Chapter 2 Diagnosis and Surveillance

Section 1 Surveillance



Introduction

In Japan, approximately 80% patients with hepatocellular carcinoma (HCC) also suffer from
chronic hepatitis B or C, and the majority of these patients develop the complication of cirrhosis.
Although the number of patients without a background of viral hepatitis has increased in recent
years, HCC is an extremely prominent cancer among high-risk group patients.
Ultrasound and tumor marker testing play a major role and are widely used in HCC surveillance
of high-risk group patients at present. In order to demonstrate the efficacy of surveillance, it must
be shown that early detection increases opportunities for the administration of curative therapy
and contributes to an improvement in prognosis. However, currently, there is insufficient evidence
to elucidate whether HCC prognosis is improved with surveillance using only ultrasound or
ultrasound combined with tumor marker testing. Furthermore, randomized controlled trials
(RCTs) are likely to be discontinued in the future, mostly because of ethical concerns. In actual
clinical settings, if visualization is poor on ultrasound, the test interval can be shortened, testing
can be combined with computed tomography (CT)/magnetic resonance imaging (MRI), or other
measures can be adopted to decrease the risk of missing a finding. At present however, there is
insufficient evidence to elucidate the recommended test interval for ultrasound and tumor marker
testing and whether testing should be combined with CT/MRI.
Considering the fact that HCC surveillance has been widely adopted and that RCTs are currently
difficult to implement, there is no choice but to recommend that the status quo be confirmed to a
certain extent.
We first established “patients with risk factors for HCC” on the basis of the current state of affairs,
following which we suggested appropriate surveillance methods and test intervals for HCC
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according to currently available evidence.

CQ4 Who are eligible candidates for surveillance?

Recommendation
The risk factors for HCC include liver cirrhosis, chronic hepatitis C, chronic hepatitis B, male
gender, older age, alcohol consumption, smoking, obesity, and diabetes mellitus. Of these risk
factors, it is recommended that patients with chronic hepatitis C, chronic hepatitis B, or nonviral
cirrhosis be screened at regular intervals for HCC (Grade B).



Background

HCC, a cancer with marked regional clustering, is mostly related to hepatitis B virus (HBV) and
hepatitis C virus (HCV) and is largely influenced by environmental factors. Even in Japan,
approximately 80% HCC patients suffer from chronic hepatitis B or C (L3H000041)). Aside from
viral factors, the risk factors for hepatocarcinogenesis are believed to include male gender, older
age, excessive alcohol consumption, smoking, aflatoxin exposure, obesity, and diabetes mellitus.
Here, we examined these risk factors.


Scientific Statement

On a global scale, persistent HBV infection is the most critical risk factor for hepatocarcinogenesis.
HBV carriers have a 223-fold risk of developing cancer compared with noncarriers (LF072092)
Level 2a). Among HBV carriers, HBe antigen-positive patients are at a higher risk of developing
cancer compared with HBe antigen-negative patients (relative risk: 6.3-fold; LF038253) Level 2a,
LF071994) Level 2a). Among type B patients with chronic liver disease, the risk is even higher for
patients with cirrhosis.
A large-scale Taiwanese study revealed that the risk of carcinogenesis increases with HBV-DNA
levels (L3H000415) Level 2a), and similar results have been reported in Japan (L3F062646) Level
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3). Nevertheless, HBV-DNA levels greatly fluctuate with time; therefore, one must be aware of
the fluctuation pattern. The risk of carcinogenesis is highest when HBV-DNA levels continually
decrease and yet persist at an elevated level (L3F065727) Level 2a). Thus far, three articles on
comprehensive risk assessment systems, including the use of HBV-DNA levels, have been
published (L3F034288) Level 2a, L3F058039) Level 2a, L3F0580410) Level 2a).
In addition to HBV infection, persistent HCV infection is one of the most critical risk factors for
carcinogenesis. In particular, it is the leading cause of hepatocarcinogenesis in developed nations,
including Japan (LF0720211) Level 4). Cirrhosis characteristically develops before cancer in nearly
all patients with a background of hepatitis C who develop cancer (LF0357512) Level 2a,
LF0240413) Level 2b). The cancer incidence rate associated with type C cirrhosis differs among
countries, but the annual rate is extremely high at 3%–8%. Known viral risk factors are elevated
HCV-RNA levels and genotype 1 (L3F0580514) Level 2a). On the basis of a cohort study on
patients with advanced fibrosis who received long-term peginterferon therapy, it has been
proposed that risk scores based on factors such as age, race, alkaline phosphatase levels, varices,
and platelet counts should be included in a comprehensive risk assessment system (L3F0578315)
Level 2a).
Cirrhosis can be a risk factor for hepatocarcinogenesis, even in patients who are negative for both
HBV and HCV. Carcinogenesis is observed in patients with Scheuer stage III or IV primary
biliary cirrhosis (PBC), while it is extremely rare in stage I or II patients (LF0363316) Level 2a,
LF0716717) Level 2a).
Statistical data from various countries clearly show that HCC is more common among men than
among women, probably because of differences in hepatitis morbidity rate, differences in alcohol
consumption, and the effects of androgens.
Despite the abundance of data suggesting that excessive alcohol consumption and alcoholic liver
cirrhosis are risk factors for hepatocarcinogenesis, it remains to be determined whether these
factors are dose-dependent or are associated with a threshold level (LF0720718) Level 3,
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LF0720419) Level 3, LF0720320) Level 3, LF0719321) Level 3, LF0719422) Level 3). In addition,
alcohol intake increases the risk of hepatocarcinogenesis in patients with chronic hepatitis B or C
accompanied by cirrhosis (L3F0577323) Level 2a, L3F0576124) Level 2a).
There are studies reporting both positive and negative findings on smoking as a risk factor for
hepatocarcinogenesis. However, the results of meta-analysis have shown that smoking increases
the risk of hepatocarcinogenesis (relative risk is 1.51-fold higher in smokers than in nonsmokers,
L3H0004225) Level 3).
Two large-scale studies were conducted to examine the relationship between obesity and HCC.
The study conducted in Denmark reported that the risk for hepatocarcinogenesis was 1.9-fold
higher in obese patients than in nonobese patients (LF1209326) Level 3), and a prospective study
conducted in the United States found that the risk of death from HCC among obese patients (BMI
> 35 kg/m2) was 4.52-fold higher in men and 1.68-fold higher in women (LF1209427) Level 2a).
In Japan, a study treating decompensated cirrhosis patients with branched-chain amino acid
(BCAA) agents was conducted to aim at an endpoint of improved prognosis, and subgroup
analysis demonstrated that hepatocarcinogenesis was often observed in patients with a BMI of
≥25 kg/m2 (LF1209628) Level 2a).
The relationship between type 2 diabetes mellitus and HCC was examined in a large-scale cohort
study conducted in Sweden, Denmark, and North America, and the results showed that the risk of
developing liver cancer was 2–4-fold higher among patients with diabetes than among those
without (LF1209729) Level 2b, LF1209830) Level 2b, LF1209931) Level 2b). In Japan, Matsuo et al.
conducted a case–control study in the Kyushu region with 225 patients, and diabetes was found to be
independent of other risk factors such as age and gender (2.5-fold odds ratio; LF1210032) Level 3).
Marrero et al. investigated the background factors of 105 patients with HCC in order to determine
the relationship between nonalcoholic steatohepatitis (NASH) and HCC. The study revealed that
HCV was the most common factor with an incidence of 51%, followed by cryptogenic cirrhosis at
29%; furthermore, NASH was present in 50% of these patients (LF1210133) Level 2b). In Japan,
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Hashimoto et al. followed 247 patients with nonalcoholic fatty liver disease (NAFLD) and
demonstrated that HCC was present in 10 patients with cirrhosis. The 5-year cumulative cancer
incidence among F3–F4 patients with advanced liver fibrosis was reported to be 20% (LF1210234)
Level 2b).


Explanation

The risk factors for hepatocarcinogenesis are independent variables, and the incidence rate of
HCC is believed to increase continuously with the number of risk factors. Although several
models that comprehensively evaluate multiple risk factors for type B and C hepatitis patients
have been proposed, none of these models has been thoroughly verified. A threshold annual rate of
cancer incidence should also be set to determine the time of screening initiation. However, this is
also a difficult task. Therefore, it was decided that HCC screening be conducted for patients with
conventional type B and C chronic liver disease and various types of liver cirrhosis.
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CQ5 Does surveillance improve prognosis?

Recommendation
Regular screening for HCC can lead to early detection and curative treatment and may improve
prognosis (Grade B).



Scientific Statement

The results of an RCT suggested that regular surveillance for HCC may improve prognosis
(LF106251) Level 1). HBV-infected patients underwent regular surveillance every 6 months using
alpha-fetoprotein (AFP) measurement and ultrasonography. More cancers were discovered at the
small nodule stage in the screened patient group compared with those in the unscreened control
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group, and significantly more patients were able to undergo liver resection. Consequently, the
mortality rate was improved by 37%.
Although not an RCT, a prospective study limited to patients with cirrhosis (LF019822) Level 2a)
showed that regular surveillance using ultrasound and AFP measurement extends survival time.
Furthermore, retrospective studies that were corrected for lead time bias (LF100863) Level 2b,
LF108494) Level 2b, LF102745) Level 2b, L3F041636) Level2b, LF120497) Level 2b, L3F060128)
Level 2b) also demonstrated that regular surveillance increased survival time.
We then examined whether the early detection of HCC by surveillance increased patients’
opportunities to receive curative therapy. Patients with chronic hepatitis who were diagnosed with
HCC by regular surveillance using AFP measurement and ultrasonography were able to undergo
curative therapies such as liver resection, percutaneous ablation, and transcatheter arterial
chemoembolization (TACE) more often than those who did not undergo surveillance and were
diagnosed with HCC on the basis of presented symptoms (LF038229) Level 3, LF106251) Level 1,
LF100863) Level 2b, LF019822) Level 2a, LF120497) Level 2b, L3F0603110) Level 2a,
L3F0601811) Level 2a). Nevertheless, it has also been reported that regular surveillance does not
increase patients’ opportunities to undergo liver resection (LF0390512) Level 2a).


Explanation

To truly demonstrate the clinical utility of HCC surveillance, detection must be possible in the
early stages using regular screening, and early detection must facilitate the implementation of
highly curative therapies, leading to improved prognosis. Only a few published studies satisfy
these conditions for HCC surveillance; therefore, it is recommended that any conclusions be
drawn carefully.
There are no reports that directly compare the effectiveness of surveillance between patients with
chronic hepatitis and those with cirrhosis. In addition, no studies have directly compared the
effectiveness of surveillance among subgroups with various risk factors such as chronic hepatitis
B and C, gender, age, and the amount of alcohol intake. The subject of surveillance differs slightly
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among reports; therefore, data should be interpreted with consideration for these differences.
When the annual rate of hepatocarcinogenesis was considered, studies in which a large proportion
of patients with cirrhosis were included showed high incidence rates of HCC, and such studies
reported that regular screening of high-risk patients for HCC increased the detection rates for
solitary, small nodules and resulted in appropriate curative treatment.
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CQ6 What methods are used in surveillance?

Recommendation
HCC screening should primarily include ultrasound examination with tumor marker testing, and
dynamic CT or dynamic MRI can be concurrently used for extremely high-risk patients such as
those with cirrhosis (Grade B).
Regular screening every 3–6 months, primarily using ultrasound examination and tumor marker
testing in combination with dynamic CT or dynamic MRI, increases HCC detectability at the
solitary, small nodular stage (Grade B).
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Scientific Statement

Ultrasound is more sensitive than AFP measurement for detecting HCC during screening
(cirrhosis patients: LF019821) Level 2a, LF026892) Level 2a; HBV carriers: LF037273) Level 2a).
However, there were no obvious differences in specificity (LF026892) Level 2a, LF037273) Level
2a). There was also no significant difference in detection sensitivity between surveillance using
ultrasound alone or that using ultrasound with AFP measurement (LF037273) Level 2a,
L3F041804) Level 2b). A study conducted in patients with cirrhosis, however, showed that HCC is
detected more frequently with ultrasound and AFP measurement combined than with ultrasound
alone (LF026892) Level 2a).
The sensitivity and specificity of diagnostic ultrasound for HCC screening of patients with chronic
hepatitis or cirrhosis are reported to be 78%–90% and 93%–93.8%, respectively (LF026892) Level
2a, LF037273) Level 2a, LF030695) Level 4). HCC lesions that cannot be detected on ultrasound
are often present in blind spots such as the subphrenic space or are found in patients with coarse
liver parenchyma (LJ034716) Level 1). Studies on explanted livers from liver transplant donors
have shown that the detection sensitivity of ultrasound for HCC nodules is low at 20.5%–46%
(LF018677) Level 2b, L3F032048) Level 1) and that nodules measuring ≤2 cm are particularly
difficult to detect (LF018677) Level 2b, L3F032048) Level 1, LF120329) Level 1). In studies
examining nodules measuring ≤2 cm, some reports claimed that ultrasound is superior to MRI or
CT in detecting the nodules (LF0223110)) Level 1); however, the majority of reports have
determined that the detection sensitivity of CT and MRI is superior (L3F032048) Level 1,
LF120329) Level 1).
The first RCT investigating differences in HCC detection rate due to differences in screening
intervals was presented in 2011. Ultrasound was performed at 3- or 6-month intervals, and the
detection rate for HCC was compared between the two groups; no significant difference was
found between groups (L3F0659111) Level 1). In addition, a newly published meta-analysis of
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surveillance using ultrasound concluded that ultrasound performed at 6-month intervals was able
to detect early-stage HCC at a significantly higher rate compared with that performed at 12-month
intervals (L3F041804) Level 2b). In addition, a retrospective study conducted after correction for
lead time bias (L3F0416312) Level 2b) showed that ultrasound examination at 6-month intervals
detected HCC significantly earlier than that at 12-month intervals, thereby increasing
opportunities to administer curative therapies and extend survival time.


Explanation

There are no reports indicating that HCC surveillance using ultrasound combined with tumor
marker testing is superior to the independent performance of each test. At the very least, screening
with both tests improves sensitivity. Therefore, they are widely used in combination at present as
screening procedures in Japan, even though there is no clear evidence if the combination
contributes to an improvement in diagnostic performance.
Regular screening every 3–6 months using ultrasound and tumor marker testing increases HCC
detectability at the single nodule stage. Therefore, a screening interval of 3–6 months is
recommended in this revised edition. The first RCT to examine differences in HCC detection rate
according to different screening intervals (L3F0659111) Level 1) did not show a significant
difference in HCC diagnosis between the 3- and 6-month interval groups. However, HCC was
diagnosed on the basis of EASL diagnostic criteria 2001. Therefore, the definitive diagnosis of
HCC using only diagnostic imaging without biopsy-proven diagnosis was limited to tumors
measuring ≥2 cm in diameter. In this study, the detectability of small nodules in the liver was
superior in the 3-month interval group than in the 6-month interval group; however, because a
definitive diagnosis of HCC could not be obtained using EASL diagnostic criteria 2001, it is
possible that there was no significant difference in detectability between the 3- and 6-month
interval groups.
During diagnostic imaging, blind spots can be present on ultrasound, and tumor detectability is
less than adequate in patients with cirrhosis and a coarse echo pattern in the surrounding liver
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parenchyma, particularly for tumors measuring ≤2 cm. Therefore, it is expected that the combined
use of ultrasound and imaging tests such as CT or MRI may enhance the detectability of HCC. In
fact, however, CT or MRI is often not considered for HCC surveillance, and no studies have
investigated the intervals at which concomitant CT or MRI should be conducted to improve
detection sensitivity, treatment opportunities, or survival rate. Although it remains to be
determined whether the combined use of CT or MRI with ultrasound truely cost-effective, it can
be expected to increase cancer detectability at the single and small nodule level in extremely
high-risk groups.
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CQ7 What size (cm) of atypical liver nodules using dynamic CT or dynamic MRI should
be further examined?

Recommendation
It is recommended that the lesions visualized as high-attenuation areas in the arterial phase and
measuring ≥1 cm be examined carefully (Grade B).



Background

There is no evidence that early-stage diagnosis of HCC without typical imaging findings increases
the overall survival rate. On the other hand, there is evidence that local curability increases with
decreasing tumor size when percutaneous ablation is considered for therapy. In general, the
smaller the nodule diameter, the lower the chances are of tumor malignancy; therefore, lowering
the criteria for further testing decreases cost-effectiveness. Therefore, we examined whether there
was an efficient threshold level.


Scientific Statement

Byrnes et al. studied 161 nodular lesions measuring <2 cm in size in patients with cirrhosis, which
showed hyperhenhancement in the arterial phase of MR imaging and were invisible in the portal
venous/equilibrium phases. Then, it was determined whether tumors were benign or malignant on
the basis of pathological or follow-up observations. The results showed that 16 nodules (10%)
were HCCs, while the others were benign. Only one nodule out of 111 (0.6%) HCC nodules
measured <1 cm, while 15 of 50 (30%) measured ≥1 cm (L3F028501) Level 1).
Haradome et al. compared images of 60 nodules measuring ≤3 cm in diameter obtained by
triple-phase dynamic CT and gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA)-enhanced MRI in 52 HCC patients. The areas under the receiver operating
characteristic (ROC) curve (AUROC) for both procedures were equal. However, the detectability
of lesions measuring ≤1.5 cm using Gd-EOB-DTPA-enhanced MRI was significantly better than
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that with CT. There were 14 out of 60 nodules that were determined to be false-negative on
dynamic CT and visualized as high-attenuation areas in the arterial phase. However, the majority
of nodules were found to be those without washout in the portal venous/equilibrium phases; the
primary image reader found 11 such lesions, while a second reader found 10 such lesions. Of
these nodules, three were detected by both the primary and secondary readers as low-signal
intensity areas in the hepatobiliary phase using Gd-EOB-DTPA-enhanced MRI. This indicated
that hypervascular HCC without washout in the portal venous/equilibrium phases can be
diagnosed on the basis of Gd-EOB-DTPA-enhanced MRI (L3F032632) Level 1).


Explanation

Typical findings of HCC on dynamic CT/MRI include nodules that are visualized as
hyperattenuating areas in the arterial phase and hypoattenuating areas in the portal
venous/equilibrium phases compared with the surrounding liver parenchyma. Nodules that do not
exhibit typical findings are visualized as hyperattenuating areas in the arterial phase. However,
they can appear as hyperattenuating or isoattanuating areas in the portal venous/equilibrium
phases compared with the surrounding parenchyma. They may also appear as isoattanuating or
hypoattenuating areas in the arterial phase or as isodense or hypoattenuating areas in the portal
venous/equilibrium phases. In the former case, diagnosis must be differentiated from arterioportal
(AP) shunt, focal nodular hyperplasia (FNH), and cavernous hemangioma of the liver, while in the
latter case, differentiation between regenerative nodules, dysplastic nodules, and early-stage HCC
may be problematic. If the tumor diameter is small, washout in the portal venous/equilibrium
phase is often unclear, even in cases of hypervascular HCC. Because the biological malignancy of
hypervascular nodules is thought to resemble typical HCC findings, early-stage diagnosis may be
beneficial. On the other hand, if early-stage HCC is hypovascular, the degree of biological
malignancy is presumably lower than that of hypervascular HCC, and the benefits of early-stage
diagnosis become less clear.
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Section 2 Tumor Markers



Introduction

Tumor markers can be utilized for three major purposes: diagnosis, surveillance, and indication of
treatment outcome. In the past, when the majority of cases were those of advanced cancer, AFP
was used for the definitive diagnosis of HCC. Because of advancements in imaging diagnostics
represented by the development of dynamic CT, the value of low-specificity AFP testing has
diminished. On the other hand, DCP and AFP lectin fraction (AFP-L3%) are both highly specific
(approximately 95%) and have come to be used broadly in Japan.
In surveillance, tumor markers are used to complement imaging tests. For instance, if tumor
marker levels exceed a certain threshold value during surveillance, yet no lesion is detected by
abdominal ultrasound, it has to be determined whether or not a more sensitive test such as
dynamic CT should be performed. Tumor markers used to make such determinations should have
a high positive likelihood ratio (the ratio that will increase post-test probability if positive).
The absolute value of a tumor marker can be thought as a substitute for the total tumor mass in the
liver or the entire body. An objective evaluation of the volume-reducing effect of treatment is
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possible with pre- and post-treatment tumor marker measurements, and such measurements are
considered to be useful especially when used with transcatheter arterial chemoembolization
(TACE). In addition, highly specific tumor markers can be used to determine the effectiveness of
curative therapies such as hepatectomy and/or local therapies on the basis of the extent of tumor
marker negativity. In Japan, measurement of these three tumor markers is covered by the National
Health Insurance, but this is not true in all other countries. Many contributions to the scientific
literature have been made by Japanese researchers in this area, and the majority of evidence has
been generated in Japan.

CQ8 Is it useful to measure two or more tumor markers for diagnosing HCC?

Recommendation
It is recommended to measure two or more tumor markers when diagnosing HCC (Grade A).



Background

In Japan, measurement of the following three tumor markers for HCC is covered by the National
Health Insurance: AFP, DCP, and AFP-L3%.
For diagnostic purposes, tumor marker measurements are used to obtain a definitive diagnosis or
as the trigger for the next process during surveillance. Because of current developments in
imaging diagnostics, tumor marker testing for HCC is not a requirement for definitive diagnosis.
On the other hand, if a certain threshold level is exceeded during surveillance, it is important to
determine how the post-test probability changes; therefore, it is recommended that the positive
likelihood ratio [=sensitivity/(1 − specificity)] be used as an indicator.


Scientific Statement

A systematic review was conducted using 17 research studies that examined HCC lesions
measuring ≤5 cm in terms of sensitivity, specificity, the diagnostic odds ratio, and the positive
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likelihood ratio. At a cut-off level of 20 ng/mL, the AFP sensitivity and specificity were 49%–71%
and 49%–86%, respectively, while at a cut-off level of 200 ng/mL, they were 8%–32% and
76%–100%, respectively. The integrated diagnostic odds ratios were 4.06 and 6.99, respectively,
and the positive likelihood ratios were 2.45 and 5.85, respectively. At a cut-off level of 40
mAU/mL, the DCP sensitivity and specificity were 15%–54% and 95%–99%, respectively, while
at a cut-off level of 100 mAU/mL, they were 7%–56% and 72%–100%, respectively. The
integrated diagnostic odds ratios were 21.31 and 6.70, respectively, and the positive likelihood
ratios were 12.60 and 4.91, respectively. The AFP-L3 fraction sensitivity and specificity at a
cut-off level of 10% were 22%–33% and 93%–99%, respectively, while at a cut-off level of 15%,
they were 21%–49% and 94%–100%, respectively. The integrated diagnostic odds ratios were
6.43 and 10.50 each, and the positive likelihood ratios were 4.89 and 13.10.
The diagnostic odds ratio was 6.29–59.81 when two tumor markers were used in combination,
which was higher than that when only one tumor marker was used (L3H000401) Level 1).
Studies conducted after the abovementioned systematic review include a cohort study conducted
in 372 patients with type C cirrhosis. During 2 years of follow-up observation in the study, HCC
was observed in 34 patients. The sensitivity of AFP alone was 61% at a cut-off level of 20 ng/mL.
However, in combination with AFP-L3% (cut-off level, 10%) and DCP (cut-off level, 7.5 ng/mL),
this sensitivity increased to 77% (L3F057722) Level 1). In a study of chronic hepatitis B
examining a group of 106 patients with HCC and a control group, cut-off values were set at 20
ng/mL for AFP and 40 mAU/mL forDCP, and the sensitivity was found to be 57.5% and 51.9%,
respectively. However, combining the two increased the sensitivity up to 78.3%. Specificity,
however, decreased from 88% for AFP and 97% forDCP to ≤85% (L3F058363) Level 1).
Measurement of two types of tumor markers for small HCC lesions minimizes any loss in
specificity and enhances test sensitivity.
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CQ9 Is tumor marker measurement an effective post-treatment indicator for HCC?

Recommendation
Measurement of post-treatment tumor marker levels in patients with elevated tumor marker levels
before treatment is an effective indicator of treatment outcome (Grade B).



Background

In cases of liver transplantation and hepatectomy, pathological evaluation can confirm complete
tumor removal, while imaging techniques can determine the treatment outcomes of percutaneous
ablation, TACE, and systemic chemotherapy, including that with molecular target drugs. Imaging
techniques are also used to evaluate the presence of residual cancer outside the liver or beyond the
range of resection after liver transplantation or hepatectomy. Determination of treatment outcome
using imaging techniques can be occasionally difficult because of changes associated with
treatment (AP shunt, lipiodol deposits, etc.). We investigated whether treatment outcomes
determined on the basis of tumor marker testing complemented those determined using imaging
techniques.
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Scientific Statement

In a study conducted for 416 patients treated with curative radiofrequency ablation (RFA, 70.7%),
of the three types of markers, AFP, DCP, and AFP-L3%, elevated levels of post-treatment AFP
and AFP-L3% (>100 ng/mL and >15%, respectively) were independent predictors of recurrence
(LF119061) Level 2a). In a study of 54 patients treated with RFA (72 treatments), a decrease in
AFP levels to less than the AFP half-life of 7 days served as a predictive indicator of relapse-free
survival that was independent of treatment outcome evaluation by diagnostic imaging
(L3F014342) Level 2a).
In a study of 125 patients who were treated with TACE or radioembolization therapy, a ≥50%
decrease in AFP levels was a regulatory factor of overall survival independent of outcomes
determined by imaging tests (L3F058023) Level 2a).
A study of 117 patients treated with systemic chemotherapy demonstrated that AFP responders,
defined as patients who experienced an AFP reduction of ≥20%, showed a favorable prognosis,
even though imaging techniques indicated stable disease (L3F014342) Level 2a). In a similar study
that examined 107 patients treated with systemic chemotherapy or molecular targeted therapy, an
AFP reduction of ≥50% was associated with a favorable prognosis (L3F006294) Level 2b).


Explanation

The key words “liver tumor” and “tumor markers” were used in a search of the literature, and four
cohort studies that examined pre- and post-treatment tumor marker levels were adopted.
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Section 3 Diagnostic Imaging



Introduction

Diagnostic imaging is an extremely valuable tool for the diagnosis of HCC, and the majority of
HCC cases can be definitively diagnosed using only diagnostic imaging.
Imaging tools used to diagnose HCC include ultrasound, computed tomography (CT), magnetic
resonance imaging (MRI), angiography, and nuclear medicine imaging. Furthermore, each of
these tests has their own characteristic features, and one test method can generate a large amount
of variation in image quality, depending on imaging parameters such as contrast agent use, type
and amount of contrast agent used, injection speed, timing of image acquisition, and slice
thickness. These differences result in major differences in the diagnostic performance of HCC.
When setting up the conditions for image acquisition, differences in device performance can also
have a major influence.
The performance of diagnostic imaging equipment has advanced rapidly in recent years. In
addition, advancements have been made in ultrasound image construction, such as Doppler and
harmonic imaging, together with rapid progress in the application of contrast agents and
three-dimensional (3D) data. CT imagery has advanced with the development of continuously
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rotating CT (helical or spiral CT), multi-detector row CT (MDCT), and area-detector CT that can
scan the entire liver in <1 s. Scan speed and spatial resolution have dramatically improved;
furthermore, new applications of contrast medium by changing the X-ray tube voltage are
emerging. There have been dramatic improvements in MRI equipment in addition to
contrast-enhanced dynamic testing (dynamic study) using rapid MRI with parallel imaging.
Density resolution and temporal resolution have also improved because of advancements in the
clinical application of hepatocyte-specific contrast agents such as Gd-EOB-DTPA and
diffusion-weighted imaging. In terms of angiography, techniques using digital subtraction
angiography (DSA) have further increased performance levels, and new possibilities have
emerged with the development of CT-like imaging and 3D images generated by rotating flat-panel
detectors. In the field of nuclear medicine, tests using fluorodeoxyglucose positron emission
tomography (FDG-PET) have come to play an important role in the detection and staging of
malignant tumors. Combined PET and CT scanning, in particular, is increasingly viewed as being
useful.
The environment surrounding diagnostic imaging has grown increasingly diverse and complicated
with the rapid advancements in diagnostic imaging equipment. In this environment, we have
investigated methods to effectively and accurately use diagnostic imaging. Studies related to
diagnostic imaging for HCC were selected from scientific research articles published between the
year of publication of the previous edition and 2011. An abstract for each high-quality article was
prepared, and suggestions on how to proceed with diagnostic imaging were made on the basis of
such abstracts.

CQ10 What are the best tests for diagnosing early-stage HCC in patients with cirrhosis?

Recommendation
Gd-EOB-DTPA-enhanced MRI is a very accurate diagnostic tool for the detection of early-stage
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HCC in patients with cirrhosis (Grade B).



Scientific Statement

When AFP levels gradually increase in patients with cirrhosis and a nodule/s is/are detected on
ultrasound, HCC is suspected (LF104831) Level 3). When cirrhosis is the underlying disease,
however, the sensitivity of noncontrast-enhanced ultrasound is low for differentiating
hypovascular well-differentiated HCC from dysplastic nodules (LF018672) Level 1).
Contrast-enhanced ultrasound may be implemented for screening purposes after
noncontrast-enhanced ultrasound, which facilitates the procurement of real-time images and
evaluation of microangiogenesis (L3F037633) Level 1). Dense staining in the arterial phase and
washout during the portal venous/equilibrium phases are critical findings of HCC on CT and MRI
using extracellular contrast agents. The sensitivity of blood flow detection in the arterial phase is
higher with dynamic CT or contrast-enhanced ultrasound (LF100264) Level 1). However,
intranodular blood flow is detected with greater sensitivity when contrast-enhanced ultrasound and
dynamic CT are used together than when these modalities are used alone (L3F030805) Level 1).
Nevertheless, the detection of small HCC during the equilibrium phase on dynamic CT is also
important (L3F030376) Level 1). MRI is fundamentally an imaging technique with high tissue
contrast, and despite the fact that the high tumor-to-liver contrast can be achieved with
noncontrast-enhanced testing, qualitative diagnosis of liver tumors is limited. Qualitative
diagnosis of the hepatic tumor is therefore required on the basis of blood flow data obtained with
extracellular contrast agents and hepatocyte-specific contrast agents as well as information
regarding Kupffer cell function and hepatocyte function. It has been reported that dynamic MRI
using extracellular contrast agents is not very sensitive for detecting HCC lesions measuring <2
cm (LF062007) Level 1). On the other hand, although enhancement patterns observed on
superparamagnetic iron oxide (SPIO)-enhanced MRI are useful for differentiating dysplastic
nodules from HCC, it is difficult to differentiate between dysplastic nodules and hypovascular
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well-differentiated HCC lesions in some cases (L3F030638) Level 1). The drawback of performing
only SPIO-enhanced MRI is that tumor blood flow data cannot be obtained. However,
double-contrast MRI (DC-MRI), which concurrently uses an extracellular contrast agent in
dynamic MRI to obtain blood flow data, can be used. Nevertheless, Gd-EOB-DTPA-enhanced
MRI is believed to be more beneficial for HCC detection (L3F029689) Level 1).
Gd-EOB-DTPA-enhanced MRI is an excellent diagnostic tool for diagnosing HCC (L3F0287910)
Level 1) and is superior in detecting HCC compared with dynamic CT (L3F0293911) Level 1).
ROC analysis was performed to evaluate the diagnostic performances of dynamic CT and
Gd-EOB-DTPA-enhanced MRI against 30 nodules that were histologically diagnosed as
early-stage HCC in patients with cirrhosis. The results revealed that Az values, sensitivity, and
negative predictive values for Gd-EOB-DTPA-enhanced MRI (0.98–0.99, 94%–97%, and
96.8%–98.1%, respectively) were significantly higher than those for dynamic CT (0.87,
58%–68%, and 80.7%–84.4%, respectively; L3F0338012) Level 1).
In addition, definitive diagnosis cannot be made for small, hypovascular lesions that appear as
low-signal intensity areas during the hepatobiliary phase on Gd-EOB-DTPA-enhanced MRI.
However, a portion of these lesions occasionally develop into hypervascular HCC lesions
(L3F0298913) Level 4, L3F0299514 Level 1, L3F0297715) Level 3). If the diameter of the
hypovascular nodule is ≥1 cm and/or contains fat, the risk of hypervascularization is high
(L3F0304316) Level 3). At present, only one study has used Gd-EOB-DTPA-enhanced MRI in
patients who underwent hepatectomy to differentiate histologically identified early-stage HCC
lesions from dysplastic nodules, and it demonstrated the extremely high differentiation capability
of this modality (L3F0338012) Level 1). On the basis of the above findings,
Gd-EOB-DTPA-enhanced MRI can detect HCC (particularly in the early stages) and
hypovascular lesions at a high risk of hypervascularization with great sensitivity. This techqniue is
also more sensitive in detecting HCC compared with dynamic CT, and it may be able to
differentiate between dysplastic nodules and early-stage HCC lesions. It is therefore a highly
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capable diagnostic tool for detecting early-stage HCC in patients with cirrhosis.


Explanation

To demonstrate the efficacy of surveillance for HCC, early-stage HCC must be discovered during
regular screening. Consequently, it is necessary that more highly curative therapies be
implemented and prognosis be improved. In general, early-stage HCC is often recognized initially
as a nodular, hypovascular, well-differentiated HCC measuring ≤2 cm with unclear borders.
Histologically, interstitial infiltration is considered to be critical. However, as of this time, only one
study using Gd-EOB-DTPA-enahced MRI histologically verified early-stage HCC. Furthermore,
the concepts of early-stage HCC imaging have yet to be unified; therefore, comparison of different
studies is difficult.
Imaging techniques such as ultrasound, CT, and MRI are normally used for HCC screening. If
nodules are detected by ultrasound, intranodular blood flow can be evaluated by dynamic
CT/MRI. This utilizes the differences generated in arterial blood flow and portal venous blood
flow between the liver nodule and surrounding liver parenchyma because of the multistage
development of HCC. However, high-grade dysplastic nodules either exhibit a heterogeneous
increase in hepatocyte density that is at least double that of the surrounding liver tissue or posess a
slightly atypical structure. There is some overlap in the diagnosis of early-stage HCC and
dysplastic nodules according to intranodular blood flow evaluation, and the ability to differentiate
the two using diagnostic imaging is limited.
In these circumstances, a hepatocyte-specific contrast agent that is incorporated into hepatocytes
(Gd-EOB-DTPA contrast agent) was approved for clinical use in January 2008. Blood flow data
from the arterial and portal venous phases can be obtained using Gd-EOB-DTPA-enhanced MRI
as a dynamic test, which is similar to testing with extracellular contrast agents. Images acquired
10–20 min after contrast agent injection, a period known as the hepatobiliary (enhanced) phase,
are useful for HCC detection, including early-stage HCC detection, because such images are
created on the basis of differences in contrast enhancement due to differences in hepatocyte
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function. However, if patients with cirrhosis who develop marked changes in the liver
parenchyma (reduced hepatocyte function), parenchymal contrast enhancement can be insufficient,
leading to poor detection of HCC (false negative result). Therefore, caution is required. Because
MRI has poor throughput compared with CT (longer test duration), there are limits to testing large
numbers of patients with Gd-EOB-DTPA-enhanced MRI as part of an HCC screening program.
On the other hand, contrast-enhanced ultrasound (Sonazoid® and Levovist®) is an imaging test
that can simultaneously evaluate Kupffer cell function and blood flow in hepatic nodules.
Contrast-enhanced ultrasound can be used to evaluate vascular phase (arterial phase)
hemodynamics in hepatic nodules and the degree of contrast uptake during the post-vascular
phase (Kupffer phase). This method is useful because of the sensitivity of blood flow evaluation
and real-time determination of Kupffer cell function. However, performing the test can be
complicated; therefore, a proficient operator is required. For this reason, there are a limited
number of institutions that can currently conduct this test.
Therefore, effective diagnosis of early-stage HCC involves the following steps in sequence: 1)
hemodynamic evaluation of hepatic nodules using conventional dynamic CT/MRI to detect
early-stage HCC, 2) identifiying the patient group, and evaluation of hepatocyte function in
hepatic nodules using Gd-EOB-DTPA-enhanced MRI. Contrast ultrasound can be an option for
diagnosis; however, a consensus regarding its effectiveness in early-stage HCC detection has not
been reached till date.
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CQ11 What are the best tests for diagnosing typical HCC in high-risk patients?

Recommendation
Dynamic CT, dynamic MRI, or contrast-enhanced ultrasound is recommended to diagnose typical
HCC (Grade A).



Background

Noncontrast-enhanced ultrasound used for screening high-risk patients tend to have low
sensitivity [60.5% (95% confidence interval: 44%–76%)] and high specificity [96.9% (95%
confidence interval: 95%–98%)] (LF100921) Level 1). If a 1–2-cm nodule is detected by
ultrasound in a patient with cirrhosis, and if contrast-enhanced ultrasound, CT, or MRI reveals a
pattern typical of HCC, then the diagnosis of HCC is definitive (L3F030952) Level 2a). Within the
scope of our literature search, there are no reports that comprehensively compared the diagnostic
performance of these methods; therefore, we have described the diagnostic performance of each
test.


Scientific Statement

The sensitivity of dynamic CT using MDCT is 73% at a slice thickness of 5 mm, and the positive
predictive value is 69%. Changing the thickness to 2.5 mm does not significantly improve the
detection sensitivity (LF057113) Level 1).
Diagnostic performance was improved with Gd-EOB-DTPA (EOB/Primovist®)-enhanced MRI
when the hepatobiliary phase was added to dynamic studies (L3F032164) Level 1). The resulting
sensitivity exceeded that of dynamic CT (L3F033105) Level 1, L3F031256) Level 1, L3F028797)
Level 1) and noncontrast-enhanced MRI (L3F029398) Level 1). No differences in positive
predictive values, negative predictive values, and reproducibility of results were observed between
Gd-EOB-DTPA-enhanced MRI and dynamic CT. However, Gd-EOB-DTPA-enhanced MRI
demonstrated excellent performance in detecting HCC lesions measuring ≤1 cm (L3F034349)
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Level 1, L3H0000110) Level 1).
When SPIO-enhanced MRI using ferucarbotran (Resovist®), a type of SPIO agent, was compared
with dynamic CT, there was no significant difference when a 1.5-T MRI scanner was used
(LF1004511) Level 1, LF1095612) Level 1), although SPIO-enhanced MRI was slightly superior
(L3H0001313) Level 1). When a 3.0-T MRI scanner is used, the sensitivity of SPIO-enhanced MRI
is high because it is more capable of detecting small HCC lesions measuring 1 cm or less
(L3F0330614) Level 1). When SPIO-enhanced MRI and Gd-EOB-DTPA-enhanced MRI were
compared, the sensitivity achieved with Gd-EOB-DTPA-enhanced MRI was higher when 1.5-T
MRI scanners were used (L3F0331215) Level 1). Moreover, the results were identical when a
3.0-T MRI scanner was used (L3F0332316) Level 1). The sensitivity of diffusion-weighted MRI is
45%–55%; therefore, diagnosis using this technique alone is difficult. However, because the
specificity is 92%–100% (L3F0326417) Level 1), pairing the test with Gd-DTPA-enhanced MRI
(L3F0318618) Level 1), Gd-EOB-DTPA-enhanced MRI (L3F0335019) Level), or SPIO-enhanced
MRI (L3F0335520) Level 1) is useful for differentiating between benign and malignant lesions.
Sonazoid® contrast-enhanced ultrasound can detect tumor blood flow in the early vascular phase
in 88% lesions exhibiting early-phase staining on dynamic CT and 28% lesions without
early-phase staining. Kupffer imaging can detect 83% lesions with washout on dynamic CT;
however, the detection rates decrease for lesions measuring ≤ 2 cm and/or lesions located 9 cm or
deeper from the body surface (L3F0334121) Level 3).
Studies using SonoVue®, a second-generation contrast agent (not yet approved in Japan) that is
similar to Sonazoid®, have shown that the sensitivity is 80% when HCC is diagnosed on the basis
of early-phase staining and washout (L3F0318422) Level 1). This sensitivity is higher than the 29%
achieved with noncontrast-enhanced ultrasound, and this technique is useful regardless of lesion
size or location depth (L3F0318422) Level 1). When dynamic CT is combined with
contrast-enhanced ultrasound, the sensitivity is 97%, which is better than that of dynamic CT
alone (87%–88%) or contrast-enhanced ultrasound alone (71%–74%) (L3F0308023) Level 1).
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Explanation

When comparing the pros and cons of imaging techniques for lesion detection, specificity as well
as sensitivity must be considered; however, the results must be interpreted with caution because
these terms are defined differently depending upon the study. What we would like to know at this
time is the sensitivity and specificity per nodule. However, a true negative result cannot be
uniquely defined when examining at the per-nodule level; therefore, the specificity inevitably
changes depending on arbitrary definitions set by the authors, making it difficult to perform an
objective comparison. On the other hand, although per-patient analysis is more sensitive than
per-nodule analysis, specificity can be uniquely defined and the pros and cons can be compared
between tests. Recently, articles using per-segment analysis occupying the middle ground between
either method have been occasionally encountered. However, one should be aware that sensitivity
is lower and specificity is higher with per-segment analysis than with per-patient analysis.
In recent years, both CT and MRI capable of performing high-quality dynamic studies have come
to be widely used. This CQ cited the study results of dynamic CT scans using MDCT scanners
and the results of dynamic MRI using 1.5- or 3.0-T scanners. Both dynamic CT and dynamic MRI
are typically highly sensitive in detecting hypervascular HCC; therefore, both techniques should
be used for diagnosis. At present, comparisons of MRI and CT have shown that both are nearly
equivalent or that MRI is superior. Considering that HCC patients require repeated testing and that
both techniques have nearly equivalent detection capabilities, dynamic MRI is preferred because
of the decreased radiation exposure. Furthermore, Gd-EOB-DTPA-enhanced MRI hepatobiliary
phase imaging and diffusion-weighted imaging can be performed using the same test, contributing
greatly to lesion detection and qualitative diagnosis. On the other hand, CT has the benefit of
simultaneous examination of extrahepatic organs and evaluation of ascites. Because patients with
decreased renal function should not receive iodinated contrast agents or Gd-based contrast agents,
SPIO-enhanced MRI is valuable to a certain extent. Abdominal ultrasound cannot thoroughly
assess the entire hepatic region, resulting in low sensitivity. However, it can certainly be useful as
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a highly specific supplemental test. The second-generation ultrasound contrast agent Sonazoid®
can be used independent of renal impairment, and serious pseudoallergic reactions develop less
frequently with this agent than with iodinated contrast agents and Gd-based contrast agents
(L3F0341124) Level 6). Although contrast-enhanced ultrasound is objectively inferior to CT and
MRI, information on blood flow and hepatocyte function can be obtained; therefore, it is useful
for qualitative diagnosis of pre-existing space-occupying lesions in the liver.
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CQ12 Is angiography necessary before HCC treatment?

Recommendation
Angiography is not recommended for HCC diagnosis (Grade D).



Scientific Statement

The diagnostic performances of angiography, CT, and MRI were compared on a per-lesion basis
for hypervascular HCC, and the sensitivity of lesion detection by angiography was determined to
be 33-77% (LF121031) Level 1, LF004742) Level 1, LF100303) Level 1), and by size was > 2 cm;
100%, 1-2 cm; 38%, 1 cm; 12% (LF121031) Level 1).
The detection sensitivity of dynamic CT was 53.8-78.6% (LF020014)Level 1, LF105465)Level 1,
LF103716)Level 1, LF100237)Level 1, LF057738)Level 1, LF100519)Level 1), and that of Gd
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dynamic MRI was nearly identical at 55-76.9% (LF0620010)Level 1, LF100237)Level 1,
LF105465)Level 1, LF020014)Level 1), with a slightly higher sensitivity compared with that of
angiography. For lesions measuring >2 cm, the sensitivities of both modalities were increased,
with that of CT being 82-100% (LF057738)Level 1, LF103716)Level 1, LF100237)Level 1,
LF105465)Level 1) and that of MRI being 80-100% (LF0620010)Level 1, LF100237)Level 1,
LF105465)Level 1). For lesions measuring 1-2 cm, the sensitivity of CT was 33.3-65%
(LF103716)Level 1, LF105465)Level 1) and that of MRI was 50-89% (LF0620010)Level 1,
LF105465)Level 1). Therefore, the sensitivity of MRI was equivalent to or higher than that of CT.
For lesions measuring <1 cm, CT findings varied greatly at 0-45.1% (LF103716)Level 1,
LF105465)Level 1, LF100519)Level 1). Therefore, a comparison of sensitivity between CT and
MRI (33-34%) (LF0620010)Level 1, LF105465)Level 1) was difficult.


Explanation

In recent years, with advancements in CT and MRI, the diagnostic performance of dynamic CT
and dynamic MRI for cases of hypervascular HCC have surpassed that of angiography. Therefore,
considering the invasive nature of angiography, it is recommended that angiography should not be
performed for the locational diagnosis of HCC. In addition, vascular anatomy prior to surgery can
be easily visualized using 3D vascular reconstructed images obtained with the latest MDCT
scanner; therefore, angiography is rarely needed.
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CQ13 Is CTAP/CTHA necessary before HCC treatment?

Recommendation
Lesions are more easily detected with CT during arterial portography (CTAP)/CT during hepatic
arteriography (CTHA) than with noninvasive imaging tests such as dynamic CT and dynamic
MRI. These methods should be considered when more accurate staging is desired (Grade B).



Scientific Statement

Articles comparing the combination of CTAP and CTHA with combinations of non-invasive test
methods such as MDCT and SPIO-enhanced MRI demonstrated that the lesion detection
capability of combined CTAP/CTHA testing was equivalent to or greater than that of noninvasive
test methods (L3F033131) Level 1, L3F034702) Level 1). CTAP and CTHA were particularly
better at detecting small lesions measuring ≤1.5 cm (L3F034702) Level 1, L3F035383) Level 1,
L3F034944) Level 2a). However, angiography must be performed in order to conduct CTAP and
CTHA, and because of its invasive nature, some believe that this procedure should be considered
only when microlesions need to be detected and accurate staging is required (L3F031535) Level 1,
L3F030556) Level 3).
The combination of CTAP and CTHA exhibited the most effective detection of nodule-in-nodule
type (hypovascular nodules with hypervascular foci) early-stage HCC, followed by dynamic
MDCT. Dynamic MDCT is therefore recommended for follow-up monitoring of
nodule-in-nodule type early-stage HCC (L3F031107) Level 1).


Explanation

Compared with a combined noninvasive test using MDCT or SPIO-enhanced MRI, the combined
CTAP/CTHA test shows superior detection of small HCC lesions measuring ≤1.5 cm, such as
nodule-in-nodule type, early-stage HCC. Because invasive testing such as angiography is
necessary, one must determine whether testing is indicated.
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Angiographic equipment with C-arm CT function has come to be widely used in recent years, and
detectors in such angiography equipment rotate around the patient to generate a CT-like
cross-sectional image. The applications of C-arm CTHA (L3F032918) Level 1) and CTAP
(L3F035209) Level 2a) have also been examined. In the future, when angiography is performed for
TACE or hepatic arterial infusion, C-arm built-in CT devices may easily enable the acquisition of
cross-sectional images that are equivalent to those obtained by conventional CTAP/CTHA.
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CQ14 What test methods are useful for diagnosing liver tumors in patients with decreased
kidney and liver functions?

Recommendation
Noncontrast MRI with diffusion-weighted imaging and ultrasound using Sonazoid® are useful
techniques that can be safely performed in patients with impaired kidney or liver function and are
therefore recommended (Grade B).
When conducting dynamic CT and dynamic MRI in patients with renal impairment, if the eGFR
is 30–60 mL/min/1.73 m2, Gd-EOB-DTPA-enhanced MRI can be performed. For an estimated
glomerular filtration rate (eGFR) of <30 mL/min/1.73 m2, MRI with SPIO can be considered, and
dialysis patients may undergo MRI with SPIO or dynamic CT (Grade C1).
There is an insufficient amount of research on the selection of appropriate test methods and
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contrast agents for contrast-enhanced CT/MRI in patients with liver impairment equivalent to
Child–Pugh class C.



Scientific Statement

Although diffusion-weighted images cannot surpass dynamic MRI, some of their applications
have been shown (L3F031611) Level 1, L3F031852) Level 1). The ultrasound contrast agent
known as perfluorobutane microbubbles (Sonazoid®) and the liver-specific MRI contrast agent,
SPIO (Resovist®), do not affect renal function and are not known to exacerbate the adverse effects
associated with renal dysfunction (see attached document).
In dialysis patients, the clearance of Gd-EOB-DTPA (EOB; Primovist®) is significantly decreased;
at the same time, enhancement is also decreased (L3F037503) Level 2b). Therefore, its use is not
recommended. There is an insufficient amount of research on the selection of appropriate contrast
agents and test methods on the basis of eGFR for dynamic CT or dynamic MRI in patients with
decreased renal function.
Enhancement is decreased in the hepatobiliary phase when Gd-EOB-DTPA is used in patients
with decreased liver function (L3F037744) Level 1, L3F038115) Level 3), and enhancement is also
diminished during the so-called Kupffer phase with SPIO (L3H000326) Level 3). There is an
insufficient amount of research on the selection of dynamic CT or MRI for patients with
decreased liver function categorized as Child–Pugh class C; therefore, it is difficult to make even a
provisional recommendation.


Explanation

The use of iodinated contrast agents and Gd contrast agents is restricted in patients with decreased
renal function, and the enhancement effects of Gd-EOB-DTPA and SPIO are decreased in patients
with decreased liver function. Therefore, testing options are limited and diagnostic performance is
decreased in patients with decreased kidney or liver function.
An itemized discussion of the risks associated with the use of iodinated and Gd contrast agents in
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patients with decreased renal function detracts from the purpose of these guidelines; therefore,
other guidelines are merely cited. Patients with decreased renal function and an eGFR of <60
mL/min/1.73 m2 are at an increased risk of developing contrast-induced nephropathy from the use
of iodinated contrast agents (http://www.esur.org/guidelines/en/index.php). When risk factors such
as diabetes mellitus, dehydration, congestive heart failure, gout, age ≥ 70 years, and use of
nonsteroidal anti-inflammatory drugs (NSAIDs) are added, the risk is thought to increase even
further.
The risk of developing Gd-induced nephrogenic systemic fibrosis (NSF) is increased in patients
with decreased renal function (“Guidelines for the use of gadolinium contrast agents in patients
with kidney impairment;” http://www.radiology.jp/modules/news/article.php?storyid=773).
Therefore, dialysis patients, acute renal failure patients, and patients with chronic kidney disease
and an eGFR of <30 mL/min/1.73 m2 are, as a general rule, not administered extracellular Gd
contrast agents or Gd-EOB-DTPA. After investigating the risks and benefits, if Gd contrast agents
must be used by necessity, the use of gadopentetate dimeglumine (Magnevist®) and gadodiamide
(Omniscan®) should be avoided because they have often been associated with NSF onset.
An insufficient amount of research has been conducted on the use of eGFR for the appropriate
selection of contrast agents and test methods during dynamic CT or dynamic MRI for further liver
testing in patients with renal impairment. Therefore, the recommendation given in these guidelines
is only provisional. Considering that patients with an eGFR of 30–60 mL/min/1.73 m2 are not at a
very high risk of developing NSF, Gd-EOB-DTPA-enhanced MRI is recommended for these
patients because of its high diagnostic performance. In patients with an eGFR of <30 mL/min/1.73
m2, the risk of developing NSF increases, and it is difficult to determine whether Gd-EOB-DTPAor SPIO-enhanced MRI should be recommended. However, because the Gd-EOB-DTPA package
insert states “avoid using this drug,” and because it is likely to be frequently administered,
SPIO-enhanced MRI is recommended. It is recommended that dialysis patients avoid Gd contrast
agents and that SPIO-enhanced MRI or dynamic CT be selected depending upon the situation at
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the medical institution. It is thought that diffusion-weighted and T2-weighted imaging will
become more important than usual for patients with decreased kidney and liver function.
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CQ15 How should contrast media be used for the diagnostic imaging of HCC?

Recommendation
When evaluating hypervascular HCC, rapid injection of the contrast agent and optimal timing of
image acquisition are recommended (Grade A).
When evaluating hypovascular nodules, it is recommended that images be obtained during the
hepatobiliary phase using a hepatocyte-specific contrast agent (Grade A).



Scientific Statement

It has long been known that studies using CTHA showed increased arterial blood flow in clinically
malignant HCC lesions compared with that in the surrounding liver tissue (LF062091) Level 3).
Furthermore, ultrasound angiography using CO2 has shown that nodules with increased arterial
blood flow have a mean tumor volume doubling time of 70 days. In contrast, nodules with poor
arterial blood flow have a mean tumor volume doubling time of 370 days; therefore, hypovascular
tumors grow slower (LJ033682) Level 3). Furthermore, studies using CTHA and CTAP have
shown that the degree of histological differentiation, from dysplastic nodules to well-differentiated
HCC and moderately to poorly differentiated HCC, was correlated with changes in tumor blood
flow, reflecting the multistage development of HCC (LF062043) Level 2a, LF057244) Level 2a).
Such HCC lesions with increased arterial blood flow will likely be a major target of diagnosis and
treatment in the future.
The increased diagnostic rate for hypervascular HCC has been achieved in dynamic studies using
iodinated contrast agents with CT and extracellular Gd contrast agents with MRI. In a study based
on initial-stage angiography findings, 88% patients were diagnosed using a combination of
precontrast and arterial phase CT (LF025385) Level 1). A subsequent study revealed that addition
of the delayed phase to the arterial phase increased the diagnostic rate of CT (LF057106) Level 1).
Among the multitude of imaging methods that can possibly be used with MRI, the clinical
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application of dynamic studies remain high, and the arterial phase is extremely important for the
detection of hypervascular HCC (LF058397) Level 1).
It is recommended that the required injection time for all contrast agents be fixed in order to
minimize individual variations in the ideal timing of arterial phase image acquisition (LF120828)
Level 2a). Some reports mentioned that the bolus tracking method and double arterial phase
imaging performed during the early and late arterial phases were useful for improving the
detection rate of hypervascular HCC (LF062019) Level 1, LF1095910) Level 3).
Gd-EOB-DTPA became available for use in Japan in January 2008, and it is characteristically
incorporated in hepatocytes. Therefore, information about hepatocyte function can be obtained in
addition to blood flow data acquired with conventional, extracellular Gd-based contrast.
Gd-EOB-DTPA-enhanced MRI imaging during the hepatobiliary phase is an excellent assessment
method for early-stage HCC, including hypovascular nodules (L3F0338011) Level 1, L3F0291412)
Level 2a).
SPIO used in MRI is taken up by reticuloendothelial cells, which results in decreased signal
intensity in the liver parenchyma. Diagnosis is determined when reticuloendothelial cells are
absent in the tumor area and when there is no decrease in signal intensity. This SPIO-enhanced
MRI reportedly shows that differentiation of HCC is strongly correlated with SPIO uptake
(LF0620213) Level 3).
Outside Japan, double-contrast-enhanced MRI is used to acquire images with simultaneous
administration of SPIO and Gd-EOB-DTPA, and it is reportedly very useful. However, it is rarely
used in Japan (L3F0162514) Level 3, L3F0208215) Level 1).
The applications of microbubble contrast-enhanced ultrasound testing have been demonstrated.
Contrast-enhanced ultrasound testing significantly improves the diagnostic performance of HCC
lesions measuring ≤2 cm compared with noncontrast-enhanced ultrasound (L3F0318416) Level 1).


Explanation

Excluding early-stage disease, the majority of HCC lesions exhibit increased arterial blood flow
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within the tumor, and contrast agents are required during CT or MRI diagnosis. Knowledge of
lesion dynamics and contrast agents is essential, with the arterial phase being particularly critical.
The delayed phase also contributes to increasing diagnostic performance. Images are generally
acquired before contrast is administered and during three phases with contrast (arterial phase,
portal venous phase, and delayed phase). Of these phases, the portal venous phase contributes the
least to diagnosis. When performing such dynamic studies, rapid dynamic CT or high-speed MRI
scanners are the standard equipment. Autoinjectors must also be equipped for rapid injection of
contrast agents at 3 mL/s. In order to minimize individual variation in arterial phase image quality,
the total amount of contrast agent as determined by body weight must be injected for a set time
period, and images should be acquired 15 seconds after completing the injection. Alternatively, a
trigger mechanism may be used when the contrast reaches the [abdominal] aorta. When using
these contrast agents, on the assumption that contrast allergies may occur, it is required that tests
be thoroughly explained to the patient in advance and consent be obtained. Furthermore,
emergency procedures must be fully prepared in the event of a sudden change in the patient’s
condition.
Gd-EOB-DTPA became available for use in Japan in January 2008. Information about hepatocyte
function can be obtained when this contrast agent is used in combination with blood flow data
acquired in conventional dynamic studies. In general, 20 min after Gd-EOB-DTPA is
intravenously injected, Gd-EOB-DTPA particles are taken up by hepatocytes and increase the
signal intensity in the liver parenchyma, thereby improving contrast against the vessel interior and
the spleen. This temporal phase is known as the hepatobiliary phase, which has high detection
sensitivity for HCC, and its applications have been widely reported. Furthermore, advances in
MRI imaging technology led to the development of high-resolution 3D images in dynamic liver
studies and may have contributed to the application of Gd-EOB-DTPA-enhanced MRI.
Gd-EOB-DTPA-enhanced MRI is equivalent or superior to dynamic MDCT in terms of HCC
detection capability (L3F0287917) Level 1, L3F0293918) Level 1, L3F0330519) Level 1,
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L3F0331020) Level 1). Even in comparison with SPIO-enhanced MRI, HCC diagnosis by
Gd-EOB-DTPA-enhanced MRI is superior (L3F0331221) Level 1, L3F0332322) Level 1).
Furthermore, the hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI is useful for
differentiating between HCC and hypervascular pseudolesions (AP shunts, etc.; L3F0312523)
Level 1).
When parallel imaging was performed with a 3.0-T MRI scanner, the diagnostic performance of
SPIO-enhanced MRI was superior to that of dynamic MDCT, while the sensitivity of SPIO-enhanced
MRI was particularly high for HCC lesions measuring ≤1 cm (L3F0330624) Level 1).
Contrast-enhanced ultrasound is superior to dynamic MDCT for the detection and qualitative
diagnosis of HCC tumor thrombi (L3F0337525) Level 1). Moreover, contrast-enhanced ultrasound
has greater sensitivity and diagnostic accuracy for detecting malignant lesions compared with
dynamic MDCT (L3F0326726) Level 1).
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CQ16 Are brain MRI, chest CT, bone scintigraphy, and FDG-PET necessary for
determining the stage of HCC?

Recommendation
Chest CT, bone scintigraphy, and FDG-PET scans can be recommended for HCC patients with
risk factors for extrahepatic metastases (Grade B).
It is worth considering a brain CT/MRI to search for brain metastasis in HCC patients with
neurological findings and lung metastasis (Grade C1).



Scientific Statement

The frequency of extrahepatic metastasis from HCC at initial onset is low at 1.0%–2.3%
(L3F059721) Level 2b, L3F007842) Level 2b). However, the frequency of extrahepatic metastasis
increases to 21% during post-therapy follow-up (L3F059443) Level 2a). The frequencies
according to site of metastasis are 6%–29% in the lungs, 5%–20% in the lymph nodes, 2%–10%
in the bones, 1%–10% in the adrenal glands, and 0.2%–0.6% in the brain (L3F059443) Level 2a,
L3F007842) Level 2b, L3H000044) Level 2a). Risk factors for extrahepatic metastasis are reported
to be advanced intrahepatic lesions, portal venous tumor thrombus, DCP levels ≥ 300 mAU/mL,
AFP levels > 100 ng/mL, platelet count ≤ 130×103/μL, no esophageal varix, and viral hepatitis
(L3F059555) Level 2b, L3F059443) Level 2a, L3F040556) Level 2b).
New metastasis that develops from a single HCC nodule measuring ≤5 cm or 2–3 HCC nodules
measuring ≤3 cm is rarely detected even when chest CT or bone scintigraphy are performed to
search for metastasis. As a more likely outcome, the loss resulting from false positive results can
pose a problem (LF111467) Level 2b).
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Bone metastasis from HCC is generally osteolytic, and approximately half the metastasis sites are
located in the vertebrae (L3F059721) Level 2b). When conducting a systemic evaluation for HCC
bone metastasis, bone scintigraphy (LF105068) Level 1) and FDG-PET (L3F013719)Level 1,
L3F0419310) Level 1) are useful. FDG-PET is also useful for the systemic evaluation of other
types of extrahepatic metastasis (L3F0336411) Level 1) however, the sensitivity for the detection of
brain metastasis is low (L3F013719) Level 1, L3F0419310) Level 1).
The frequency of brain metastasis from HCC is low (L3F059443) Level 2a, L3F0396812) Level 5,
L3F007842) Level 2b, L3H000044) Level 2a), and nearly all brain metastases are concomitant with
lung metastasis (L3F059721) Level 2b).


Explanation

The presence or absence of extrahepatic metastasis is a critical factor for determining whether
local therapy is indicated for HCC. There is little significance of an aggressive search for
extrahepatic metastases from single HCC lesions measuring ≤5 cm or 2–3 lesions measuring ≤3
cm. If one is treating an HCC patient with risk factors for extrahepatic metastasis, however, it does
appear valid to search for metastases before administering local therapy to common sites of
metastases.
Chest CT is the standard method for evaluating liver metastasis. If chest CT is used in addition to
abdominal dynamic CT, not only can intrahepatic lesions be evaluated, but also nearly all the
common sites of extrahepatic metastases can be covered.
Bone scintigraphy is useful for the systemic evaluation of bone metastases from HCC. However, a
known shortcoming is the occasional low accumulation of tracer with bone metastases. It is hoped
that FDG-PET will be useful for the evaluation of bone metastases with low tracer accumulation.
With PET-CT, it may be possible to evaluate the risk of compression fracture and spinal stenosis
in addition to liver metastases. Evidence is insufficient, however, for a direct comparison of the
diagnostic performances of bone scintigraphy and FDG-PET in terms of bone metastases from
HCC. FDG-PET is an excellent diagnostic tool for detecting extrahepatic metastasis from HCC,
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including bone metastases, and it may be appropriate to proactively perform FDG-PET in patients
with elevated tumor marker levels that cannot be accounted for by the presence of abdominal
lesions and/or lung metastasis alone.
Contrast-enhanced brain CT or MRI may be considered for the evaluation of brain metastasis in
patients with symptoms, neurological signs, or lung metastasis.
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CQ17 Does contrast-enhanced ultrasound improve the ability to diagnose HCC?

Recommendation
Contrast-enhanced ultrasound is useful for the differential diagnosis of liver tumors and the
differential and locational diagnoses of HCC (Grade B).
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Background

The Japanese Society of Ultrasonics in Medicine has revised its “Ultrasound Diagnostic Criteria
for Hepatic Tumors” (L3H000501)), and it is now recommended that Doppler and contrast
enhancement findings in addition to B-mode findings be examined for the qualitative diagnosis of
liver tumors.
As of January 2013, Sonazoid® is the only ultrasound contrast agent that is clinically available in
Japan. The first-generation contrast agent known as Levovist® (not currently manufactured) is
composed of air-filled microbubbles covered with palmitic acid, with no shell. Because Levovist®
is easily broken down during ultrasonography, an intermittent transmission method using high
acoustic pressure was generally used to enhance images. However, real-time imaging proved to be
difficult. Moreover, Kupffer images can only be acquired in one sweep scan in the post-vascular
phase. Sonazoid® is a second-generation contrast agent composed of insoluble gas
(perfluorobutane) microbubbles enclosed in a phospholipid shell, which became available for
clinical use in January 2007 in Japan. With low acoustic pressure ultrasound, the gas bubbles are
not easily broken, allowing for continuous image transmission, resulting in improved real-time
observation. With contrast-enhanced ultrasound, vascular images acquired immediately after
contrast administration are combined with Kupffer images generated when Sonazoid® is
phagocytosed by reticuloendothelial cells; these images are then used for liver tumor diagnosis.
However, although SonoVue® and Definity®, the second-generation contrast agents, are used
overseas (neither has been approved in Japan), they are used only for vascular imaging because
they are not phagocytosed by reticuloendothelial cells.


Scientific Statement

Contrast-enhanced ultrasound can be used to diagnose HCC with a sensitivity of 94%–100% and
a specificity of 91%–97% (L3F053442) Level 1, L3F053453) Level 1, L3F039014) Level 1,
L3F053895) Level 1, L3F053976) Level 1, L3F053987) Level 1, L3F030828) Level 1). Compared
with the diagnostic performance of dynamic CT, dynamic MRI, and SPIO-enhanced MRI, that of
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contrast-enhanced ultrasound is not considered inferior. Furthermore, it has been reported for
surveillance in patients with cirrhosis, and the contrast-enhanced group was found to be more
useful for diagnosing HCC compared with the B-mode-only group and the B-mode + AFP
measurement group [diagnostic accuracy was 72.0%, 90.3%, and 96.6%, respectively (p < 0.05);
L3F053839) Level 1]. In addition, Sonazoid® was found to be excellent for the detection and
diagnosis of intrahepatic lesions, even with intraoperative contrast-enhanced ultrasound. Not only
was staging determined correctly, but also diagnostic accuracy was improved (L3F0533910) Level
1, L3F0534311) Level 2a). Nevertheless, the diagnostic performance of contrast-enhanced
ultrasound tends to decrease as the depth of lesions increases and the size of lesions decreases to
<1 cm (L3F0534612) Level 1).
Defect reperfusion imaging is possible with contrast-enhanced ultrasound using Sonazoid®.
Defect reperfusion imaging is a method in which tumors appear as defects that are targeted for
repeat administration of Sonazoid®, which results in detailed visualization of tumor
hemodynamics. This method is useful for liver tumors that are difficult to identify in B-mode
(L3F0379113) Level 1).
It has been reported that new applications of contrast-enhanced ultrasound images, such as 3D and
real-time 3D (so-called “4D”) images, for the diagnosis of liver tumors and the relevant treatment
guidelines are underway (L3F0540314) Level 1, L3F0333915) Level 1).


Explanation

In this investigation, we examined studies on second-generation contrast agents, including
Sonazoid®, that could not be included in the previous edition (2009 edition) because they were
conducted beyond the specified search period.
Differential diagnosis of liver tumors using contrast-enhanced ultrasound is relatively easy when
typical hemodynamics are presented. Contrast-enhanced ultrasound using Sonazoid®, in particular,
is beneficial. Nevertheless, it is not easy to differentially diagnose low-grade dysplastic nodules
(LGDNs) that are thought to be hypovascular hepatic nodules, high-grade dysplastic nodules
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(HGDNs), and early-stage HCC. Portal venous blood flow is preserved in approximately
two-third of early-stage HCC patients, and Gd-EOB-DTPA-enhanced MRI is thought to capture
pathological changes in liver tumors earlier than contrast-enhanced ultrasound.
Although image quality and arithmetic processing capability have improved in both 3D and 4D
contrast-enhanced ultrasound, there remains room for improvement in terms of resolution and
real-time imaging. For this reason, these devices must be improved further before they can be
used widely in clinical settings.
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14) L3F05403 Luo W, Numata K, Morimoto M, Nozaki A, Ueda M, Kondo M, et al.
Differentiation of focal liver lesions using three-dimensional ultrasonography:retrospective
and prospective studies. World J Gastroenterol 2010;16(17):2109-19.
15) L3F03339 Luo W, Numata K, Morimoto M, Oshima T, Ueda M, Okada M, et al. Role of
Sonazoid-enhanced three-dimensional ultrasonography in the evaluation of percutaneous
radiofrequency ablation of hepatocellular carcinoma. Eur J Radiol 2010;75(1):91-7.

CQ18 Is contrast-enhanced ultrasound useful for determining the outcomes of
percutaneous ablation therapy and TACE?

Recommendation
Contrast-enhanced ultrasound is useful for visualizing areas with residual tumors (Grade B).



Background

The Response Evalution Criteria in Solid Tumors (RECIST; L3H000511), L3H000522)) is widely
used as criteria for determining the treatment outcomes for solid cancers. However, it is difficult to
use RECIST during the determination of treatment outcomes for HCC because lesions may
remain after treatment with curative therapies such as ablative therapy and TACE. For this reason,
modified RECIST (mRECIST) (L3H000463), L3F004874)), which incorporates tumor necrosis
evaluation, have been proposed in western countries for determining the treatment outcomes for
HCC. Meanwhile, the Response Evaluation Criteria in Cancer of the Liver (2009 revised edition;
L3H000476)) have been published in Japan as RECICL (L3H000287)), together with the “General

99/309

Rules for the Clinical and Pathological Study of Primary Liver Cancer (5th edition)”
(L3H000555)).


Scientific Statement

In this investigation, studies on second-generation ultrasound contrast agents, including Sonazoid®,
were examined.
*Determination of RFA outcome:
According to Ricci et al., a comparative study of contrast-enhanced ultrasound using SonoVue®
and dynamic CT as the gold standard revealed that the sensitivity, specificity, negative predictive
value, and positive predictive value of SonoVue® were 92.3%, 100%, 97.4%, and 100%,
respectively (L3F033738) Level 1). Kudo et al. reported that residual cancer can be easily indicated
by the defect reperfusion imaging procedure, and diagnosis of HCC was possible even for small
nodules that were not indicated on dynamic CT (L3F037919) Level 1).
Another study examined changes in tumor margins over time after RFA using B-mode imaging
(L3F0372410) Level 1), and the tumor margin detection rates at 1, 3, 4, and 5 days after RFA were
65.2%, 54.3%, 43.5%, and 39.1%, respectively. Tumors ablated by RFA tend to appear less clear
over time, and the timing for clearest detection was the following day. Even then, however, tumor
margins could be observed in only two-thirds of the patients, that is, safety margins were difficult
to evaluate in the remaining one-third patients.
*Determination of TACE treatment outcome:
Contrast-enhanced ultrasound has good sensitivity for the detection of remaining vascularity
within liver tumors and is useful for determining treatment outcomes and predicting recurrence
(LF0713011) Level 1, LF1081012) Level 1, L3F0026213) Level 1).


Explanation

Contrast-enhanced CT is generally used to determine treatment outcomes because the objective
evaluation of images, including tumor margins, and assessment of multiple nodules for treatment
are required for the assessment of treatment outcomes. Contrast-enhanced ultrasound, however,
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has many benefits, such as the absence of radiation exposure, and it can be used safely in patients
with iodine allergies or renal impairment. Therefore, depending on patient and tumor conditions,
contrast-enhanced ultrasound will continue to be selected for the evaluation of treatment outcome.
Because contrast-enhanced ultrasound offers excellent spatial, contrast, and temporal resolution,
even a small residual area of HCC will be well visualized as a hypervascular spot. For this reason,
small lesions that cannot be detected by CT because of the partial volume effect, such as residual
tumors after percutaneous ablation therapy, can be detected by contrast-enhanced ultrasound.
Furthermore, when additional therapies are performed, imaging procedures can become more
effective because lesions can be monitored during ablation with contrast enhancement. Moreover,
contrast-enhanced ultrasound can be used to assess the treatment outcome within a month of
completing treatment (LF1081012) Level 1, L3F0026213) Level 1), and although treatment outcome
assessment using TACE is conventionally recommended 1 month or more after treatment
completion, it is essential that treatment outcomes are assessed in the early stages in order to
continue aftercare without losing time.
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