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Abstract

Background/Aims: Alpha-fetoprotein (AFP) mRNA-expressing cells are candidates for circu-
lating tumor cells in hepatocellular carcinoma. We analyzed portal vein blood, peripheral
blood, and peritoneal lavage samples to detect the presence of AFP mRNA-expressing cells,
and explored their relationship with metastasis. Methods: We measured the AFP mRNA ex-
pression in 112 sets of portal vein and peripheral blood samples and 61 peritoneal lavage
samples that had been obtained during surgery. We estimated the change in the positive ra-
tio of patients with AFP mRNA, the associated background factors, and the rate of recurrence.
Results: The change in AFP mRNA positivity in the peripheral blood specimens was remark-
able, while that in the portal vein blood and peritoneal lavage samples was similar during
hepatectomy. Tumor location was the only factor associated with AFP mRNA positivity. The
rate of recurrence was higher in the patients who were positive for AFP mRNA than in those
who were negative 9-24 months after hepatectomy. During this limited period, the recurrence
rate in the AFP mRNA-positive cases was significantly higher than that in the AFP mRNA-neg-
ative cases (p = 0.0472). Postoperative AFP mRNA positivity was not related to very early re-
currence (0-9 months) or multicentric liver carcinogenesis (>24 months). Conclusion: AFP
MRNA positivity in the peripheral blood was elevated after hepatectomy, and the elevation
depended on the tumor location. AFP mRNA positivity might contribute to recurrence-free
survival 9-24 months after hepatectomy. © 2017 S. Karger AG, Basel
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Introduction

The detection and analysis of circulating tumor cells (CTCs) is expected to be helpful for
both predicting recurrence after surgery and for selecting an appropriate surgical strategy.
Thus, as a tool for detecting CTCs, we investigated the presence of alpha-fetoprotein (AFP)
mRNA-expressing cells in patients with hepatocellular carcinoma (HCC). To date, previous
studies have investigated at most 80-90 patients, and have shown the possible predictive
value of the detection of AFP mRNA in peripheral blood samples for recurrence; however, the
impact with regard to recurrence remains controversial [1-5]. Some authors have reported
that AFP mRNA predicts extra- or intrahepatic metastasis, whereas others have reported
contradictory findings; for example, they showed that the elevation of AFP mRNA during
surgery occurred due to diseases other than HCC [6, 7].

Thus, further investigations are needed to clarify the roles of AFP mRNA-expressing cells.
First, it is necessary to investigate the surgery-related changes in AFP mRNA before and after
hepatectomy. AFP mRNA may potentially be detected in blood samples from the hepatic vein
(systemic circulation) or the hepatic portal system, or from peritoneal lavage samples. Second,
itis necessary to consider that - in some cases - HCC recurrence may not be related to CTCs.
Recurrence in the late phase may be related to multicentric liver carcinogenesis due to viral
hepatitis, alcoholic and non-alcoholic steatohepatitis, and liver cirrhosis [8]; only early-phase
recurrence would be related to intrahepatic metastasis, which may be induced by CTCs. Addi-
tionally, we should note the potential for the existence of metastasis that cannot be visualized
using the current imaging technology at the time of surgery; such metastasis could lead to
very early recurrence.

In the present study, we investigated the presence of AFP mRNA in peripheral blood,
portal vein blood, and peritoneal lavage samples from more than 100 HCC patients, and
explored the surgery-related changes in AFP mRNA positivity and the relationship between
such changes and recurrence after surgery.

Patients and Methods

Patients

Atotal of 273 patients with HCC underwent hepatectomy at our institution between 2002 and 2007. The
levels of AFP mRNA in both the portal vein and peripheral blood were measured simultaneously in 112 of
these patients. These patients were included in the subsequent analysis (note: the levels of AFP mRNA were
measured in the portal vein blood and peripheral blood of 213 patients and 120 patients, respectively). The
AFP mRNA levels were measured in the peritoneal lavage samples of 61 patients (55%). Patients with
recurrent HCC more than 2 years after surgery (8%) were included in the study. This study was approved by
the institutional review board at Osaka Medical Center for Cancer and Cardiovascular Diseases, and written
informed consent was obtained from all of the subjects.

The stage of HCC was classified according to the General Rules for the Clinical and Pathological Study of
Primary Liver Cancer (5th edition) issued by the Liver Cancer Study Group of Japan.

Quantitative PCR to Detect AFP mRNA in Portal Vein Blood, Peripheral Blood, and Peritoneal Lavage

Samples

Portal vein blood and peripheral blood (8 mL) samples and peritoneal lavage samples were obtained
before and immediately after hepatectomy. For the measurement of the AFP mRNA levels in peritoneal
lavage samples, warm saline (100 mL) was introduced into the liver bed immediately after laparotomy, and
50 mL of saline was aspirated. Additionally, peripheral blood was obtained and blood was collected from the
portal vein (at the umbilical portion in patients with right liver tumors or at the confluence of the anterior
and posterior portal veins in patients with left liver tumors) before liver mobilization. Peritoneal lavage,
portal vein blood, and peripheral blood samples were also obtained immediately after hepatectomy, following
the confirmation of primary hemostasis at the cut surface of the liver.
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Number of patients
Age, years
Sex
Male
Female
Etiology
HBV
HCV
Liver damage
A
B
CPT score
A
B
AFP
>20 ng/mL
DCP
>40 mAU/mL
TACE
Primary/recurrence
Primary
Tumor size, cm
Number of tumors
Single
Macroscopic vascular invasion
Presence
Type of surgery
Partial hepatectomy
Subsegmentectomy
Sectionectomy or more
Anatomical/nonanatomical resection
Operative time, min
Blood loss, g
Liver resection weight, g
Histology
Poorly differentiated
Microscopic vascular invasion
Presence
Liver pathology
F3/4
Stage
I/1
[1
IVa
Residual tumor
R1

112
68 (66.4+8.9)

89 (79%)
23 (21%)

32 (29%)
71 (63%)

84 (75%)
28 (25%)

108 (96%)
4 (4%)

52 (46%)

56 (50%)
28 (25%)

103 (92%)
33 (42.7+33.1)

87 (78%)
4 (4%)?
39 (35%)
5 (4%)
68 (61%)
73 (65%)/39 (35%)
227 (245.5+101.0)
1,000 (1,225+1,043)
200 (303+411)
21 (19%)
56 (50%)°
48 (43%)
82 (73%)
22 (20%)
8 (7%)

7 (6%)

Values are given as n (%) or median (mean * standard deviation).
AFP, alpha-fetoprotein; CPT, Child-Pugh-Turcotte; DCP, des-gamma-
carboxy prothrombin (PIVKA-II, a protein induced by the absence of
vitamin K or an antagonist); HBV, hepatitis B virus infection; HCV,
hepatitis C virus infection; SD, standard deviation; TACE, transcatheter
arterial chemoembolization.  Two portal vein, 3 hepatic vein. P Fifty-six
portal vein, 3 hepatic vein, 2 hepatic artery.

The method used to detect AFP mRNA has been described previously [9]. Briefly, blood samples were
collected in a VACUTAINER CPT™ cell preparation tube with sodium citrate (Becton Dickinson, Franklin
Lakes, NJ, USA) and centrifuged at 17,000 g for 20 min. The separated mononuclear cells were placed into a
15-mL centrifugation tube, suspended with 10 ml of phosphate-buffered saline, and centrifuged at 2,000 rpm
for 10 min. After washing with phosphate-buffered saline, the cells were suspended with TRIzol Reagent
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Fig. 1. Perioperative changes in the positive ratio of patients with alpha-fetoprotein (AFP) mRNA in portal
vein blood, peripheral blood, and peritoneal lavage samples. a Percentages of patients in whom AFP mRNA
was detected before and after hepatectomy. b Change in the positive ratio of patients with AFP mRNA before
and after hepatectomy. The numbers indicate the number of patients (with percentage in parentheses).

(Molecular Research Center, Cincinnati, OH, USA) and stored at -80°C until RNA isolation. The following
primers were used for the PCR: forward: 5'-TCA GTG AGG ACA AAC TAT TGG-3' and reverse: 5'-CTC TTC AGC
AAA GCA GAC TTC-3'. HuH7 cells were used as a positive control. AFP mRNA was quantified using the Light-
Cycler™ software program (Roche Diagnostics, Mannheim, Germany) according to the manufacturer’s
protocol. The detection of AFP mRNA at any level was considered to be a positive result.

The Follow-Up Evaluation

Blood tests (including measurements of AFP and des-gamma-carboxy prothrombin [PIVKA-II, a protein
induced by the absence of vitamin K or an antagonist] levels [10, 11]) and/or imaging tests (enhanced
computed tomography or magnetic resonance imaging) were planned every 3 months (at a minimum) after
surgery. Additional blood tests and imaging examinations were performed to confirm recurrence if clinically
suspected. The rates of overall survival (0S) and recurrence-free survival (RFS) were calculated from the
time of surgery.

Statistical Analysis

The rates of OS and cumulative recurrence were calculated according to the Kaplan-Meier method.
Differences between groups were evaluated using the log-rank test. Hazard ratios were calculated using
Cox’s proportional hazards model, and the recurrence rate every 3 months was calculated based on the
number of recurrent and surviving cases at that time. A landmark analysis was used to investigate the cumu-

KARGER

144



Gastro Gastrointest Tumors 2016;3:141-152
Intestinal DOI: 10.1159/000455955 © 2017 S. Karger AG, Basel
www.karger.com/gat
Tumors

Kobayashi et al.: The Clinical Significance of Alpha-Fetoprotein mRNAs in Patients with
Hepatocellular Carcinoma

lative recurrence rate during the target period. Differences between groups were evaluated using the Student
t test and the x? test. p values <0.05 were considered to indicate statistical significance. All of the statistical
analyses were performed using the StatView ]-5.0 software program (SAS, Cary, NC, USA).

Results

Patient Characteristics

Patient characteristics are summarized in Table 1. The mean tumor size was 42.7 mm,
78% of the lesions were single HCC tumors, 73% of the lesions were stage I or Il tumors, and
vascular invasion was only noted in 3.6% of the patients in this series. Preoperative trans-
catheter arterial chemoembolization (TACE) was performed in 25% of patients. All patients
underwent open hepatectomy, with 65% of the patients undergoing anatomical resection. RO
resection was achieved in 94% of the patients. The RFS rates 1, 3, and 5 years after hepa-
tectomy were 72.1, 35.2, and 22.8%, respectively, while the OS rates were 93.6, 77.3, and
68.2%, respectively. The median follow-up period was 5.8 years.

Detection of AFP mRNA in Portal Vein Blood, Peripheral Blood, and Peritoneal Lavage

Samples before and after Hepatectomy

Before hepatectomy, the positive ratios of patients with AFP mRNA in their portal vein
blood, peripheral blood, and peritoneal lavage samples were 29, 13, and 15%, respectively.
In contrast, after hepatectomy, the positive ratios of patients with AFP mRNA in their portal
vein blood, peripheral blood, and peritoneal lavage samples were 40, 53, and 13%, respec-
tively (Fig. 1a). The rate was only elevated in the peripheral blood after hepatectomy (p <
0.0001). With regard to the change in AFP mRNA positivity, the rate of AFP mRNA positivity
after hepatectomy did not differ according to the presence or absence of AFP mRNA before
hepatectomy (Fig. 1b). These data indicate that hepatectomy increased the positive ratio of
patients with AFP mRNA in their peripheral blood samples. We therefore investigated the
features associated with AFP mRNA positivity after hepatectomy, to explore the factors that
possibly affected AFP mRNA positivity; the findings are summarized in Table 2. Most of the
perioperative factors (tumor factors, background liver status, and hepatectomy) did not
differ between the AFP mRNA-positive and the AFP mRNA-negative group; however, tumor
location was associated with AFP mRNA positivity. Specifically, the major tumor locations
associated with postoperative AFP mRNA positivity were segments 7 and 8, whereas the
minor locations were segments 2 and 3. The rate at which AFP mRNA was detected in preop-
erative peripheral blood samples was similar among the different tumor locations (15% in
segments 7 or 8, 10% in segment 2 or 3, and 12% in other locations). These data indicate that
the rate of AFP mRNA-positive peripheral blood samples increased after hepatectomy, and
that the increase depended on tumor location.

Relationship between Recurrence and Detection of AFP mRNA in the Postoperative

Peripheral Blood Samples

We investigated the incidence of recurrence in association with the detection of AFP
mRNA in the postoperative peripheral blood samples as a factor that was potentially affected
by AFP mRNA. The recurrence rates after hepatectomy are shown in Figure 2. The cumulative
recurrence rate did not differ according to presence or absence of AFP mRNA (p = 0.42,
Fig. 2a); however, the recurrence rate in the patients whose postoperative samples were
positive for AFP mRNA was 5-10% higher than that observed in the patients whose post-
operative samples were negative for AFP mRNA during the initial 1-3 years after hepatec-
tomy - which is likely to be associated with residual intrahepatic metastasis [8]. The rates of
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Variables Postoperative AFP mRNA in peripheral blood p
positive (n = 58) negative (n = 54)

Age, years 68.5 (66.8+9.2) 67.5 (65.9+8.7) 0.60
Sex

Male 47 (81%) 42 (78%) 0.67
Etiology

HBV 19 (33%) 13 (24%) 0.31

HCV 38 (66%) 33 (61%) 0.63
Liver damage

A 45 (78%) 39 (72%) 0.51

B 13 (22%) 15 (28%)
CPT score

A 56 (97%) 52 (96%) 0.93

B 2 (3%) 2 (4%)
AFP

>20 ng/mL 29 (50%) 23 (43%) 0.43
DCP

>40 mAU/mL 37 (64%) 29 (54%) 0.28
TACE 12 (21%) 16 (30%) 0.28
Primary/recurrence

Primary 55 (95%) 48 (89%) 0.25
Tumor size, cm 31 (40+34) 34 (46+31) 0.39
Number of tumors

Single 46 (79%) 41 (76%) 0.67
Macroscopic vascular invasion 3 (5%) 1(2%) 0.34
Type of surgery

Partial hepatectomy 18 (31%) 20 (37%) 0.65

Subsegmentectomy 4 (7%) 2 (4%)

Sectionectomy or more 36 (62%) 32 (59%)
Anatomical resection 39 (67%) 34 (63%) 0.63
Operative time, min 247 (258+99) 205 (230£101) 0.16
Blood loss, g 1,027 (1,329+1,193) 920 (1,106+838) 0.27
Liver resection weight, g 217 (321+482) 185 (282+316) 0.62
Histology

Poorly differentiated 12 (21%) 13 (24%) 0.67
Microscopic vascular invasion 30 (50%) 26 (48%) 0.71
Liver pathology

F3/4 22 (38%) 26 (48%) 0.27
Stage

I/11 43 (74%) 39 (72%) 0.97

111 11 (20%) 11 (20%)

IVa 4 (7%) 4 (7%)
Residual tumor

R1 3(5%) 4 (7%) 0.63
Tumor location

Segment 2/3 2 (3%) 8 (15%) 0.0350

Segment 7/8 22 (38%) 12 (22%) 0.0708

Values are given as n (%) or median (mean * standard deviation). Bold text indicates p values <0.1. AFP,
alpha-fetoprotein; CPT, Child-Pugh-Turcotte; DCP, des-gamma-carboxy prothrombin (PIVKA-II, a protein
induced by the absence of vitamin K or an antagonist); TACE, transcatheter arterial chemoembolization; HBV,

hepatitis B virus infection; HCV, hepatitis C virus infection.
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Fig. 2. Recurrence rate after hepatectomy according to presence or absence of alpha-fetoprotein (AFP)
mRNA in the postoperative peripheral blood. “Positive” indicates that AFP mRNA was detected, “negative”
that AFP mRNA was not detected. a Cumulative recurrence rate after hepatectomy in the cases with or with-
out AFP mRNA (n = 112). b Recurrence rates every 3 months after hepatectomy. ¢ Cumulative recurrence
rate 9-24 months after hepatectomy.

recurrence in the groups of patients who were positive and negative for AFP mRNA every
3 months during this period are shown in Figure 2b. The recurrence rate in the patients who
were positive for AFP mRNA was higher than that in the patients who were negative for AFP
mRNA in most of the periods from 9 to 24 months after surgery (the higher recurrence rate
among the patients who were negative for AFP mRNA at 15-18 months might have been
caused by micro-portal vein invasion). We noted that multicentric carcinogenesis was a major
cause of recurrence at >24 months [8]. Based on this information, we investigated the cumu-
lative recurrence rate 9-24 months after surgery. Consequently, alandmark analysis revealed
that the cumulative recurrence rate in the patients who were positive for AFP mRNA during
this period was significantly higher in comparison to the patients who were negative for AFP
mRNA (p=0.0472, Fig. 2c). These data indicate the possibility that the detection of AFP mRNA
in the peripheral blood was associated with the development of recurrence 9-24 months
after hepatectomy.

In order to compare the patterns of recurrence after hepatectomy, we investigated the
patient characteristics, including the positive ratio of patients with AFP mRNA, and the hazard
ratios in several postoperative periods (Table 3). We divided the postoperative period into
<9 months, 9-24 months, and >24 months, and determined the association between AFP
mRNA positivity and recurrence by a landmark analysis. The unfavorable factors for RFS
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differed among the postoperative periods. A univariate analysis revealed that at a postoper-
ative period of <9 months, preoperative TACE, residual tumors, and regular tumor factors
(e.g., tumor size, tumor number, macro-/microvascular invasion, and histological grade)
were associated with an unfavorable prognosis. A multivariate analysis revealed that number
of tumors and histology were independent prognostic factors, while tumor size tended to be
associated with recurrence. Conversely, a univariate analysis revealed that des-gamma-
carboxy prothrombin elevation, macrovascular invasion, and AFP mRNA positivity at 9-24
months were associated with an unfavorable prognosis. With the exception of macrovascular
invasion, which showed a trend toward an association with recurrence, all of these factors
were found to be independent prognostic factors in a multivariate analysis. At >24 months, a
time point that was thought to be associated with multicentric liver carcinogenesis [8], age,
hepatitis C status, and tumor number were identified as being associated with an unfavorable
prognosis, but only according to univariate analysis.

Discussion

The presentanalysis showed that surgery-related changes in the positive ratio of patients
with AFP mRNA only occurred in the peripheral blood and that they depended on tumor
location. Furthermore, this finding was associated with recurrence 9-24 months after hepa-
tectomy.

First, we need to consider what the presence of AFP mRNA-expressing cells represents.
In liver transplant recipients with HCC, preoperative AFP mRNA positivity is a risk factor for
recurrence [12], while the detection of AFP mRNA before surgery in patients undergoing
TACE is associated with worse survival [13]. In addition to these risks associated with preop-
erative AFP mRNA, many authors have demonstrated that the rate of AFP mRNA positivity is
increased after hepatectomy, as was shown in our data [1-3, 6, 14-16]. Consequently, AFP
mRNA-expressing cells are believed to be associated with the risk of recurrence or survival
and surgical treatment. However, AFP mRNA-expressing cells are not equivalent to CTCs -
rather, they include CTCs - as some authors have reported the detection of AFP mRNA-
expressing cells after liver surgery in patients without HCC [6, 7]. Although it will be necessary
to more precisely identify the CTCs in HCC in order to clarify the role of these cells, the
detection of AFP mRNA should therefore be analyzed to predict survival.

[t remains possible that AFP mRNA is associated with recurrence or survival and that the
positive ratio of patients with AFP mRNA increases as a result of liver surgery. Although no
changes were noted in the rate of portal vein or peritoneal lavage samples that were positive
for AFP mRNA, such changes were detected in the peripheral blood. There is little information
about AFP mRNA outside of the peripheral blood (e.g., bone marrow [1, 14]), and it is difficult
to confirm our data. The increased positive ratio of AFP mRNA in the portal vein was limited
in approximately 10% of cases; however, portal vein invasion would be a risk factor for recur-
rence after surgery [17]. In the peritoneal lavage samples, the rate of patients who were
positive for AFP mRNA was low, and there was no increase in the rate of detection after liver
surgery. This observation is also expected to be caused by the low incidence of hepatic capsule
invasion, which was 0% in our series (data not shown). In contrast, major changes in AFP
mRNA positivity were noted in the peripheral blood, and these changes depended on the
circulation of the cells based on varied tumor hemodynamics according to the surgical manip-
ulation [18].

The recurrence of HCC involves residual intrahepatic metastasis and multicentric liv-
er carcinogenesis [8]. The former consists of an early recurrent phase, which occurs within
2 years, while the latter consists of a late recurrent phase, which occurs after 4 years [8]. Our
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data showed that AFP mRNA was detected at a particularly high rate in the early recurrent
phase, especially 9-24 months after surgery. Based on the recurrence-related factors, which
were observed within 9 months after surgery, it is possible that this very early phase is asso-
ciated with metastasis at the time of surgery, which cannot be visualized using current
imaging technology. In contrast, the recurrence-related factors that were noted more than
2 years after surgery, in the late recurrence phase, were thought to have been due to the
presence of multicentric liver carcinogenesis - despite our data only showing differences in
the univariate analysis [8]. Our data suggest that the presence of AFP mRNA was only asso-
ciated with recurrence 9-24 months after surgery and that it takes time to visualize CTCs. The
RFS curves in the previous reports also showed the disadvantage of AFP mRNA positivity
9-24 months after surgery [1-3, 16, 19], whereas other reports showed no statistically signif-
icant findings [1, 2, 16]. In these reports, the authors used the log-rank test, which is effective
for the statistical analysis of later survival. In an analysis of several periods after surgery -
which was based on the presented survival curve - the RFS in the patients who were positive
for AFP mRNA and those who were negative for AFP mRNA was similar 3-9 months after
surgery. In contrast, the later RFS (12-36 months) in the patients who were positive for AFP
mRNA was 10-30% worse than that observed in the patients who were negative for AFP
mRNA [1-3, 16, 19]. It is necessary to investigate recurrence according to the period after
treatment based on the pathogenesis of metastasis.

It is possible that surgical manipulation leads to the presence of AFP mRNA in the
peripheral blood; thus, it may be advantageous to perform laparoscopic hepatectomy. We
therefore reviewed studies that showed the long-term outcomes of laparoscopic hepatectomy
versus open hepatectomy: 2 authors showed that laparoscopic hepatectomy offered an
advantage in terms of RFS [20, 21], 1 author showed slightly higher RFS at 1-2 years [22],
while the others showed no advantage in terms of RFS [23-25]. Unfortunately, there was little
information regarding the detailed tumor location or the small number of tumors in segments
7 and 8, which were found to be associated with a high rate of AFP mRNA positivity after open
hepatectomy in our study. We started a further study (UMIN-CTR: UMIN000016341) to
confirm the relationship between AFP mRNA positivity and short-term recurrence based on
surgical procedure, especially laparoscopic hepatectomy.

In conclusion, the rate of AFP mRNA positivity was elevated in the peripheral blood after
surgery in this study; this elevation depended on tumor location, and it might have contributed
to RFS 9-24 months after surgery. On the other hand, the postoperative AFP mRNA positivity
of peripheral blood was not related to very early recurrence (0-9 months) or multicentric
liver carcinogenesis (>24 months). Thus, it is necessary to develop a surgical strategy that
reduces the rate of patients whose peripheral blood is positive for AFP mRNA after surgery.
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