Diagnostics 2021, 11, 1394 7 of 14

for any invasive procedure. Therefore, the patient was only given antibiotic therapy. The
patient eventually died 33 weeks after the start of treatment.

2.2. Findings of Diagnostic Imaging upon Intrahepatic Recurrence of HCC

In the non-enhanced abdominal CT performed at 25 weeks after the start of atezolizumab–
bevacizumab combination therapy, the HCC lesion in S8, which had been found at the start of
the therapy, was visualized as a low-density lesion and did not show any hyperenhancement
in the arterial phase of CECT. Laboratory examination at that time revealed elevation of the
serum level of PIVKA-II, and we performed CEUS at 26 weeks (Figure 3). B-mode imaging
showed a tumorous lesion measuring 20 mm in diameter in S8, and we judged that this
lesion was identical to the S8 lesion detected on the CT performed at the start of treatment.
When perfluorobutane microbubbles were used for contrast enhancement, this lesion was
visualized as a hypervascular enhanced mass in the arterial phase, as a perfusion defect in
the post-vascular phase, and again as a hypervascular enhanced mass following reinjection of
perfluorobutane microbubbles, on the basis of which we diagnosed intrahepatic recurrence
of HCC [27]. Later, in the arterial phase of the CECT performed at 28 weeks after the start of
treatment, this lesion assumed the form of a slightly enhanced mass, so that we diagnosed
intrahepatic recurrence of HCC.
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Figure 3. Ultrasound findings of the HCC lesion in S8 at 26 weeks after the start of treatment.
(a) B-mode image showing a 20 mm HCC lesion in S8. (b,c) On contrast-enhanced ultrasound
with perfluorobutane microbubbles, a hypervascular enhanced mass is visible in S8 during the
arterial phase obtained 21 s after injection, and a defective area is noted during the post-vascular
phase obtained 10 min after injection. (d) Twenty-four s after re-injection during the post-vascular
phase after the initial injection of perfluorobutane microbubbles resulted in a greater hypervascular
enhancement of the lesion in S8 as compared to the surrounding area, confirming that the lesion was
a hypervascular tumor. Arrowheads indicated the margin of the lesion.
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2.3. Autopsy Findings

When the patient died, autopsy was performed with consent from the family. Histopatho-
logically, the liver showed the features of interlobular cholangitis and related abscess for-
mation, but there were no evidence of immune-mediated hepatotoxicity and no plasma cell
infiltration or interface hepatitis as histopathological signs of autoimmune hepatitis. Mean-
while, extensive arterial obstruction by the beads used for DEB-TACE was noted, surrounded
by massive/submassive necrosis. Green-colored nodular lesions (25 mm and 20 mm, re-
spectively) were noted in S1 and S8 of the liver. Both lesions showed signs of coagulative
necrosis in most parts, but their periphery contained atypical cells with swollen nuclei (with
evident nucleoli) and silver staining revealed fine- to medium-sized trabecular structures.
Immunohistochemically, the atypical cells showed positive staining for glutamine synthetase,
negative staining for glypican 3, and positive staining for CD34 along the sinusoidal capillaries.
On the basis of these findings, the nodular lesions in S1 and S8 were diagnosed as moderately
differentiated HCC (Figure 4).
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Figure 4. Histological findings of the liver at autopsy (hematoxylin and eosin staining). (a) Arterial obstruction by DEB-
TACE beads were visible in the portal area (arrowheads). (b) Extensive necrosis was seen around the central vein (arrows).
(c) Obvious cancer cells with deformed nuclei (arrowheads) including hypercellularity and increased nuclear–cytoplasmic
ratio were observed as the features of moderately differentiated hepatocellular carcinoma; DEB-TACE, drug-eluting bead
transarterial chemoembolization.

Histopathological examination of the pancreas revealed atrophy of the pancreas, fi-
brous hyperplasia between the acini or around the duct, and mild lymphocytic infiltration,
and based on the findings, we made the diagnosis of chronic pancreatitis. Immunohis-
tochemically, positive staining for anti-synaptophysin antibodies showed islets, but not
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anti-insulin antibodies, which led us to conclude that the beta cells had disappeared. Mean-
while, the islets showed positive staining for anti-glucagon antibodies, and we concluded
that the alpha cells remained (Figure 5).
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Figure 5. Histological findings of the pancreas at autopsy. (a) Hematoxylin and eosin staining showed
intense fibrosis (arrowheads) and mild inflammatory cell infiltration among the acini, accompanied
by marked acinar atrophy. (b) Islets were identified by positive immunohistochemical staining with
anti-synaptophysin antibodies (arrowheads). (c) None of the islet cells showed positive immuno-
histochemical staining with anti-insulin antibodies, indicative of the loss of beta cells (arrowheads).
(d) Islets showing positive immunohistochemical staining with anti-glucagon antibodies were noted
sporadically, suggesting the presence of residual alpha cells (arrowheads).

3. Discussion

In the present patient with TACE-refractory HCC, we started treatment with atezolizumab–
bevacizumab combination therapy, which led to the patient showing worsening of the underly-
ing liver function and developing features of IMD (new onset of insulin-dependent diabetes
accompanied by worsening of the underlying type 2 diabetes mellitus). For the assessment of
intrahepatic recurrence, we performed CEUS with perfluorobutane microbubbles in this case,
which enabled us to make an earlier and more definitive diagnosis of intrahepatic recurrence
of HCC as compared to CECT. At autopsy, we histopathologically confirmed the liver injury
caused by repeated TACE, IMD, and intrahepatic recurrence of HCC.

Liver injury has been reported to occur at an incidence rate of 4–14% following cTACE
and 30–36% following DEB-TACE [28,29]. In the IMbrave 150 study, the incidence of liver
injury was 43.2% in the atezolizumab–bevacizumab group, comparable with the sorafenib
group (39.7%). The majority of these events were laboratory abnormalities (atezolizumab–
bevacizumab group: 38.3%; sorafenib group: 34.6%). The clinical diagnosis of liver injury
was 13.1% in the atezolizumab–bevacizumab group and 12.8% in sorafenib group, of which
the most commonly reported event was ascites (atezolizumab–bevacizumab group: 7.0%;
sorafenib group: 5.8%) [19]. Additionally, the incidence of liver injury after ICI therapy
has been reported to be higher in patients with HCC than in patients with other types of
cancer [30]. This difference is probably attributable to one or more of the following factors:
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progression and relapse of intrahepatic tumor lesions and a high prevalence of underlying
chronic liver diseases, such as viral hepatitis, alcohol-related liver disease, NAFLD, and
autoimmune hepatitis [21,30]. Atezolizumab–bevacizumab combination therapy after
TACE resulted in exacerbation of the liver injury in our patient. These events seemed to be
probably attributable to: (1) disturbed circulation through the liver caused by the beads
used for DEB-TACE, (2) liver injury caused by atezolizumab, (3) bevacizumab-induced
inhibition of angiogenesis. In relation to liver injury caused by atezolizumab, it has been
reported that in HCC patients with underlying non-alcoholic steatohepatitis (NASH),
the liver tissue contains an abundance of CD8+PD-1+ T cells, which may be involved in
liver tissue damage [31]. Although the histopathological findings in our patient did not
satisfy the criteria for the diagnosis of NASH, the clinical findings suggested the presence
of underlying NAFLD, so that we assumed that the liver injury in our patient also was
possibly attributable to liver tissue damage caused by atezolizumab via the mediation of
CD8+PD-1+ T cells.

One known mechanism for the onset of IMD is ICI-induced inhibition of the function
of PD-L1 expressed on islets. IMD often shows clinicopathological features similar to
those of type 1 diabetes mellitus, as they both show absolute insulin deficiency due to
pancreatic beta cell destruction by the autoimmune system [32,33]. Concretely, it is not
uncommon for patients with IMD to reduce the fasting serum C-peptide levels to below
the detection limit and develop complicating diabetic ketoacidosis [32,34]. In our patient
reported herein, the clinical findings suggested sudden insulin deficiency, and autopsy
confirmed marked reduction in the beta cells alone in the islets, leading us to diagnose
insulin-dependent diabetes arising from absolute insulin deficiency [35]. We additionally
diagnosed exacerbation of type 2 diabetes mellitus by the clinical findings. While a patient
with IMD often shows a disease type akin to type 1 diabetes mellitus (acute autoimmune
insulin-dependent diabetes), there are reported cases of IMD that show relative insulin de-
ficiency as exacerbation of type 2 diabetes mellitus (type 2 diabetes phenotype). Marchand
et al. reported that the clinical manifestations differ depending on the presence or absence
of a history of type 2 diabetes mellitus, in that the former often do not develop complicating
diabetic ketoacidosis and the serum C-peptide levels remain measurable [36,37]. There-
fore, we may consider the present patient as a case of IMD in which acute autoimmune
insulin-dependent diabetes and the type 2 diabetes phenotype coexisted.

In regard to evaluation of the responses to treatment in clinical studies of treatment of
malignant neoplasms, the RECIST (a set of criteria based on changes of the tumor diameter
compared to pre-treatment assessment) is often used. For evaluation of the responses
of HCC treatment, the mRECIST is also frequently used, in which changes in the tumor
blood flow are added to changes in the tumor diameter [38–40]. In a published study
designed to evaluate the responses of HCC to treatment with angiogenesis inhibitors, it
was reported that the prognosis was reflected better according to the mRECIST than the
RECIST, indicating the usefulness of tumor blood flow evaluation [41]. Though CT and
MRI are recommended as initial imaging modalities for assessing response to treatment
in the RECIST and the mRECIST, there are reports of the higher sensitivity of CEUS than
that of CECT for detecting residual HCC after TACE [38,39,42,43]. Higher detection of the
residual HCC by CEUS could be attributed to several reasons: one can be the difference
in sensitivity to hypervascularity. CEUS with perfluorobutane microbubbles has been
reported in the literature as being more sensitive than CECT for detecting hypervascularity
in both advanced and early cases of HCC [44,45]. When CECT is used, there are cases
in which the imaging cannot be performed at the appropriate timing for evaluation of
a hypervascular enhanced mass in the arterial phase. CEUS, on the other hand, can
yield images of the same cross-section chronologically, thereby allowing evaluation at
the appropriate timing, even when the timing of the contrast material inflow deviates
slightly from the optimal timing, which leads to the adequate evaluation of the tumor
vascularity [44]. Additionally, in the present case, CEUS allowed earlier and more definitive
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detection of intrahepatic recurrence of HCC than CECT. Thus, CEUS is also promising for
evaluation of the responses of patients with HCC to systemic therapy.

In the present case, the patient’s tumor was judged as TACE-refractory on the basis of
the Japan Society of Hepatology Liver Cancer Study Group of Japan (JSH-LCSGJ) criteria
2014 [24,46]. The effectiveness of systemic therapy has been reported for patients with
TACE-refractory HCC [5]. Thus, we selected atezolizumab–bevacizumab combination
therapy as a subsequent therapy. The systemic therapy available for advanced HCC
cases includes sorafenib, lenvatinib, regorafenib, ramucirumab besides atezolizumab–
bevacizumab combination therapy. Each of these agents has been recommended for
cases rated as Child–Pugh class A [3–6,20]. It has also been reported that among the
patients of unresectable HCC treated with lenvatinib, cases rated as ALBI Grade 1 showed
a higher response rate and a lower percentage of cases requiring discontinuation of the drug
owing to the emergence of adverse events [47]. Additionally, concerning immunotherapy,
Pinato et al. reported that the median overall survival of unresectable HCC patients treated
with ICIs were significantly stratified by ALBI grade (grade 1, 22.5 months; grade 2,
9.6 months; grades 3, 4.6 months; p < 0.001) [48]. Therefore, liver function is essential both
as a determinant of indication and a prognostic factor in patients with advanced HCC
treated with systemic therapy. In patients with BCLC stage B HCC, Hiraoka et al. reported
that ALBI-score significantly worsened in association with repeated TACE procedures [49].
Thus, to avoid deterioration of liver function, it is essential to judge TACE refractoriness
adequately and switch to systemic therapy as soon as possible.

4. Conclusions

Our experience with this HCC case treated by repeated TACE and atezolizumab–
bevacizumab combination therapy yielded three important findings and one important
suggestion: (1) multiple factors may be involved in the development/progression of liver
injury; (2) IMD can assume a form other than insulin-dependent diabetes; (3) evaluation of
tumor vascularity by CEUS may be useful for the diagnosis of intrahepatic recurrence. Our
experience provides an important suggestion that an early switch from repeated TACE
to systemic therapy may be useful to avoid unnecessary deterioration of liver function in
patients with TACE-refractory HCC.

Author Contributions: Clinical management of the patient: K.O. and M.C.; pathology diagnosis:
R.T., S.C., M.O., M.N., and Y.I.; writing—original draft preparation: S.K.; writing—review and editing:
K.N.; visualization: K.N.; supervision: K.N., M.O., M.N., and S.M. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of Yokohama City
University Medical Center Institutional Review Board. (protocol code 1781407422 and date of
approval 18 December 2017).

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funding organizations had no
role in the design of the study, in the collection, analyses, or interpretation of data, in the writing of
the manuscript, or in the decision to publish the results.

References
1. Cancer Today. Available online: https://gco.iarc.fr/today/home (accessed on 14 June 2021).
2. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: Globocan

estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]

https://gco.iarc.fr/today/home
http://doi.org/10.3322/caac.21660


Diagnostics 2021, 11, 1394 12 of 14

3. Heimbach, J.K.; Kulik, L.M.; Finn, R.S.; Sirlin, C.B.; Abecassis, M.M.; Roberts, L.R.; Zhu, A.X.; Murad, M.H.; Marrero, J.A. AASLD
guidelines for the treatment of hepatocellular carcinoma. Hepatology 2018, 67, 358–380. [CrossRef] [PubMed]

4. European Association for the Study of the Liver. EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma. J.
Hepatol. 2018, 69, 182–236. [CrossRef] [PubMed]

5. Kudo, M.; Han, K.H.; Ye, S.L.; Zhou, J.; Huang, Y.H.; Lin, S.M.; Wang, C.K.; Ikeda, M.; Chan, S.L.; Choo, S.P.; et al. A Changing
Paradigm for the Treatment of Intermediate-Stage Hepatocellular Carcinoma: Asia-Pacific Primary Liver Cancer Expert Consensus
Statements. Liver Cancer 2020, 9, 245–260. [CrossRef]

6. Kokudo, N.; Takemura, N.; Hasegawa, K.; Takayama, T.; Kubo, S.; Shimada, M.; Nagano, H.; Hatano, E.; Izumi, N.; Kaneko,
S.; et al. Clinical practice guidelines for hepatocellular carcinoma: The Japan Society of Hepatology 2017 (4th JSH-HCC guidelines)
2019 update. Hepatol. Res. 2019, 49, 1109–1113. [CrossRef] [PubMed]

7. Llovet, J.M.; Ricci, S.; Mazzaferro, V.; Hilgard, P.; Gane, E.; Blanc, J.F.; de Oliveira, A.C.; Santoro, A.; Raoul, J.L.; Forner, A.; et al.
Sorafenib in advanced hepatocellular carcinoma. N. Engl. J. Med. 2008, 359, 378–390. [CrossRef]

8. Kudo, M.; Finn, R.S.; Qin, S.; Han, K.H.; Ikeda, K.; Piscaglia, F.; Baron, A.; Park, J.W.; Han, G.; Jassem, J.; et al. Lenvatinib versus
sorafenib in first-line treatment of patients with unresectable hepatocellular carcinoma: A randomised phase 3 non-inferiority
trial. Lancet 2018, 391, 1163–1173. [CrossRef]

9. Llovet, J.M.; Montal, R.; Sia, D.; Finn, R.S. Molecular therapies and precision medicine for hepatocellular carcinoma. Nat. Rev.
Clin. Oncol. 2018, 15, 599–616. [CrossRef] [PubMed]

10. Finn, R.S.; Ryoo, B.Y.; Merle, P.; Kudo, M.; Bouattour, M.; Lim, H.Y.; Breder, V.V.; Edeline, J.; Chao, Y.; Ogasawara, S.; et al. Results
of KEYNOTE-240: Phase 3 study of pembrolizumab (Pembro) vs. best supportive care (BSC) for second line therapy in advanced
hepatocellular carcinoma (HCC). In Proceedings of the 2019 American Society of Clinical Oncology Annual Meeting, Chicago, IL,
USA, 31 May–4 June 2019; p. 4004.

11. Yau, T.; Park, J.W.; Finn, R.S.; Cheng, A.L.; Mathurin, P.; Edeline, J.; Kudo, M.; Han, K.H.; Harding, J.J.; Merle, P.; et al. CheckMate
459: A randomized, multi-center phase 3 study of nivolumab (NIVO) vs. sorafenib (SOR) as first-line (1L) treatment in patients
(pts) with advanced hepatocellular carcinoma (aHCC). In Proceedings of the European Society for Medical Oncology 2019
Congress, Barcelona, Spain, 27 September–1 October 2019.

12. Kim, J.M.; Chen, D.S. Immune escape to PD-L1/PD-1 blockade: Seven steps to success (or failure). Ann. Oncol. 2016, 27, 1492–1504.
[CrossRef] [PubMed]

13. Chen, D.S.; Hurwitz, H. Combinations of bevacizumab with cancer immunotherapy. Cancer J. 2018, 24, 193–204. [CrossRef]
14. Hegde, P.S.; Wallin, J.J.; Mancao, C. Predictive markers of anti-VEGF and emerging role of angiogenesis inhibitors as immunother-

apeutics. Semin. Cancer Biol. 2018, 52, 117–124. [CrossRef]
15. Oyama, T.; Ran, S.; Ishida, T.; Nadaf, S.; Kerr, L.; Carbone, D.P.; Gabrilovich, D.I. Vascular endothelial growth factor affects

dendritic cell maturation through the inhibition of nuclear factor-kappa B activation in hemopoietic progenitor cells. J. Immunol.
1998, 160, 1224–1232.

16. Goel, S.; Duda, D.G.; Xu, L.; Munn, L.L.; Boucher, Y.; Fukumura, D.; Jain, R.K. Normalization of the vasculature for treatment of
cancer and other diseases. Physiol. Rev. 2011, 91, 1071–1121. [CrossRef]

17. Gabrilovich, D.I.; Nagaraj, S. Myeloid-derived suppressor cells as regulators of the immune system. Nat. Rev. Immunol. 2009, 9,
162–174. [CrossRef]

18. Lee, M.S.; Ryoo, B.K.; Hsu, C.H.; Numata, K.; Stein, S.; Verret, W.; Hack, S.P.; Spahn, J.; Liu, B.; Abdullah, H.; et al. Atezolizumab
with or without bevacizumab in unresectable hepatocellular carcinoma (GO30140): An open-label, multicentre, phase 1b study.
Lancet Oncol. 2020, 21, 808–820. [CrossRef]

19. Finn, R.S.; Qin, S.; Ikeda, M.; Galle, P.R.; Ducreux, M.; Kim, T.Y.; Kudo, M.; Breder, V.; Merle, P.; Kaseb, A.O.; et al. Atezolizumab
plus Bevacizumab in Unresectable Hepatocellular Carcinoma. N. Engl. J. Med. 2020, 382, 1894–1905. [CrossRef] [PubMed]

20. Gordan, J.D.; Kennedy, E.B.; Abou-Alfa, G.K.; Beg, M.S.; Brower, S.T.; Gade, T.P.; Goff, L.; Gupta, S.; Guy, J.; Harris, W.P.; et al.
Systemic Therapy for Advanced Hepatocellular Carcinoma: ASCO Guideline. J. Clin. Oncol. 2020, 38, 4317–4345. [CrossRef]
[PubMed]

21. Haanen, J.B.A.G.; Carbonnel, F.; Robert, C.; Kerr, K.M.; Peters, S.; Larkin, J.; Jordan, K.; ESMO Guidelines Committee. Management
of toxicities from immunotherapy: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2017,
28, iv119–iv142. [CrossRef]

22. Brahmer, J.R.; Lacchetti, C.; Schneider, B.J.; Atkins, M.B.; Brassil, K.J.; Caterino, J.M.; Chau, I.; Ernstoff, M.S.; Gardner, J.M.; Ginex,
P.; et al. Management of Immune-Related Adverse Events in Patients Treated With Immune Checkpoint Inhibitor Therapy:
American Society of Clinical Oncology Clinical Practice Guideline. J. Clin. Oncol. 2018, 36, 1714–1768. [CrossRef]

23. Puzanov, I.; Diab, A.; Abdallah, K.; Bingham 3rd, C.O.; Brogdon, C.; Dadu, R.; Hamad, L.; Kim, S.; Lacouture, M.E.; LeBoeuf,
N.R.; et al. Managing toxicities associated with immune checkpoint inhibitors: Consensus recommendations from the Society for
Immunotherapy of Cancer (SITC) Toxicity Management Working Group. J. Immunother. Cancer 2017, 5, 95. [CrossRef]

24. Ogasawara, S.; Ooka, Y.; Koroki, K.; Maruta, S.; Kanzaki, H.; Kanayama, K.; Kobayashi, K.; Kiyono, S.; Nakamura, M.; Kanogawa,
N.; et al. Switching to systemic therapy after locoregional treatment failure: Definition and best timing. Clin. Mol. Hepatol. 2020,
26, 155–162. [CrossRef]

http://doi.org/10.1002/hep.29086
http://www.ncbi.nlm.nih.gov/pubmed/28130846
http://doi.org/10.1016/j.jhep.2018.03.019
http://www.ncbi.nlm.nih.gov/pubmed/29628281
http://doi.org/10.1159/000507370
http://doi.org/10.1111/hepr.13411
http://www.ncbi.nlm.nih.gov/pubmed/31336394
http://doi.org/10.1056/NEJMoa0708857
http://doi.org/10.1016/S0140-6736(18)30207-1
http://doi.org/10.1038/s41571-018-0073-4
http://www.ncbi.nlm.nih.gov/pubmed/30061739
http://doi.org/10.1093/annonc/mdw217
http://www.ncbi.nlm.nih.gov/pubmed/27207108
http://doi.org/10.1097/PPO.0000000000000327
http://doi.org/10.1016/j.semcancer.2017.12.002
http://doi.org/10.1152/physrev.00038.2010
http://doi.org/10.1038/nri2506
http://doi.org/10.1016/S1470-2045(20)30156-X
http://doi.org/10.1056/NEJMoa1915745
http://www.ncbi.nlm.nih.gov/pubmed/32402160
http://doi.org/10.1200/JCO.20.02672
http://www.ncbi.nlm.nih.gov/pubmed/33197225
http://doi.org/10.1093/annonc/mdx225
http://doi.org/10.1200/JCO.2017.77.6385
http://doi.org/10.1186/s40425-017-0300-z
http://doi.org/10.3350/cmh.2019.0021n


Diagnostics 2021, 11, 1394 13 of 14

25. Kotronen, A.; Peltonen, M.; Hakkarainen, A.; Sevastianova, K.; Bergholm, R.; Johansson, L.M.; Lundbom, N.; Rissanen, A.;
Ridderstråle, M.; Groop, L.; et al. Prediction of non-alcoholic fatty liver disease and liver fat using metabolic and genetic factors.
Gastroenterology 2009, 137, 865–872. [CrossRef] [PubMed]

26. Kitabchi, A.E.; Umpierrez, G.E.; Miles, J.M.; Fisher, J.N. Hyperglycemic crises in adult patients with diabetes. Diabetes Care 2009,
32, 1335–1343. [CrossRef] [PubMed]

27. Kudo, M.; Hatanaka, K.; Maekawa, K. Newly developed novel ultrasound technique, defect reperfusion ultrasound imaging,
using sonazoid in the management of hepatocellular carcinoma. Oncology 2010, 78, 40–45. [CrossRef]

28. Guiu, B.; Deschamps, F.; Aho, S.; Munck, F.; Dromain, C.; Boige, V.; Malka, D.; Leboulleux, S.; Ducreux, M.; Schlumberger,
M.; et al. Liver/biliary injuries following chemoembolisation of endocrine tumours and hepatocellular carcinoma: Lipiodol vs.
drug-eluting beads. J. Hepatol. 2012, 56, 609–617. [CrossRef]

29. Monier, A.; Guiu, B.; Duran, R.; Aho, S.; Bize, P.; Deltenre, P.; Dunet, V.; Denys, A. Liver and biliary damages following
transarterial chemoembolization of hepatocellular carcinoma: Comparison between drug-eluting beads and lipiodol emulsion.
Eur. Radiol. 2017, 27, 1431–1439. [CrossRef] [PubMed]

30. Sangro, B.; Chan, S.L.; Meyer, T.; Reig, M.; El-Khoueiry, A.; Galle, P.R. Diagnosis and management of toxicities of immune
checkpoint inhibitors in hepatocellular carcinoma. J. Hepatol. 2020, 72, 320–341. [CrossRef]

31. Pfister, D.; Núñez, N.G.; Pinyol, R.; Govaere, O.; Pinter, M.; Szydlowska, M.; Gupta, R.; Qiu, M.; Deczkowska, A.; Weiner, A.; et al.
NASH limits anti-tumour surveillance in immunotherapy-treated HCC. Nature 2021, 592, 450–456. [CrossRef] [PubMed]

32. Youssef, N.; Noureldein, M.; Daoud, G.; Eid, A.A. Immune checkpoint inhibitors and diabetes: Mechanisms and predictors.
Diabetes Metab. Diabetes Metab. 2021, 47, 101193. [CrossRef]

33. American Diabetes Association. Classification and diagnosis of diabetes: Standards of Medical Care in Diabetes-2021. Diabetes
Care 2021, 44, S15–S33. [CrossRef]

34. Stamatouli, A.M.; Quandt, Z.; Perdigoto, A.L.; Clark, P.L.; Kluger, H.; Weiss, S.A.; Gettinger, S.; Sznol, M.; Young, A.; Rushakoff,
R.; et al. Collateral Damage: Insulin-Dependent Diabetes Induced With Checkpoint Inhibitors. Diabetes 2018, 67, 1471–1480.
[CrossRef] [PubMed]

35. Atkinson, M.A.; Maclaren, N.K. The pathogenesis of insulin-dependent diabetes mellitus. N. Engl. J. Med. 1994, 331, 1428–1436.
[PubMed]

36. Marchand, L.; Disse, E.; Dalle, S.; Reffet, S.; Vouillarmet, J.; Fabien, N.; Thivolet, C.; Cugnet-Anceau, C. The multifaceted nature of
diabetes mellitus induced by checkpoint inhibitors. Acta Diabetol. 2019, 56, 1239–1245. [CrossRef]

37. Marchand, L.; Thivolet, A.; Dalle, S.; Chikh, K.; Reffet, S.; Vouillarmet, J.; Fabien, N.; Cugnet-Anceau, C.; Thivolet, C. Diabetes
mellitus induced by PD-1 and PD-L1 inhibitors: Description of pancreatic endocrine and exocrine phenotype. Acta Diabetol. 2019,
56, 441–448. [CrossRef] [PubMed]

38. Therasse, P.; Arbuck, S.G.; Eisenhauer, E.A.; Wanders, J.; Kaplan, R.S.; Rubinstein, L.; Verweij, J.; Van Glabbeke, M.; van Oosterom,
A.T.; Christian, M.C.; et al. New guidelines to evaluate the response to treatment in solid tumors. European Organization for
Research and Treatment of Cancer, National Cancer Institute of the United States, National Cancer Institute of Canada. J. Natl.
Cancer Inst. 2000, 92, 205–216. [CrossRef]

39. Lencioni, R.; Llovet, J.M. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin. Liver Dis. 2010, 30, 52–60.
[CrossRef]

40. Llovet, J.M.; Villanueva, A.; Marrero, J.A.; Schwartz, M.; Meyer, T.; Galle, P.R.; Lencioni, R.; Greten, T.F.; Kudo, M.; Mandrekar,
S.J.; et al. Trial Design and Endpoints in Hepatocellular Carcinoma: AASLD Consensus Conference. Hepatology 2021, 73, 158–191.
[CrossRef]

41. Edeline, J.; Boucher, E.; Rolland, Y.; Vauléon, E.; Pracht, M.; Perrin, C.; Le Roux, C.; Raoul, J.L. Comparison of tumor response by
Response Evaluation Criteria in Solid Tumors (RECIST) and modified RECIST in patients treated with sorafenib for hepatocellular
carcinoma. Cancer 2012, 118, 147–156. [CrossRef]

42. Paul, S.B.; Dhamija, E.; Gamanagatti, S.R.; Sreenivas, V.; Yadav, D.P.; Jain, S.; Shalimar; Acharya, S.K. Evaluation of tumor response
to intra-arterial chemoembolization of hepatocellular carcinoma: Comparison of contrast-enhanced ultrasound with multiphase
computed tomography. Diagn. Interv. Imaging 2017, 98, 253–260. [CrossRef]

43. Takizawa, K.; Numata, K.; Morimoto, M.; Kondo, M.; Nozaki, A.; Moriya, S.; Ishii, T.; Oshima, T.; Fukuda, H.; Okada, M.; et al.
Use of contrast-enhanced ultrasonography with a perflubutane-based contrast agent performed one day after transarterial
chemoembolization for the early assessment of residual viable hepatocellular carcinoma. Eur. J. Radiol. 2013, 82, 1471–1480.
[CrossRef]

44. Ishii, T.; Numata, K.; Hao, Y.; Doba, N.; Hara, K.; Kondo, M.; Tanaka, K.; Maeda, S. Evaluation of hepatocellular carcinoma tumor
vascularity using contrast-enhanced ultrasonography as a predictor for local recurrence following radiofrequency ablation. Eur. J.
Radiol. 2017, 89, 234–241. [CrossRef]

45. Numata, K.; Fukuda, H.; Miwa, H.; Ishii, T.; Moriya, S.; Kondo, M.; Nozaki, A.; Morimoto, M.; Okada, M.; Takebayashi, S.; et al.
Contrast-enhanced ultrasonography findings using a perflubutane-based contrast agent in patients with early hepatocellular
carcinoma. Eur. J. Radiol. 2014, 83, 95–102. [CrossRef] [PubMed]

46. Kudo, M.; Matsui, O.; Izumi, N.; Kadoya, M.; Okusaka, T.; Miyayama, S.; Yamakado, K.; Tsuchiya, K.; Ueshima, K.; Hiraoka,
A.; et al. Transarterial chemoembolization failure/refractoriness: JSH-LCSGJ criteria 2014 update. Oncology 2014, 87, 22–31.
[CrossRef] [PubMed]

http://doi.org/10.1053/j.gastro.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/19524579
http://doi.org/10.2337/dc09-9032
http://www.ncbi.nlm.nih.gov/pubmed/19564476
http://doi.org/10.1159/000315229
http://doi.org/10.1016/j.jhep.2011.09.012
http://doi.org/10.1007/s00330-016-4488-y
http://www.ncbi.nlm.nih.gov/pubmed/27436016
http://doi.org/10.1016/j.jhep.2019.10.021
http://doi.org/10.1038/s41586-021-03362-0
http://www.ncbi.nlm.nih.gov/pubmed/33762733
http://doi.org/10.1016/j.diabet.2020.09.003
http://doi.org/10.2337/dc21-S002
http://doi.org/10.2337/dbi18-0002
http://www.ncbi.nlm.nih.gov/pubmed/29937434
http://www.ncbi.nlm.nih.gov/pubmed/7969282
http://doi.org/10.1007/s00592-019-01402-w
http://doi.org/10.1007/s00592-018-1234-8
http://www.ncbi.nlm.nih.gov/pubmed/30284618
http://doi.org/10.1093/jnci/92.3.205
http://doi.org/10.1055/s-0030-1247132
http://doi.org/10.1002/hep.31327
http://doi.org/10.1002/cncr.26255
http://doi.org/10.1016/j.diii.2016.09.002
http://doi.org/10.1016/j.ejrad.2013.04.045
http://doi.org/10.1016/j.ejrad.2016.12.018
http://doi.org/10.1016/j.ejrad.2013.09.025
http://www.ncbi.nlm.nih.gov/pubmed/24176532
http://doi.org/10.1159/000368142
http://www.ncbi.nlm.nih.gov/pubmed/25427730


Diagnostics 2021, 11, 1394 14 of 14

47. Ueshima, K.; Nishida, N.; Hagiwara, S.; Aoki, T.; Minami, T.; Chishina, H.; Takita, M.; Minami, Y.; Ida, H.; Takenaka, M.; et al.
Impact of Baseline ALBI Grade on the Outcomes of Hepatocellular Carcinoma Patients Treated with Lenvatinib: A Multicenter
Study. Cancers 2019, 11, 952. [CrossRef]

48. Pinato, D.J.; Kaneko, T.; Saeed, A.; Pressiani, T.; Kaseb, A.; Wang, Y.; Szafron, D.; Jun, T.; Dharmapuri, S.; Naqash, A.R.; et al.
Immunotherapy in Hepatocellular Cancer Patients with Mild to Severe Liver Dysfunction: Adjunctive Role of the ALBI Grade.
Cancers 2020, 12, 1862. [CrossRef] [PubMed]

49. Hiraoka, A.; Kumada, T.; Kudo, M.; Hirooka, M.; Koizumi, Y.; Hiasa, Y.; Tajiri, K.; Toyoda, H.; Tada, T.; Ochi, H.; et al.
Hepatic Function during Repeated TACE Procedures and Prognosis after Introducing Sorafenib in Patients with Unresectable
Hepatocellular Carcinoma: Multicenter Analysis. Dig. Dis. 2017, 35, 602–610. [CrossRef] [PubMed]

http://doi.org/10.3390/cancers11070952
http://doi.org/10.3390/cancers12071862
http://www.ncbi.nlm.nih.gov/pubmed/32664319
http://doi.org/10.1159/000480256
http://www.ncbi.nlm.nih.gov/pubmed/29040999

	Introduction 
	Case Presentation 
	Clinical Course 
	Findings of Diagnostic Imaging upon Intrahepatic Recurrence of HCC 
	Autopsy Findings 

	Discussion 
	Conclusions 
	References

