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Abstract

BACKGROUND

The treatment of hepatitis C with direct-acting antiviral agents (DAAs) produces a high
rate of sustained virological response (SVR) with fewer adverse events than interferon
(IFN) therapy with a similar effect in inhibiting carcinogenesis as IFN therapy. The age-
male-albumin-bilirubin-platelets (aMAP) score is useful for stratifying the risk of
hepatocellular carcinoma (HCC) in chronic hepatitis patients, and the velocity of shear
waves (Vs) measured by shear wave elastography (SWE) has also been shown to be
useful for diagnosing the level of fibrotic progression in hepatitis C and predicting
carcinogenic risk. Combining these two may improve the prediction of carcinogenic
risk.

The treatment of hepatitis C with direct-acting antiviral agents (DAAs) produces a high
rate of sustained virological response (SVR) with fewer adverse events than interferon
(IFN) therapy with a similar effect in inhibiting carcinogenesis as IFN therapy. The age-
male-albumin-bilirubin-platelets (aMAP) score is useful for stratifying the risk of
hepatocellular carcinoma (HCC) in chronic hepatitis patients, and the velocity of shear
waves (Vs) measured by shear wave elastography (SWE) has also been shown to be

useful for diagnosing the level of fibrotic progression in hepatitis C and predicting




carcinogenic risk. Combining these two may improve the prediction of carcinogenic

risk.

AIM
To determine whether combining the aMAP score with Vs improves carcinogenic risk

stratification in medium-to-high-risk hepatitis C patients.

METHODS

This retrospective, observational study involved hepatitis C patients treated with direct-
acting antivirals (DAAs) who achieved sustained virological response (SVR). Vs was
measured before treatment (baseline), at the end of treatment (EOT), and 12 wk (follow-
up 12) and 24 wk (follow-up 24) after treatment. The patients were followed for at least
six months after EOT to determine whether cancer developed. Multiple regression
analysis was used to identify factors contributing to hepatic carcinogenesis. The
diagnostic performances of clinical parameters for predicting the presence of
hepatocellular carcinoma were evaluated using receiver-operating characteristic (ROC)
curve analyses.

RESULTS

A total of 279 patients (mean age 65.9 years, 118 males, 161 females) were included in
the analysis. Multiple regression analysis was performed with carcinogenesis as the
target variable and ALT, platelets, AFP, Vs, and the Fib-4 index as explanatory
variables; only Vs was found to be significant (P = 0.0296). The cut-off value for Vs for
liver carcinogenesis calculated using the ROC curve was 1.53 m/s. Carcinoma
developed in 2.0% (3/151) of those with Vs < 1.53 m/s and in 10.5% (9/86) of those
with Vs 21.53 m/s.

CONCLUSION




In hepatitis C patients after SVR, combining the aMAP score and Vs to stratify the risk

of carcinogenesis is more efficient than uniform surveillance of all patients.

INTRODUCTION

In the 279 hepatitis C patients who obtained SVR using DAA_treatment, HCC was
seen in 12 patients during the mean follow-up period of 33.8 mo. The number of people
in the medium-risk and high-risk groups stratified by the aMAP score was 237 (84.9% of
279), and this included all 12 patients who developed cancer (accuracy rate 5.1%). When
further stratification was done using a Vs cutoff value of 1.53 m/s, the number could be
narrowed down from 237 people to 86 people, and the diagnosis of HCC with an
accuracy rate of 10.5% was possible.

In hepatitis C patients after SVR, a strategy of combining the aMAP score and Vs and
stratifying the risk of carcinogenesis is more efficient than uniform surveillance of all

patients, and it is superior in terms of medical economics.

MATERIALS AND METHODS

In hepatitis C patients, changes in protein expression in hepatocytes as a result of
epigenetic changes are sustained even after SVR, and these changes are reportedly
involved in hepatocarcinogenesis 151, Therefore, identification of carcinogenesis risk
factors after SVR from DAA treatment and the development of a surveillance system
are issues to be addressed. To the best of our knowledge, this study reports the first
investigation of the utility of the combination of the aMAP score and SWE in stratifying
the carcinogenesis risk in hepatitis C patients after viral clearance.

The aMAP score was first proposed by Fan ¢f al, who investigated 17,347 chronic
hepatitis patients in a total of 11 cohorts, including 7 hepatitis B cohorts, 3 hepatitis C
cohorts, and 1 non-viral hepatitis cohort. They found that the low-risk group accounted
for 44%, the medium-risk group for 18%, and the high-risk group for 18%. However,
when they focused on 10,777 hepatitis C patients after SVR in that study, 21.4% were in




the low-risk group, 44.9% were in the medium-risk group, and 33.7% were in the high-
risk group 3l To reliably identify which patients will develop cancer, it is necessary to
conduct surveillance of two groups, the medium-risk group and the high-risk group,
and the total of these two groups makes up the majority (78.6%) of patients.

Shiha et al investigated the aMAP score in 1,995 hepatitis C patients after SVR, and
they reported that the low-risk group accounted for 12.0%, the medium-risk group
44.6%, and the high-risk group 43.4%. Thus, the total for the medium-risk group and
high-risk group was 88.0% [1°l. They considered that the aM AP score was very useful in
stratifying carcinogenesis risk in hepatitis C patients after SVR, and they also indicated
that it should be used in combination with another variable, such as liver stiffness
measurement (LSM) to further narrow down candidates. Fan ef al also agreed with this
1171, In this investigation, the number of patients was low, at 279, but the low-risk group
made up 15.1%, the medium-risk group 41.6%, and the high-risk group 43.4%. The
stratification results were similar to those of Fan et al and Shiha et al

In hepatitis C patients, ALT, platelets, and the Fib-4 index improve with DAA
treatment until follow-up 12, and they then remain about the same [8l. Vs also
improved from baseline until follow-up 12 in the present study, and it was confirmed
that, at follow-up 24, there was no significant difference. Liver stiffness as represented
by Vs is influenced not only by the degree of liver fibrosis, but also by
necroinflammatory activity [1% 20, Both inflammation and fibrosis of the liver contribute
to baseline Vs, after which Vs decreases with time as inflammation subsides with DAA
treatment. At the same time, it is reported to take 3 years for tissue fibrosis to improve
121, Therefore, Vs at follow-up 12 is thought to accurately reflect fibrosis of the liver.

There are no reports of the aMAP score over time before and after DAA treatment in
hepatitis C patients. In the present study, no significant fluctuation was seen in aMAP
scores from baseline to follow-up 24. According to Fan et al, who created the aMAP
score, these parameters are unlikely to be affected by normal DAA treatment [13], and

the results of the present study are in agreement.




Given this background, including the 237 patients from the medium-risk and high-
risk groups from the total of 279 patients, an investigation using the aMAP score at
follow-up 12 was conducted. To identify factors to combine with the aMAP score,
clinical parameters were compared between the carcinogenic and non-carcinogenic
groups, and there were significant differences in ALT, AFP, Vs, Fib-4 index, and
platelets. It has been demonstrated that advanced age, progression of liver fibrosis,
male sex, and high AFP levels are independent risk factors for hepatocarcinogenesis in
hepatitis C patients 222, but, as shown in Table 2, in the present investigation, there
were no significant differences in age or sex between the carcinogenic and non-
carcinogenic groups. This is conjectured to be because of the small number of patients
who developed cancer.

On multiple regression analysis with carcinogenesis as the target variable and the five
factors mentioned above as explanatory variables, a significant difference was seen only
in Vs. That is, Vs is judged to be the factor with the greatest effect on carcinogenesis in
the medium-risk and high-risk groups stratified by the aMAP score.

The cutoff value of Vs for carcinogenesis obtained using the ROC curve was 1.53 m/s.
When the medium-risk and high-risk groups were further stratified using this cutoff
value, it was possible to narrow the 237 people down to 86 people, and HCC could be
diagnosed in 9 people, with an accuracy of 10.5%.

With advances in DAA treatment, the number of hepatitis C patients who obtain SVR
is expected to continue to increase. Concentrated surveillance of patients selected for
higher carcinogenesis risk will be more efficient than uniform surveillance of all
patients after SVR. This is also desirable in terms of medical economics.

The parameters included in the aM AP score are very general items measured in usual
medical care, and they have high utility in actual clinical practice. With an aMAP score
<40, there is reported to be no carcinogenesis risk after SVR [, and it is thought that
decreasing the frequency of examinations and imaging tests can be considered in the
low-risk group. However, continued long-term investigation will probably be necessary

for predicting carcinogenesis in the low-risk group. Furthermore, more than half of




patients with a history of HCC may experience recurrence, and stratification of the risk
by the aMAP score across the board would probably be difficult [14]. These points will
need to be investigated further.

From a report by the authors, measurement of Vs with SWE was shown to be useful
in predicting the risk of carcinogenesis in hepatitis C patients [19. This is technically
simple and non-invasive and places little burden on the patients. A disadvantage,
however, is that it requires a special machine, so it cannot be performed at every
institution. Naturally, it would be preferable from the aspect of medical economics to
build an HCC surveillance system with a universal method that could be performed
even at primary facilities without the use of special equipment.

Even with the results of stratification with both the aMAP score and Vs, a diagnosis
could not be made in 3 of the 12 patients who developed cancer. Two were elderly
female patients who had very high Fib-4 index scores (4.31 and 5.15), but Vs was 1.45
m/s and 1.46 m/s, below the cut-off value in the present study of 1.53 m/s. Although
the data are not shown, the correlation coefficient between Vs and the Fib-4 index at
follow-up 12 of the 279 patients in this study was 0.4223, which is certainly not a high
correlation. Therefore, though the two diverge in more than a few cases, the reason for
this is not known. If either one is exceptionally high, carcinogenesis must be considered.

The other patient was a man with obesity and diabetes mellitus. Obesity and diabetes
mellitus are reported to be risk factors for carcinogenesis in hepatitis C patients [26:27].
There is also a report that, in patients with diabetes mellitus after SVR, metformin
reduces the risk of carcinogenesis [8]. Yamada et al reported that whether or not a
patient has diabetes mellitus is more significantly associated with carcinogenesis >4
years after SVR than well-known factors such as age and AFP (1,

The mean time from the end of treatment to carcinogenesis in these three patients
was long (57 mo). Since predicting carcinogenesis after 57 mo at the time of follow-up
12 is expected to be difficult, in patients with the characteristics noted above, close

surveillance without insistence on stratification by Vs may be necessary.




Limitations

patients were enrolled in this study, but only the data from 279 patients met the study’s

First, this was a retrospective study conducted at a single institution. A total of 292

inclusion criteria. Although multivariate analysis using a Cox proportional hazards
model would have been ideal for this kind of study, the number of events of
carcinogenesis was unfortunatelyéo small that multivariate analysis would not have
been appropriate. For this reason, multiple regression analysis was used to identify the
factors that contributed to hepatic carcinogenesis out of necessity.

Second, carcinogenesis after SVR is time-dependent. Comparing the carcinogenic and
non-carcinogenic groups, the observation period was longer in the carcinogenic group,
but the diffeﬁlce did not seem to be significant because of the small number in the

carcinogenic group.

RESULTS

A total of 292 patients were entered in this study. Six patients lost to follow-up and 7
whose observation periods were less than 6 mo were excluded, and thus 279 cases were
included in the analysis (Figure 1).

Table 1 shows the patients’ baseline chara&eristics. Their mean age was 65.9 years,
118 patients were male, and 161 were female. Mean ALT was 71.6 IU/L, and a moderate
elevation was seen. In contrast, total bilirubin, albumin, platelets, and prothrombin
activity were within normal ranges. Mean AFP was 8.46 ng/mL, mean Vs was 1.55 m/s,
mean Fib-4 index was 3.41, and mean aMAP score was 58.7. The mean time to
carcinogenesis was 33.8 £26.2 (6-85) months; hepatocellular cancer was seen in 12 of 279
patients.

Figure 2 shows the changes with time in the aMAP score and Vs from baseline to
follow-up 24. The aMAP score was 58.7 + 8.6 at baseline, 57.8 + 8.5 at EOT, 57.6 + 8.2 at
follow-up 12, and 57.5 + 8.2 at follow-up 24. No significant Eriations were seen at any
time (P = 0.1862, P = 0.7886, P = 0.8205). Vs was 1.55 + 0.25 m/s at baseline, 1.47 + 0.25
m/s at EOT, 143 + 0.24 m/s at follow-up 12, and 1.43 + 0.25 m/s at follow-up 24. It




tended to decrease with time from baseline to follow-up 12, but no significant difference
was seen between follow-ups 12 and 24 (P < 0.0001, P = 0.0004, P = 0.7814). Considering
these facts, the following investigation was done at the time of follow-up 12.

Figure 3 shows the aMAP score for each patient at follow-up 12. The number of
patients with aMAP scores <50 (low-risk group) was 42 (15.1% of 279), and none of the
patients in this group developed cancer during the follow-up period. The number of
patients with scores of 50-59 (medium-risk group) was 116 (41.5% of 279), and 2 (1.7%)
developed cancer. The number of patients with aMAP scores =60 (high-risk group) was
121 (43.4% of 279), and 10 of them (8.3%) developed cancer.

Table 2 shows the clinical parameters at follow-up 12 of the 237 people in the
medium-risk and high-risk groups. The average age was higher in the carcinogenic
group (n = 12) than in the non-carcinogenic group (n = 225), but no significant
difference was seen (p = 0.3371). Similarly, no siﬁ'lificant difference was seen in sex (p =
0.6835). ALT, AFP, Vs, and Fib-4 index were significantly higher in the carcinogenic
group than in the non-carcintﬁenic group (p=0.0166, p = 0.0049, P =0.0011, P = 0.0049,
respectively). Platelets were significantly lower in the carcinogenic group than in the
non-carcinogenic group (p = 0.0136). The mean time from the end of treatment to
carcinogenesis was 41.7 mo.

Table 3 shows the results of multiple regression analysis with carcinogenesis as the
target variable and ALT, platelets, AFP, Vs, and Fib-4 index as explanatory variables. Of
the five explanatory variables, a significant difference was seen only in Vs (P = 0.0296).
The cut-off value for Vs calculated using the ROC curve for liver carcinogenesis was
1.53 m/s. When the 237 people in the medium-risk and high-risk groups were stratified
using this cut-off value, carcinogenesis was seen in 3 people (2.0%) from the group with
Vs <1.53 m/s (n = 151) and in 9 people (10.5%) from the group with Vs 21.53 m/s (n =
86) (Figure 4).

Table 4 shows the clinical parameters at follow-up 12 of the 3 patients who developed
cancer from the group with Vs <1.53 m/s. One patient had obesity and diabetes

mellitus. The other two patients were elderly women, and though they did not have




obesity and diabetes mellitus, their Fib-4 indices were very high (4.31 and 5.15). The
time from the end of treatment to carcinogenesis in these 3 patients was 73, 38, and 60

mo (mean 57 mo).

DISCUSSION
Patien

This study was approved by the ethics committee of the Dokkyo Medical University
Saitama Medical Center. The analysis was performed using anonymized clinical data
obtained after all patients had provided informed consent for their treatment.
Therefore, patierﬁ were not asked to give written, informed consent for this study.

For complete disclosure, the details of this retrospective, observational study were
published on the website of the Dokkyo Medical University Saitama Medical Center.

Patients were aeated with DAAs, and shear wave propagation velocity (Vs) was
measured before treatment (baseline), at the end of treatment (EOT), and 12 wk (follow-
up 12) and 24 wk (follow-up 24) after treatment.

The DAAs used for treatment in these 279 patients were sofosbuvir (SOF)/ ribavirin
(RBV) in 64 patients, SOF / ledipasvir (LDV) in 59 patients, ombitasvir (OBV) /
paritaprevir (PTU) / ritonavir (r) in 48 patients, elvasvir/ grazoprevir 31 patients,
glecaprevir / pibrentasvir 73 patients, OBV /PTV /r/RBV 3 patients, SOF/ valpatasvir
lpatient. The treatment was provided according to guidelines on Japan Society of
Hepatology. Each duration of treatment was 8-12 wk and the DAAs doses obeyed the
package insert.

The subjects were hepatitis C patients who were followed for at least six months after
the end of treatment. Patients with decompensated cirrhosis, autoimmune hepatitis,
connective tissue disease, chronic heart disease, or a history of HCC were excluded.
Patients with a history of alcohol consumption 220 g/day and patients diagnosed with
evident fatty liver on abdominal ultrasound were also excluded.

It was confirmed that there were no complications of HCC on abdominal ultrasound,

contrast-enhanced computed tomography (CT), and gadoxetate disodium-enhanced




magnetic resonance imaging (EOB-MRI) tests at baseline and EOT in any of the
patients. Abdominal ultrasound was performed every six months after EOT, and

contrast-enhanced CT or EOB-MRI was performed when hepatic tumors were seen.

alculation of the aMAP score
The aMAP score was calculated based on a previous study '3, as follows:
((age [years]x0.06 + sexx0.89 (male: 1, female: 0) + 0.48%(log10
bilirubin [pmol/L]x0.66) + (albumin [g/L]x-0.085)) — 0.01xplatelet
count [103/mml]) + 7.4)/14.77 % 100.
The aMAP score was calculated at baseline, EOT, follow-up 12, and follow-up 24, and
changes over time with DAA treatment were observed.
Measurement of Shear Wave Velocity
Vs s measured with SWE using a LOGIQ E9 (GE Healthcare, Milwaukee, WI,
USA). Measurements were performed by two investigators (Suda T and Tamano M)
with experience measuring SWE in more than 200 patients. With patients in a supine
position and their right arms in maximum abduction, the area from the intercostal
region to the right hepatic lobe was imaged. Patients were asked to hold their breath
and refrain from spontaneous breathing while the measurements were being made. The
machine automatically measured Vs, and the results were displayed in m/s. The results
were judged to be reliable only when measurements were successful 10 times and a
asurement success rate of 280% was obtained.
Clinical parameters
Clinical parameters, which were obtained on the same day that SWE was performed,
were compared. Clinical parameters other than Vs were alanine aminotransferase
(ALT), platelets (Plt), and AFP. The FIB-4 index was estimated using the values of
serum AST, ALT, Plt, and age.

Identification of contributing factors for carcinogenesis in the medium-risk and high-risk

groups




The medium-risk and high-risk groups with aMAP scores =50 at follow-up 12 were
divided into non-carcinogenic and carcinogenic groups, and their clinical parameters
were compared. Parameters in which significant differences were seen were taken as
explanatory variables, and multiple regression analysis was performed with the
presence or absence of carcinogenesis as the target variable. The parameters that
cantributed to carcinogenesis in the medium-risk and high-risk groups were identified.

Statistical analysis
Continuous data for the liver aMAP score, Vs, and other clinical parameters are
expressed as means * standard deviation (SD). A non-paired Wilcoxon test was used in
compaﬁons of each parameter between the non-carcinogenic group and carcinogenic
group. A paired Wilcoxon test was used to test differences in each p eter before and
after the start of treatment. Multiple regression analysis was used to examine the factors
that contributed to hepatic carcinogenesis. & alues of P<0.05 were regarded as
significant. The diagnostic performances of clinical parameters for predicting the
presence of HCC were evaluated using receiver-operating characteristic (ROC) curve

analyses. The statistical software “StatFlex version 7” was used in this study.

CONCLUSION

Tremendous progress has gaen made in the treatment of hepatitis C_with direct-
acting antiviral agents (DAAs). DAA therapy produces a high rate of sustained
virological response (SVR) with fewer adverse events than interferon (IFN) therapy [1-51.
SVR obtained with DAA therapy shows a similar effect in inhibiting carcinogenesis as
IFN therapy 631,

Reported carcinogenic risk factors after SVR are high aminotransferase (ALT) and a-
fetoprotein (AFP) levels and low platelet levels Pl The authors have reported that the
velocity of shear waves (Vs) measured by shear wave elastography (SWE) is useful for
diagnosing the level of fibrotic progression in hepatitis C and predicting carcinogenic
risk [10. 11], é:VE is a new technology that measures liver stiffness by measuring the

propagation velocity of shear waves generated in hepatic tissue [121.




As for the carcinogenic patients, the liver stiffness measured by SWE at the beginning
of DAAs treatment are high as compared with the non-carcinogenic patients. In
addition, the liver stiffness is useful for the carcinogenic prediction than other
parameters (AFP, Fib-4 index, ALT and platelet) at six months after the treatment [11.

Meanwhile, Fan ef al reported in 2020 that the age-male-albumin-bilirubin-platelets
(aMAP) score is useful for stratifying the risk of hepatocellular carcinoma (HCC) in
chronic hepatitis patients [13l. They studied 17,374 chronic hepatitis patients and
reported that the aMAP score is useful for evaluating the 5-year risk of HCC regardless
of etiology or ethnicity. They also reported that patients with an aMAP score <50
account for 44% of patients overall, and they have a low incidence of HCC of <0.2% per
year (low-risk group), that patients with a score of 50-59 account for 38% of patients and
have a moderate carcinogenesis risk of 0.4-1.0% per year (medium-risk group), and that
patients with a score 260 account for 18% of patients and have a high annual
carcinogenesis risk of 1.6-4.0% (high-risk group) [131.

The utility of the aMAP score was shown even in patients with hepatitis C virus
(HCV) infection after SVR, and Yamashita et al reported that the risk of carcinogenesis
was very low in patients with an aMAP score <40 [14],

In this study, whether further stratification for carcinogenic risk is possible by
combining the aMAP score with Vs in patients judged to be in the medium-risk and

high-risk groups by the aMAP score was investigated.

ARTICLE HIGHLIGHTS

Research background

Concentrated surveillance of patients selected for higher carcinogenesis risk will be

more efficient than uniform surveillance of all patients after SVR.

Research motivation




In hepatitis C patients after SVR, a strategy of combining the aMAP score and Vs and
stratifying the risk of carcinogenesis is more efficient than uniform surveillance of all

patients.

Research objectives

Multiple regression analysis was performed with carcinogenesis as the target variable
and ALT, platelets, AFP, Vs, and the Fib-4 index as explanatory variables; only Vs was
found to be significant (P = 0.0296). The cut-off value for Vs calculated using the ROC
curve for liver carcinogenesis was 1.53 m/s.

When medium-risk and high-risk group people were stratified using this cut-off value,
carcinogenesis was seen 2.0% from the group with Vs <1.53 m/s 10.5% from the group

with Vs 21.53 m/s.

Research methods

Hepatitis C patients who achieved SVR with DAA therapy were enrolled.

The medium-risk and high-risk groups with aMAP scores 250 at 12 wk (follow-up12)
after treatment were divided into non-carcinogenic and carcinogenic groups. Clinical
parameters in which significant differences were seen between non-carcinogenic and
carcinogenic groups were taken as explanatory variables, and multiple regression
analysis was performed with the preserﬁe or absence of carcinogenesis as the target
variable. The diagnostic performances of clinical parameters for predicting the presence

of HCC were evaluated using receiver-operating characteristic (ROC) curve analyses.

Research results
Objective of this study is to determine whether combining the aMAP score with Vs

improves carcinogenic risk stratification in medium-to-high-risk hepatitis C patients.

Research conclusions




Both the age-male-albumin-bilirubin-platelets (aMAP) score and the velocity of shear
waves (Vs) measured by shear wave elastography (SWE) have been shown to be useful
for stratifying the risk of hepatocellular carcinoma (HCC) in hepatitis C who achieved
SVR following DAAs therapy. We considered that combining the aMAP score with Vs

improve the prediction of carcinogenic risk.

Research perspectives

The treatment of hepatitis C with direct-acting antiviral agents (DAAs) produces a high
rate of sustained virological response (SVR). But even after SVR, a certain number of
patients develop cancer. Therefore, predicting the risk of carcinogenesis is important in

such patients.
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