whereupon the IFN monotherapy was discontinued. He
stayed negative for HCV RNA until the last observation
25 weeks after the withdrawal of IFN monotherapy.

Figure 2 depicts the clinical course of chimp No. 224
who was inoculated with 8.4 X 10® copies of HCV of
genotype 1b. HCV RNA was detected in his serum at
week 1. HCV RNA stayed positive through 20 weeks, and
he was considered to have developed persistent infection.
IFN-a 6 MU was given daily for 7 days since the 21st
week. Because HCV RNA was positive at the next exam-
ination, IFN monotherapy was given again during the
23rd week.

However, HCV RNA did not disappear from the se-
rum after 2 courses of IFN monotherapy. At 36 weeks
when HCV RNA was confirmed to be present in the se-
rum, he received a combination therapy with IFN-a
3 MU, daily for 2 weeks and then 3 times a week for 14
weeks, along with oral ribavirin 600 mg daily in 2 divid-
ed doses. HCV RNA decreased 1 week after the institu-
tion of combination therapy, and became undetectable
the next week; the loss of HCV RNA continued through-
out the following 15 weeks on treatment. He was con-
firmed negative for serum HCV RNA at tests performed
4, 12 and 24 weeks, respectively, after the completion of
combined IFN and ribavirin. Transaminase levels in-
creased moderately 6 weeks after the initiation of combi-
nation therapy, but thereafter they returned to normal
through the observation till 24 weeks after the comple-
tion of therapy. Chimp No. 224 did not respond to HCV
infection by raising anti-HCV, and remained seronega-
tive throughout 76 weeks since he received inoculation.

The biggest problem with HCV infection in human
beings is its strong propensity to persist in up to 85% of
individuals who contract it, although chances of persis-
tence depend on sex, age and route of transmission [4, 5].
We have reported that HCV replicates very rapidly in
chimpanzees inoculated with it at a doubling time of 6.3~
8.6 h [7]; it is much shorter than that of HBV estimated at
1.9-3.4 days [8]. Such a fast replication velocity of HCV
might contribute toward a high persistence rate after the
primary infection; cellular immune responses to clear
HCV may not be able to catch up with exponentially in-
creasing population and rapidly evolving HCV quasispe-
cies.

The sustained virological response to pegyrated-IFN
combined with ribavirin in patients with chronic hepati-
tis C remains insufficient; it is achieved in merely one half
of the patients infected with HCV genotype 1 in a high
viral load [9]. This stands in sharp contrast to the excel-
lent efficacy of IFN on patients with acute prolonged hep-

Interferon for Hepatitis C in
Chimpanzees ‘

atitis C [10]. Hence, we started treating 2 chimpanzees in
whom acute infection with HCV had prolonged after
they were experimentally transmitted with HCV [6, 7).
The preacute serum from one of them (chimp 210) served
for illustrating the early dynamics of HCV infection, and
provided blood centers with the standards of HCV RNA,
containing defined copy numbers per milliliter, for cali-
brating nucleic acid amplification test (NAT).

Chimp 210 cleared HCV infection after he had re-
ceived IFN-a 6 MU daily for 1 week (fig. 1). Chimp 224
failed to clear HCV after 2 courses of the IFN monother-
apy. Thereafter, he responded to IFN 3 MU daily for 2
weeks followed by 3 times a week for 14 weeks in combi-
nation with oral ribavirin 600 mg daily. The virological
response with loss of HCV RNA from the serum was
achieved during treatment, and sustained 24 weeks after
the completion of combination therapy (fig. 2). They both
had kept HCV for 29 and 36 weeks before treatment, re-
spectively, exceeding 6 months for the clinical definition
of persistent infection. There remains a possibility, how-
ever, that chimp 210 may have been clearing HCV natu-
rally without therapeutic intervention, in view of his re-
markable response to a short-term IFN monotherapy.
Chimp 210 was infected with HCV of genotype 1b and
2a, and chimp 224 with HCV of genotypes 1b. HCV of
genotype 2a might have disappeared earlier than HCV of
genotype 1b in chimp 210, in view of different sensitivity
to IFN of these 2 HCV genotypesin clinical trials [11, 12].

We have shown that acute prolonged HCV infection
can be cured in chimps if they receive IFN alone or com-
bined with ribavirin soon enough after they have been
infected, as in the treatment of acute hepatitis C in pa-
tients [10]. Hopefully, the efficacy of IFN with or without
ribavirin would be extended in additional chimps with
acute prolonged HCV infection after they have complet-
ed transmission studies. Furthermore, such treatments
would need to be considered in many chimps who have
acquired persistent HCV infection after experimental
transmission during the long past.
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Abstract

Background Increases in tumor markers are sometimes
seen in patients with chronic liver disease without hepa-
tocellular carcinoma (HCC). The aim of this study was to
determine the relationship between the levels of three
tumor markers [alpha-fetoprotein (AFP), Lens culinaris
agglutinin-reactive fraction of AFP (AFP-L3%), and des-y-
carboxy prothrombin (DCP)] and hepatic carcinogenesis to
identify hepatitis C virus (HCV) carriers at high risk for
cancer development.

Methods A total of 623 consecutive HCV carriers with
follow-up periods of >3 years were included. The average
integration values were calculated from biochemical tests,
and tumor markers, including AFP, AFP-1.3%, and DCP,
and factors associated with the cumulative incidence of
HCC were analyzed.

Results HCC developed in 120 (19.3%) of the 623
patients. Age >65 years [adjusted relative risk, 2.303 (95%
confidence interval, 1.551-3.418), P < 0.001], low platelet
count [3.086 (1.997-4.768), P < 0.001], high aspartate
aminotransferase value [3.001 (1.373-6.562), P < 0.001],
high AFP level [>10, <20 ng/mL: 2.814 (1.686-4.697),
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P < 0.001; >20 ng/mL: 3.405 (2.087-5.557), P < 0.001]
compared to <10 ng/mL, and high AFP-L3% level [>5,
<10%: 2.494 (1.291-4.816), P = 0.007; >10%: 3.555
(1.609-7.858), P < 0.001] compared to <5% were signif-
icantly associated with an increased incidence of HCC on
multivariate analysis.

Conclusions Increased AFP or AFP-L3% levels were
significantly associated with an increased incidence of
HCC. Among HCV carriers, patients with >10 ng/mL AFP
or patients with >5% AFP-L3% are at very high risk for
the development of HCC even if AFP is less than 20 ng/
mL or AFP-L3% is less than 10%, which are the most
commonly reported cutoff values.

Keywords Alpha-fetoprotein (AFP) - Lens culinaris
agglutinin-reactive fraction of AFP - Hepatic regeneration -
Necroinflammatory activity - Hepatocarcinogenesis

Introduction

Serum alpha-fetoprotein (AFP) is a widely used marker for
hepatocellular carcinoma (HCC) [1]. However, serum AFP
levels are increased in patients with liver diseases other
than HCC, including viral hepatitis [2—4], with a preva-
lence of 10-42% [2, 5-7]. Increases in AFP are a marker of
hepatic regeneration following hepatocyte destruction in
viral hepatitis [8]. However, the pathogenesis and clinical
significance of this phenomenon remain unclear.

The Lens culinaris agglutinin-reactive fraction of AFP
(AFP-L3%) and des-y-carboxy prothrombin (DCP) are also
markers for HCC [9-12]. Available data suggest that these
tumor markers are more highly specific for HCC than AFP
alone [9]. However, there are no reports examining the
prognostic value of these markers in hepatocarcinogenesis.
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Results of biochemical tests, including tumor markers,
can fluctuate for a given patient and can vary between
different patients, and repeated measurements over time
may provide a more accurate picture of disease develop-
ment or progression. The arithmetic mean value is often
used to assess biochemical parameters over time, but this
value can be greatly affected by the interval between
measurements such that a short period of very high values
can inappropriately skew the mean. We have previously
argued that the average integration value is more mean-
ingful than the arithmetic mean value for the purposes of
monitoring disease progression [13, 14].

The aim of this study was to determine the relationship
between three tumor markers (AFP, AFP-L3%, and DCP)
to better identify hepatitis C virus (HCV) carriers at high
risk for the development of HCC. Of note, we used the
average integration values of these parameters in our
analysis.

Patients, materials, and methods
Patient selection

A total of 1623 consecutive patients positive for anti-HCV
antibody visiting the Department of Gastroenterology at
Ogaki Municipal Hospital during the period January 1995
to December 1997 were considered for enrollment. The
present study cohort included the following criteria for
enrollment: (1) positive for anti-HCV antibody by second-

or third-generation enzyme-linked immunosorbent assay
and detectable HCV RNA for at least 6 months; (2) no
evidence of positivity for hepatitis B surface antigen; (3)
exclusion of other causes of chronic liver disease (i.e.,
alcohol consumption lower than 80 g/day, no history of
hepatotoxic drug use, and negative tests for autoimmune
hepatitis, primary biliary cirrhosis, hemochromatosis, and
Wilson’s disease); (4) follow-up period greater than
3 years; (5) measurement of AFP, AFP-L3%, and DCP at
least every 6 months; (6) no evidence of HCC for at least
3 years from the start of the observation periods; and (7)
interferon (IFN) therapy completed greater than 3 years
before the detection of HCC in patients who received IFN
therapy. A total of 623 patients fulfilled these criteria
(Fig. 1).

Fibrosis was histologically evaluated in 187 of the 623
patients and staged according to Desmet et al. [15] as
follows: FO, no fibrosis; F1, mild fibrosis; F2, moderate
fibrosis; F3, severe fibrosis; and F4, cirrhosis. The
remaining 436 patients were evaluated by ultrasound (US)
findings and biochemical tests. The diagnosis of cirrhosis
was made according to typical US findings, e.g., super-
ficial nodularity, a coarse parenchymal echo pattern, and
signs of portal hypertension (splenomegaly >120 mm,
dilated portal vein diameter >12 mm, patent collateral
veins, or ascites) [16—18]. In this study patients who did
not satisfy these criteria were classified as having chronic
hepatitis. Four hundred and sixty-three patients were
diagnosed with chronic hepatitis and 160 patients with
cirrhosis.

Fig. 1 Schematic flowchart of

enrolled patients. *Serum alpha-
fetoprotein (AFP), Lens
culinaris agglutinin-reactive
fraction of AFP (AFP-L3%),
and des-y-carboxy prothrombin
(DCP). **Hepatocellular
carcinoma (HCC)

1623 consecutive patients positive for
anti-hepatitis C virus antibody, no
evidence of hepatitis B virus infection,
and exclusion of other causes of
chronic liver disease (1995-1997)

645 lost to follow-up

h 4

978 were followed up for >3 years

A 4

within 3 years

A 4

874 underwent monitoring of
tumor markers* at least every 6
months

104 did not undergo monitoring of
tumor markers* at least every 6
months

168 showed confirmed HCC**

A 4

706 had no evidence of HCC** >3
years from the start of the observation
period

A4

within 3 years of the start of
the observation period

83 completed interferon

A

623 fulfilled the criteria.

—-269-

therapy within 3 years of
the detection of HCC**
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All patients were followed up at our hospital at
least twice a year. During each follow-up examination,
platelet count, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), gamma glutamyl transpeptidase
(y-GTP), total bilirubin, cholinesterase, alkaline phospha-
tase (ALP), lactate dehydrogenase (LDH), albumin, total
cholesterol, AFP, AFP-LL3%, and DCP were measured.
Platelet count and ALT, AST, y-GTP, total bilirubin,
cholinesterase, ALP, LDH, albumin, total cholesterol, AFP,
AFP-L3%, and DCP values were expressed as average
integration values [13, 14]. Briefly, using ALT as an
example, the area of a trapezoid is calculated by multi-
plying the sum of two ALT values by one-half of the
interval between the measurements. This value is then
divided by the observation period to obtain the average
integration value, and this technique provides a better
representation of values over time when there are extremes
of high and low values [14, 16]. In patients who developed
HCC during the observation period, AFP, AFP-L.3%, and
DCP values obtained at least 1 year before the diagnosis of
HCC were assessed. Serum AFP concentration was deter-
mined with a commercially available kit. AFP-L3% was
measured by lectin-affinity electrophoresis and antibody-
affinity blotting with the AFP Differentiation Kit L. (Wako
Pure Chemical Industries, Osaka, Japan) [10]. DCP was
measured with a DCP reagent (Picolumi PIVKA-II; Eizai,
Tokyo, Japan) [11]. Cutoff levels for AFP, AFP-L.3%, and
DCP were set at 20 ng/mL, 10%, and 40 mAU/mL,
respectively, according to previous reports [10-12]. HCV
genotype and quantification of HCV RNA (Amplicor 2;
Roche Diagnostics, Tokyo, Japan) were determined in 513
cases. All patients underwent imaging modalities (US,
computed tomography [CT], or magnetic resonance
imaging [MRI]), every 3 months in patients with cirrhosis
and every 6 months in patients with chronic hepatitis.

The diagnoses of HCC were confirmed by histologic
examination of resected hepatic tumors or US-guided
needle biopsy specimens. When biopsy of the tumor was
contraindicated, the HCC diagnosis was made using clin-
ical criteria and imaging findings obtained from B-mode
US, CT angiography, or MRI [19, 20]. HCC was histo-
logically diagnosed in 46 patients, and in the remaining
74 patients, the diagnosis was made based on clinical cri-
teria [19, 20]. All tumors were 3 cm or less in maximum
diameter, and there were 3 nodules or less on diagnosis.

One hundred eighty-nine patients received IFN therapy.
Patients were classified into three groups according to the
type of response to IFN therapy: sustained virologic
response (SVR), defined as the absence of serum HCV
RNA at 6 months after IFN therapy; the non-SVR group,
defined as the presence of serum HCV RNA at 6 months
after IFN therapy; and the no IFN therapy group.

@ Springer

Patients were classified into three groups for each of the
tumor markers according to the average integration values
of AFP, AFP-L3%, and DCP: Al, <10 ng/mL (n = 452);
A2, >10, <20 ng/mL (n = 80); and A3, >20 ng/L
(n=91); L1, <5% (n = 588); L2, >5, <10% (n = 18);
and L3, >10% (n=17); and DI, <20 mAU/mL
(n = 379); D2, >20, <40 mAU/mL (n = 170); and D3,
>40 mAU/mL (n = 51), respectively.

The present study ended on 31 December 2008 or the
date of identification of HCC occurrence. The median
follow-up period was 9.0 years (range 3.0-13.0 years). The
total number of blood examinations was 25.721, and the
median number of blood examinations was 23 (range
6—105) per subject.

Statistical analysis

Statistical analysis was performed with the Statistical
Program for Social Science (SPSS ver.17.0 for Windows;
SPSS Japan, Tokyo, Japan). Continuous variables are
shown as medians (ranges). The Mann—Whitney U-test
was used for continuous variables, and Fisher’s exact test
was used for categorical variables. Actuarial analysis of
the cumulative incidence of hepatocarcinogenesis was
performed by the Kaplan—Meier method, and differences
were tested by the log-rank test. The Bonferroni cor-
rection was performed for multiple comparisons. The
Cox proportional hazards model and forward selection
method were used to estimate the relative risk of HCC
development associated with age (<65 or >65 years),
sex (female or male), body mass index (BMI <25.0 or
>25.0 kg/m?), HCV genotype (type 1 or type 2), viral
concentration (<100 or >100 KIU/mL), platelet count
(<12.0 x 10%mm® or >12.0 x 10%/mm?), ALT (<35 or
>35 IU/mL), AST (<40 or >40 IU/mL), total bilirubin
(1.2 or >1.2 mg/dL), y-GTP (<56 or >56 IU/mL),
ALP (<338 or >338 IU/mL), cholinesterase (<431 or
>431 IU/mL), LDH (<250 or >250 IU/mL), albumin
(<35 or =>35g/dL), total cholesterol (<130 or
>130 mg/dL), cirrhosis (presence or absence), and IFN
treatment (no therapy, non-SVR, or SVR) for univariate
and multivariate analyses. We used the lower or upper
limit of the reference values at our institute as cutoff
values for platelet count, ALT, AST, total bilirubin,
y-GTP, ALP, cholinesterase, LDH, albumin, and total
cholesterol levels. Statistical significance was set at
P < 0.05.

The study protocol was approved by the Ethics Com-
mittee at Ogaki Municipal Hospital in January 2009 and
the study was performed in compliance with the Helsinki
Declaration. Informed consent was obtained from each
patient for analyzing patient records and images.
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Fig. 2 Overall cumulative Cumulative incidence of
incidence rate of HCC hepatocarcinogenesis (%)
50
40
30
18.5%
55 8.5%
10
2.3%
0 T T T T T 1
0 2 4 6 8 10 12
No. atrisk 623 623 611 548 465 300 103
Table 1 Patient characteristics Results
Age (years) 61 (26-84) ) .
Sex (F/M) 265/358 HCC developed in IZQ (1‘9.3'%) of the 623 patients. The
BMI (ke/m?) 22.5 (12.0-34.9) ?;g asnd 10-year §umulatlye incidences of HQC were 2.3 .and
HOV genotyps type Utype 2) 356/157 5%, respectively (Fig. 2). Demographic and medical

Viral concentration (KIU/mL)
AFP (ng/mL)

270 (0.5-6300)
4.8 (0.8-341.5)

AFP-L3 (%) 0.1 (0.0-32.5)
DCP (mAU/mL) 18.1 (8.5-99.6)
Platelets (x 10*/mm?) 14.8 (3.0-33.9)

ALT (IU/L) 46.4 (10.1-340.4)
AST (IU/L) 48.5 (13.3-168.9)
y-GTP (IU/L) 37.6 (9.9-2207)
Total bilirubin (mg/dL) 0.6 (0.2-2.7)

ALP (IU/L) 276.4 (86.8-845.5)
Cholinesterase (IU/L) 242.9 (38.8-545.30)
LDH (TU/L) 196.4 (118.4-650.1)
Albumin (g/dL) 4.0 (2.4-4.9)

Total cholesterol (mg/dL) 155.8 (77.9-264.1)
Fibrosis (FO/F1/F2/F3/F4)* 32/73/56/24/2
Cirrhosis (present/absent) 160/463

IFN therapy (none/non-SVR/SVR) 434/146/43

Continuous variables are quoted as medians (ranges)

BMI body mass index, HCV hepatitis C virus, AFP alpha-fetoprotein,
AFP-L3Lens culinaris agglutinin-reactive fraction of AFP, DCP des-
y-carboxy prothrombin, ALT alanine aminotransferase, AST aspartate
aminotransferase, GTP gamma glutamyl transpeptidase, ALP alkaline
phosphatase, LDH lactate dehydrogenase, /FN interferon, SVR sus-
tained virologic response

1 Staging of chronic hepatitis according to Desmet et al. [15]

data for the 623 patients are summarized in Table 1.

Factors associated with the incidence of hepatic
carcinogenesis on univariate analysis

Factors associated with the incidence of HCC are listed in
Table 2. Age >65 years, high AFP level, high AFP-L3%
level, high DCP level, low platelet count, high ALT level,
high AST level, high LDH level, high ALP level, low
cholinesterase level, low albumin level, presence of cir-
rhosis, and response to IFN therapy were significantly
associated with the development of HCC on univariate
analysis.

The 5-, 7-, and 10-year cumulative incidences of HCC
were 1.1, 2.1, and 7.5% in group Al; 2.6, 9.6, and 42.1%
in group A2; and 6.6, 18.3, and 50.0% in group A3,
respectively, and the cumulative incidence of HCC dif-
fered significantly between groups Al and A2 and groups
Al and A3 (Fig. 3). The 5-, 7-, and 10-year cumulative
incidences of HCC were 1.4, 4.6, and 15.6% in group L1;
19.6, 39.7, and 73.6% in group L2; and 12.5, 25.0, and
56.7% in group L3, respectively, and the cumulative
incidence of HCC differed significantly between groups
L1 and L2 and groups L1 and L3 (Fig. 4). The 5-, 7-, and
10-year cumulative incidences of HCC were 0.5, 4.6, and

@ Springer
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Table 2 Factors associated with hepatocarcinogenesis (univariate

analysis)

Crude hazard
ratio (95% CI)

Age (years)
<65
>65
AFP (ng/mL)
Al; <10
A2; >10, <20
A3; >20
AFP-L3 (%)
Ll; <5
L2 25, <10
L3; >10
DCP (mAU/mL)
DI; <20
D2; >20, <40
D3; >40
Platelets (x 104/mm3)
>12.0
<12.0
ALT (IU/L)
<35
>35
AST (IU/L)
<40
>40
LDH (IU/L)
<250
>250
ALP (IU/L)
<338
>338
Cholinesterase (IU/L)
>431
<431
Albumin (g/dL)
>35
<35
Cirrhosis
Absent
Present
IFN therapy
No therapy
Non-SVR
SVR

1
2.318 (1.580-3.400)

1
6.061 (3.768-9.750)
8.985 (5.874-13.744)

1
8.032 (4.388-14.700)
3.781 (1.838-7.778)

I
1.209 (0.788-1.855)
4.535 (2.840-7.241)

1
5.887 (3.982-8.702)

1
2.632 (1.574-4.400)

1
8.120 (4.115-16.024)

1
1.970 (1.249-3.106)

1
2.509 (1.724-3.650)

1
3.288 (2.209-4.893)

1
3.948 (2.635-5.917)

1
3.474 (2.413-5.002)

1
0.312 (0.180-0.539)
0.215 (0.075-0.620)

<0.001

<0.001
<0.001

<0.001
<0.001

0.385
<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
0.004

Continuous variables are quoted as medians (ranges)

CI confidence interval, AFP alpha-fetoprotein, AFP-L3Lens culinaris aggluti-
nin-reactive fraction of AFP, DCP des-y-carboxy prothrombin, ALT alanine
aminotransferase, AST aspartate aminotransferase, LDH lactate dehydrogenase,
ALP alkaline phosphatase, /FN interferon, SVR sustained virologic response

14.8% in group D1; 1.8, 4.3, and 16.3% in group D2; and
10.0, 25.0, and 48.2% in group D3, respectively, and the
cumulative incidence of HCC differed significantly

@ Springer

between groups D1 and D3 and groups D2 and D3
(Fig. 5).

Factors associated with the incidence of hepatic
carcinogenesis on multivariate analysis

Factors associated with the incidence of HCC as analyzed
by the Cox proportional hazards model and the forward
selection method are listed in Table 3. Age >65 years, low
platelet count, high AST level, high AFP level, and high
AFP-L3% level were significantly associated with the
incidence of HCC. Factors associated with the incidence of
HCC were analyzed in patients with chronic hepatitis and
cirrhosis (Table 4). High age, low platelet count, high AST
level, and high AFP level were significantly associated
with the incidence of HCC in chronic hepatitis, and male
sex, high age, low platelet count, high AFP level, and high
AFP-L3% level were significantly associated with the
incidence of HCC in cirrhosis. Factors associated with the
incidence of HCC were analyzed in patients with and
without IFN treatment (Table 5). Male sex, low platelet
count, low cholinesterase level, and high AFP level were
significantly associated with the incidence of HCC in
patients with IFN therapy and male sex, high age, low
platelet count, high AFP level, and high AFP-L3% level
were significantly associated with the incidence of HCC in
patients without IFN therapy.

Discussion

Advances in US, CT, and MRI have allowed for the more
frequent and earlier detection of small HCC tumors less
than 2 cm in diameter during the routine follow-up of
patients with chronic liver disease [21-23]. However, the
performance and resolution of the imaging device, the
skills of individual operators, and the diagnostic acumen of
the interpreting radiologist all affect the early detection of
HCC. AFP, AFP-L3%, and DCP levels have been used as
prognostic markers rather than diagnostic markers for HCC
[9]. However, the detection rate of small HCC tumors with
these markers is low; AFP-L3% and DCP have low sen-
sitivity, and AFP has low specificity. Sassa et al. [12]
reported detection rates of 22.6 and 48.4% for AFP-1.3%
and DCP, respectively, in patients with small HCC tumors.
It is currently thought that serum markers are useful for
follow-up after HCC therapy in patients with high tumor
marker levels before treatment [24].

We have previously reported that the average integration
value of ALT correlates with the cumulative incidence
of hepatocarcinogenesis, even within the normal range
[13, 14]. In the present study, the average integration value
of AFP was not selected as a factor associated with the
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incidence of HCC on multivariate analysis. AFP produc-
tion is thought to be increased in response to injury, pos-
sibly due to increased hepatocyte turnover, in patients with
HCV who do not have HCC [25]. In contrast, increased
ALT levels are correlated with hepatocellular necrosis but
not with hepatocyte proliferation. This difference may at

least partially explain the absence of correlation between
ALT and AFP levels.

The multivariate analysis in our series was carried
out to minimize the influence of confounding factors, and
5 factors were selected by the forward selection method. Age
>05 years, low platelet count, high AST value, high AFP
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Table 3 Factors associated with hepatocarcinogenesis (multivariate
analysis)

Adjusted hazard P
ratio (95% CI)

Age (years)

<65 1

>65 2.303 (1.551-3.418) <0.001
Platelets (x 104/mm3)

>12.0 1

<12.0 3.086 (1.997-4.768) <0.001
AST (IU/L)

<40 1

>40 3.001 (1.373-6.562) 0.006
AFP (ng/mL)

Al; <10 1

A2; >10, <20 2.814 (1.686—4.697) <0.001

A3; >20 3.405 (2.087-5.557) <0.001
AFP-L3 (%)

Ll; <5 1

L2; =5, <10 2.494 (1.291-4.816) 0.007

L3; >10 3.555 (1.609-7.858) 0.002

AST aspartate aminotransferase, AFP alpha-fetoprotein, AFP-L3 Lens
culinaris agglutinin-reactive fraction of AFP

level, and high AFP-1.3% level were significantly associated
with hepatic carcinogenesis in our multivariate analysis, but
serum ALT level was not a risk factor for developing HCC.
Ikeda et al. [26] reported that the cumulative incidence of
HCC increased significantly in cirrhotic patients with an
AFP level >10 ng/mL compared to those with an AFP level
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<10 ng/mL, and the adjusted risk ratio was 15.788 in HCV
patients. They speculated that AFP is a marker of disease
activity or severity and cellular regeneration, and it acts as a
better predictor of HCC with viral etiology of cirrhosis. As an
index of hepatic regeneration, the AFP level better represents
the risk of hepatic carcinogenesis than an index of liver injury
(e.g., ALT level). In addition to AFP, AFP-L.3% was iden-
tified as a factor predicting the development of HCC, and this
is a specific marker for the existence of HCC. Therefore,
elevations in AFP-L.3% may reflect an occult cancer that is
undetectable with current imaging modalities. More inten-
sive surveillance is needed for patients such as those who
fulfill the criteria of groups L2 and L3 in our series, although
these groups were very small in size. However, similar to
other laboratory values, as high AFP-LL3% values may be
associated with severe liver damage, it is necessary to
interpret these values carefully. DCP is well known to be also
a specific marker of HCC. DCP is more closely related to
tumor size than AFP and AFP-L3% [27]. Therefore, it is
thought that these were the reasons that DCP was not selected
as a predictive marker for HCC in our multivariate analysis.

Among the other risk factors we identified for the
development of HCC, a low platelet count stands out. The
platelet count is a useful marker for the diagnosis of cirrhosis
[28], and cirrhosis is an established risk factor for HCC in
HCYV carriers [26, 28-30]. Taken together with our other
findings, the low platelet count suggests that HCC develops
in patients with progressive or advanced liver disease. We
additionally used ultrasound (US) to distinguish cirrhotic
patients from non-cirrhotic patients [16—18]. The presence
of cirrhosis on US was strongly associated with an increased
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Table 4 Factors associated with hepatocarcinogenesis on multivari-
ate analysis in patients with chronic hepatitis and cirrhosis

Chronic Cirrhosis
hepatitis (n = 160)
(n = 463)
Age (years): <65 vs. >65 <0.001 0.008
Gender: female vs. male <0.001
Platelets (x 10%/mm?): >12.0 vs. <12 0.001 0.007
AST (IU/L): <40 vs. >40 0.043
AFP (ng/mL): <10 vs. >10, <20 vs. >20  <0.001 0.003
AFP-L3 (%): <5 vs. >5, <10 vs. >10 0.017

AST aspartate aminotransferase, AFP alpha-fetoprotein, AFP-L3 Lens
culinaris agglutinin-reactive fraction of AFP

Table 5 Factors associated with hepatocarcinogenesis on multivari-
ate analysis in patients with and without IFN treatment

With IFN  Without IFN
(n =189) (n = 434)

Age (years): <65 vs. >65 0.001
Gender: female vs. male 0.005 <0.001
Platelets (x 10*/mm?®): >12.0 vs. <12.0 0.047  <0.001
Cholinesterase (IU/L): >431 vs. <431 0.007

AFP (ng/mL): <10 vs. >10, <20 vs. >20 <0.001 <0.001
AFP-L3 (%): <5 vs. =5, <10 vs. >10 <0.001

IFN interferon, AFP alpha-fetoprotein, AFP-L3 Lens culinaris
agglutinin-reactive fraction of AFP

incidence of HCC on univariate analysis, but US-determined
cirrhosis was not identified as a risk factor on multivariate
analysis. Histologic assessment of fibrosis and cirrhosis was
obtained in only 187 patients (30.0%), and patients with F4
fibrosis had a higher incidence of HCC in our univariate
analysis. However, the population of patients with material
available for histologic review was only one-third the size of
the entire study population, and this small number may have
negatively affected our ability to detect the predictive nature
of fibrosis at all levels of severity. In contrast to serum ALT,
serum AST levels were significantly associated with the
incidence of HCC. AST levels are often abnormal in patients
with cirrhosis when ALT values are in the normal range, and
the AST/ALT ratio is frequently greater than 1 in cirrhotic
patients [31]. Elevated AST activity is a surrogate marker for
cirrhosis. Aging is associated with a number of events at the
molecular, cellular, and physiological levels that influence
carcinogenesis and subsequent cancer growth [32]. It has
been hypothesized that an age-associated decrease in DNA
repair [33] contributes to the development of HCC.

Recent reports have shown that AFP levels fall following
the administration of IFN with or without ribavirin [34, 35].
IFN has been shown to have antiviral, anti-inflammatory,
and anticancer activities [36]. One study demonstrated an

anticancer effect of IFN when this agent was given
following intrahepatic recurrence after HCC resection
[37], and in our study, previous treatment with IFN was
a factor associated with a reduced incidence of HCC on
univariate analysis. The median ages of our patients with
and without IFN treatment were 53 years (range 28-71)
and 65 years (range 26-84), respectively; the age in
those receiving IFN was significantly lower than the age
in the group without IFN (P < 0.0001). It is thought that
age and IFN therapy are confounding factors because
IFN therapy has better results in younger patients.
Although IFN was not identified as a predictive factor on
multivariate analysis, the possibility cannot be denied
that IFN may play an important role in modulating AFP
levels prior to the onset of HCC.

In conclusion, increased AFP or AFP-L.3% levels were
significantly associated with an increased incidence of
HCC. Among HCV carriers, patients with >10 ng/mL AFP
or patients with >5% AFP-L.3% are at very high risk for the
development of HCC even if AFP is less than 20 ng/mL or
AFP-L3% is less than 10%, which are the most commonly
reported cutoff values. Intensive imaging modalities
including US, CT, and MRI are recommended every
3—6 months for these patients.
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Abstract

Summary Postmenopausal hemodialysis patients are at risk
of complications related to renal mineral and bone disorder,
and postmenopausal osteoporosis. In 112 postmenopausal
hemodialysis patients, free estrogen index was positively
correlated with bone mineral density (BMD) Z-score and
the annual percent change of BMD in multiple regression
analysis. Endogenous estrogen may prevent bone loss in
postmenopausal hemodialysis patients throughout life.
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IntroductionWomen on dialysis are not only at risk of
developing mineral and bone disorder, but also suffer from
postmenopausal osteoporosis. We assessed the effect of
sex hormones on bonc metabolism in postmenopausal
hemodialysis patients.

Methods We enrolled 112 postmenopausal hemodialysis
patients with a mean age of 68.4+10.4 years. We measured
the serum levels of estradiol, testosterone, sex hormone-
binding globulin (SHBG), and intact parathyroid hormone
(intact-PTH), as well as bone metabolism parameters and
radial bone mineral density (BMD). The free estrogen index
(FED) was calculated from the estradiol and SHBG values.
After conventional dialysis was performed for 12 months,
BMD was measured again and the annual percent change
was calculated. Estradiol and SHBG were also measured in
25 postmenopausal women without chronic kidney disease.
Results Estradiol levels were higher in the hemodialysis
patients than in the postmenopausal women without chronic
kidney disease. In patients with relatively normal bone
turnover (intact-PTH: from 150 to 300 pg/mb), the FEI
showed a positive correlation with the BMD Z-score. The
annual percent change of BMD showed a positive correla-
tion with the FEI according to multiple regression analysis.
Conclusions Endogenous estrogen may prevent bone loss
in postmenopausal hemodialysis patients throughout life.

Keywords Bone metabolism markers - Bone mineral
density - Estradiol - Hemodialysis - Parathyroid hormone -
Post menopausal osteoporosis

Introduction

A significant decrease of the bone mineral density (BMD)
has been reported in hemodialysis patients compared with
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the general population and this decline of BMD becomes
more marked as the duration of dialysis lengthens [1].
Hemodialysis patients often have secondary hyperparathy-
roidism due to hyperphosphatemia, impaired vitamin D
activation, and hypocalcemia. Hyperparathyroidism not only
leads to a low BMD and high fracture rate, but also impairs
the health-related quality of life [2].

Estrogen is a sex hormone that is known to inhibit bone
resorption [3]. Estrogen deficiency stimulates the prolifera-
tion and differentiation of osteoclast precursors, and activates
mature osteoclasts [3, 4]. In addition, estrogen activates
osteoblasts both directly and indirectly via growth factors
such as insulin-like growth factor (IGF) I and II [5]. For
these reasons, estrogen deficiency after menopause leads to a
decrease of BMD. Postmenopausal women with an unde-
tectable serum estradiol level have a higher risk of fracture
than women with a serum estradiol level >5 pg/ml [6]. Thus,
endogenous estrogen production still has an important
influence on bone strength after menopause.

Despite frequent contact with medical care providers,
women’s health issues may receive less attention in patients
on dialysis compared with women in the general population
[7). Women on dialysis are at risk of developing complica-
tions related to both mineral and bone disorder and
postmenopausal osteoporosis, but there has been little
investigation of the relationship between endogenous bor-
mones and bone metabolism. Therefore, we studied the
influence of endogenous sex hormones on bone metabolism
in postmenopausal Japanese women receiving hemodialysis.

Subjects and metheds
Subjects

We enrolled postmenopausal women (all ethnic Japanese)
who had been on hemodialysis for over 1 year at Hakuai
Clinic (Kure, Japan), Clear Yakeyama Clinic (Kure,
Japan), and Chuonaika Clinic (Kure, Japan). We exclud-
ed patients who had received hormone replacement
therapy, parathyroidectomy, or kidney transplantation.
Patients who had undergone limb amputation were also
excluded because of difficulty in calculating the body
mass index (BMI). Furthermore, we excluded patients
who were on steroid therapy. We alsq enrolled 25
postmenopausal women without chronic kidney disease
(serum creatinine: <1.0 mg/dl). The definition of menopause
was the same as for the hemodialysis group. None of the
subjects had been on estrogen replacement therapy or had
undergone cophorectomy.

The definition of menopause according to the World
Health Organization is “The permanent cessation of
menstruation resulting from loss of ovarian follicular
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activity.” In our study, menopausal status was defined as a
history of bilateral cophorectomy or an age 255 years
without menstruation for over 1 year, because more than
80% of women in the general population are postmeno-
pausal by the age of 55 years [8]. Women younger than
55 years who had been without menstruation for over
1 year or who had received hysterectomy or oophorec-
tomy were considered to be menopausal if they had a
follicle-stimulating hormone (FSH) level>30 mIU/mL.
We measured the serum FSH of the 12 patients who were
under 55 years old, and excluded one patient with an
FSH level <30 mIU/ml. Accordingly, we enrolled a total
of 112 patients in this study and they continued
conventional hemodialysis for 12 months. During the
study period, ten patients were lost to follow-up because
of transfer to another hospital or death, so a total of 102
patients could be followed for 12 months.

This study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved by
the hospital ethics committees of the participating hospitals.
All of the subjects gave informed consent to participation.

Measurement of the radial BMD

We measured the BMD at the distal one-third of the radius
by dual-energy X-ray absorptiometry (DOS-600, Aloka,
Tokyo). The BMD Z-score was calculated by the following
equation: (actual BMD—average BMD for the same age and
gender)/standard deviation of the BMD for the same age
and gender. After 12 months, we measured the BMD again
and calculated the annual percent change as follows: 100x
(follow-up BMD—baseline BMD)/baseline BMD.

Biochemical parameters

At the time of measuring the baseline BMD, venous blood
samples were collected after an overnight fast for measure-
ment of the serum concentrations of intact parathyroid
hormone (intact-PTH), calcium, phosphate, bone-specific
alkaline phosphatase (B-ALP), cross-linked N-terminal
telopeptide of type I collagen (NTx), tartrate-resistant acid
phosphatase (TRAP), estradiol, testosterone, and sex
hormone-binding globulin (SHBG). For calcium and
phosphate levels, the mean values were determined over a
period of 3 months. The adjusted calcium level was
calculated by Payne’s formula [9].

Estradiol was measured with a DPC estradiol double-
antibody kit (Mitsubishikagaku Yatoron, Tokyo, Japan) and
all samples were evaluated in duplicate. The DPC estradiol
double-antibody kit is a highly sensitive assay with a
detection limit of 2.5 pg/ml. Intact-PTH was measured with
an intact-PTH kit (Roche Diagnostics, Tokyo, Japan). B-
ALP was measured by an immunoassay using microtiter
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strips coated with a monoclonal anti-B-ALP antibody
(Metra Biosystems, Mountain View, CA, USA), NTx was
measured with an Osteomark-NTx serum kit (Ostex
International, Seattle, WA, USA), and TRAP was measured
with an N-Assay ACP Nittobo kit (Nitto Boseki, Tokyo,
Japan). Testosterone was measured with an Immulite-1000
Testosterone kit (Mitsubishikagaku Yatoron), and SHBG was
measured with an Immulite-2000 SHBG kit (Mayo Medical
Laboratories, Rochester, MN, USA). The fiee estrogen index
(FEI) was calculated from total estradiol and SHBG by the
following equation: FEI = estradiol(pg/ml) x 0.367/
SHBG(nmol/l). The free androgen index (FAI) was
calculated from total testosterone and SHBG by the
following equation: FAI = testosterone(ng/ml) x 3.47 x
100/SHBG(nmol/1) [10, 11].

Statistical analysis

All variables were expressed as the mean+SD or median
and interquartile range (25th to 75th percentiles), unless
otherwise indicated. The patients were divided into two
groups according to whether the serum estradiol level was
<2.5 pg/ml or >2.5 pg/ml. Statistical analysis was
performed by the Mann-Whitney U test, or the x> test
was used for categorical data.

The following variables were included in univariate and
multivariate models: age (l-year intervals), duration of
hemodialysis (1-month intervals), diabetes (present/absent),
vitamin D therapy (present/absent). In multiple regression
analysis, we used log-transformed (log;o) values for the
following parameters: duration of hemodialysis, intact-
PTH, B-ALP, NTx, and TRAP.

Multiple regression analysis with forward elimination
was used to evaluate possible independent predictors of the
FEI by testing a total of 13 variables (age, duration of
hemodialysis, diabetes, BMI, vitamin D therapy, intact-
PTH, adjusted calcium, phosphate, B-ALP, NTx, TRAP,
FAJ, and SHBG).

We examined the relationship between the BMD Z-score
and the following factors using Spearman’s rank correlation
analysis: duration of hemodialysis, diabetes, BMI, vitamin
D therapy, dose of oral calcium, dose of sevelamer
hydrochloride, intact PTH, adjusted calcium, phosphate,
B-ALP, NTx, TRAP, FEI, FAl, and SHBG. Furthermore,
multiple regression analysis with forward elimination was
used to evaluate possible predictors of the BMD Z-score by
testing a total of 15 variables (duration of hemodialysis,
diabetes, BMI, vitamin D therapy, dose of oral calcium,
dose of sevelamer hydrochloride, intact-PTH, adjusted
calcium, phosphate, B-ALP, NTx, TRAP, FEI, FAI, and
SHBG). Then we selected a subgroup of patients with
relatively normal bone tumover who had intact-PTH levels
ranging from 150 to 300 pg/ml. In all of the patients and in

this subgroup, Spearman’s rank correlation analysis was
used to assess the relation between the BMD Z-score and
the FEI. The BMD Z-score was used instead of raw
BMD data because employing a BMD Z-score adjusted
for age and sex made the model much closer to ideal.
Finally, we examined the annual percent change of BMD
by Spearman’s rank correlation analysis and multiple
regression analysis with forward elimination. The varia-
bles employed were the same as for the cross-sectional
analysis of BMD Z-score.

Results

Although age and SHBG did not differ between the
postmenopausal hemodialysis patients and postmenopausal
women without chronic kidney disease (age: 68.4+:10.4 vs.
69.7+8.6, P=0.393; SHBG: 67.44+25.4 vs. 67.7+25.6, P=
0.850, respectively), estrogen levels were higher in the
hemodialysis patients. Despite using a highly sensitive
estradiol kit, 43 out of 112 postmenopausal hemodialysis
patients had undetectable estradiol levels versus 22 out of
25 women without chronic kidney disease (38.4% vs.
88.0%, P<0.0001).

We stratified the subjects into two groups based on a serum
estradiol level <2.5 pg/ml or >2.5 pg/ml. Table 1 shows the
clinical and laboratory parameters of these two groups. In the
group with a serum estradiol level <2.5 pg/ml, the levels of
intact-PTH, B-ALP, and NTx, as well as the BMD, BMD Z-
score, and BMD T-score, were all smaller than in the group
with a serum estradiol level >2.5 pg/ml, but these differences
did not reach significance.

Stepwise multiple regression analysis was performed for
all 112 patients to find independent predictors of the FEI
(Table 2). As a result, the FEI showed a positive correlation
with the FAI, diabetes, and intact-PTH, as well as a
negative correlation with SHBG.

Next, we examined the factors that influenced the BMD
Z-score by Spearman’s rank correlation analysis. There was
a negative correlation with the duration of hemodialysis,
vitamin D therapy, B-ALP, and NTx. When stepwise
multiple regression analysis was performed in all 112
patients to find independent predictors of the BMD Z-
score, there was a negative correlation with duration of
dialysis and B-ALP, as well as a positive comrelation with
the FEI (Table 3).

Secondary hyperparathyroidism is strongly associated
with a decrease of the BMD [12], so we also investigated
comrelations in our patients with relatively normal bone
turnover who bad intact-PTH levels in the range from 150
to 300 pg/mL In this subgroup (n=32), the FEI showed a
positive comrelation with the BMD Z-score (r=0.658, P<

0.001), despite showing no correlation with the Z-score (=
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Table 1 Clinical and laboratory

pasameters of the two estradiol Estradiol <2.5pg/m}  Estradiol >2.5pg/ml P value
grovps Number 43 69
Age (years) 697493 67.6+11.0 0330
Duration of hemodialysis (months) 66 (39-111) 69 (37-133) 0.609
Dizbetes (%) 13 (30.2%) 26 (37.7%) 0.509
BMI (kg/m?) 21.1x3.5 20.7+£3.0 0.809
sBP (mmHg) 137.3£26.1 133.4£199 0209
dBP (mmHg) 69.6+12.3 615£12.2 0.114
Vitamin D therapy (%) 17 (39.0%) 36 (52.2%) 0.747
Statistical analysis was Dose of oral calcium (mg/day) 1825.6£1353.5 1840.6+1511.0 0.940
perf'omedewhmn% o  Doseof scvelamer hydrockloride (mg/day) ~ 476.71088.1 789.9+1161.3 0.182
wi' M' Y for categorical data Intact-PTH (pg/dl) 130.8 (57.0-194.0) 1452 (66.8-289.4) 0.114
BMI body mass index, Adjusted Calcium (mg/dl) 9310.6 9.440.7 0.637
sBP systolic blood pressure,  Phosphate (mig/dl) 49x1.0 52£12 0.140
dBP diastolic blood pressure, g ATP (UM 31.2 (24.040.2) 33.3 (25.147.5) 0.189
fack- f&%‘mg NTx (nmol BCEA) 762 (59.4-119.0) 100.0 (60.7-175.5) 0.076
alkaline phosphatase, NTx  TRAP (IU/D) 123 (10.8-15.0) 15.1 (10.0-15.1) 0.876
cross-linked N-terminal telopep-  FEI - 0.072+:0.065 -
tide of type I collagen, TRAP  gupG (molt) 70.8+31.8 64.1+27.3 0284
tartrate-resistant acid phospha- 2
tse, FEI free cstrogen index, ~ BMD (g/om’) 0.439+0.100 0.474£0.111 0.091
SHBG sex hormone-binding  BMD-Z score (SD) -0.504+1.214 -0.232+1.198 0212
globulin, BMD bone mineral  BMD-T score (SD) -3.861+1.881 ~3.270+2.186 0.142

density

0.136, P=0.155) in all patients (n=112). When we
examined factors that influenced the annual percent change
of BMD by Spearman’s rank correlation analysis, there was a
positive correlation with the FEL, while there was a negative
comrelation with intact-PTH, NTx, and TRAP. Stepwise
multiple regression analysis was performed to find indepen-
dent predictors of the annual percent change of BMD,
showing a positive correlation with the FEL as well as a
negative correlation with intact-PTH and NTx (Table 4).

Discussion
Women on dialysis are at risk of suffering from renal

mineral and bone disorders as well as postmenopausal
osteoporosis. In this study, we investigated the effect of sex

Table 2 Factors with an independent influence on the FEI according

to stepwise multiple regression analysis

Factor g F value P value
FAl 0.207 5.883 0.017
Diabetes 0.187 4.883 0.031
Intact-PTH® 0.182 4.623 0.033
SHBG -0379 19.407 <0.001

R2=0246; P<0.001; the F value was set at 4 in cach step
*The intact-PTH levels were transformed to log values

Q) springer

hormones on bone metabolism in postmenopausal hemo-
dialysis patients, and we found that estradiol levels were
higher in these patients than in women without chronic
kidney disease. In patients with relatively normal bone
turnover (intact-PTH: 150-300 pg/ml), the FEI had a
positive correlation with the BMD Z-score. The annual
percent change of BMD showed a positive correlation
with the FEI according to multiple regression analysis.
These findings suggest that endogenous estrogen pre-
vents bone loss in postmenopausal hemodialysis patients
throughout life.

In the present study, the FEI demonstrated a positive
comrelation with intact-PTH (Table 2). Estrogen has been
reported to promote PTH secretion [13], while expression
of estrogen receptor mRNA has been demonstrated in rat
parathyroid tissue and binding of estrogen to the parathy-
roid glands has been shown by immunohistochemistry [14].
These findings suggest that estrogen might promote PTH
secretion in ‘postmenopausal hemodialysis patients as it
does in healthy postmenopausal women. During early
menopause, a sudden decrease of estrogen leads to high
bone turnover, increased bone resorption, and a reduction
of PTH. In late menopause, however, low intestinal calcium
absorption [15] and low renal calcium bandling [16] are
primarily responsible for a higher serum PTH level [17].
Therefore, healthy postmenopausal women first show a
decrease of the PTH level and then it gradually rises with
increasing age. This suggests that there might be no
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" Table 3 Factors comelated with

the BMD Z-score Factor Simple Multiple

P P g F P

7 - - . 0219 (P<0.001)

BMIT body mass index,
intact-PTH imtact parathyroid Duration of hemodialysis® -0322 0.001* -0.289 11.09%6 0.001
hormone, B-ALP bone-specific . 0.104 0272 NA
alkaline phosphatase, NTx Diabetes - - - -
cross-linked N-terminal telopep-  BMI 0.151 0.111 - NA -
tide of type I collagea, TRAP Vitamin D therapy -0.243 0.011 -0.179 4312 0.040
mmﬁj?t acid ;Wh"' Dose of oral calcium -0.021 0.825 - NA -
sex hormone-binding globulin, Intact-PTH* -0.175 0.064 - NA -
BMD bone mineral density, N4 Adjusted calcium —0.046 0.963 - NA -
mot acoepted as significant. Phosphate 0065 0495 - NA -
M“"‘P'.:’nmp‘”'””& “,’I“f’e"ij’k ; B-ALP* -0.225 0.017 ~0214 6.106 0.015
was set at 4.0 in each step NI —021s 0.023 - NA -
*These varisbles were transformed TRAP* 0.172 0.070 - NA -
to log values for stepwise multiple  FEI 0.136 0.155 0.204 5.683 0.019
regression analysis FAI 0.023 0.809 - NA -
*P<0.01, simple: Spearman’s  SHRG —0.154 0.106 - NA -
rank correlation analysis

correlation between estradiol and PTH in healthy postmen-
opausal women,

BMD has been reported to show a strong correlation
with intact-PTH [12]. Therefore, we investigated the
relation between the FEI and BMD Z-score in our patients
with relatively normal bone tumnover (an intact-PTH level
from 150 to 300 pg/ml). We considered that the intact-PTH
level would have little influence on the BMD of this
subgroup. As a result, we found that the FEI had a positive

correlation with the BMD Z-score in this subgroup.
Estrogen deficiency was reported to increase the secretion
of interleukin-1, interleukin-6, interleukin-11, and tumor
necrosis factor-o and -8 [18-20], which activate mature
osteoclasts indirectly via a primary effect on osteoblasts and
by stimulating the proliferation and differentiation of
osteoclast precursors [3, 4]. These findings suggest that
estrogen could inhibit bone loss in postmenopausal hemo-
dialysis patients.

Table 4 Factors cormrelated with

the annual percent change of Factor Simple Multiple
BMD -

p - P B F P

7 - - 0.183 (P<0.001)
BMI body mass index, intact- Age 0.158 0.113 - NA -
PTH intact parathyroid Duration of hemodialysis® -0.200 0.044 - NA -
mh“’“f"“;m°mwc Diabetes 0.204 0.041 - NA -
cross-linked N-terminal telopep- ~ BMI 0.101 0.308 - NA -
tide of type I collagen, TRAP Vitamin D therapy -0.015 0.877 _ NA -
mﬁ?t acid P“iz;!;‘:’ Dose of oral calcium 0.127 0.202 - NA -
estrogen .
FAI free androgen index, SHBG Dose of sevelamer hydrochloride -0.117 0.240 - NA -
sex hormone-binding globulin, Intact-PTH* -0.325 0.001* —-0.233 5.109 0.026
BMD bone mineral density, NA  Adjusted calcium 0.069 0.485 - NA -
“°:1“°°°P] tod as s‘g“’ﬁml‘ Phosphate 0.038 0.702 - NA -
Multiple: stepwise multiple _ _
el . The 7 B-A{,P' -0.197 0.048‘ NA

mg set at 4.0 h’ each step NTx ~0.260 0.009 -0.204 4017 0.048
*These varisbles were transformed ~ TRAP* -0270 0.007* - NA -
to log values for stepwise multiple ~ FEI 0.363 <0.001* 0271 8.569 0.004
regression analysis FAI 0.173 0.083 - NA -
*P<0.01, simple: Spearman’s  gyRG -0.152 0.127 - NA -
rank correlation analysis
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In the present study, the BMD Z-score showed a positive
correlation with the FEI and a negative correlation with B-
ALP according to multiple regression analysis (Table 3). In
addition, the annual percent change of BMD was positively
correlated with the FEI according to multiple regression
analysis, as well as being negatively comrelated with intact-
PTH and NTx. The negative correlation between BMD and
B-ALP indicates that BMD was lower in patients with a
high bone tumover. B-ALP showed a strong correlation
with intact-PTH. On the other hand, PTH secretion was
promoted by estrogen, even though the FEI showed a
positive comelation with both the BMD Z-score and the
annual percent change of BMD. Thus, estrogen may have
two opposing effects on bone metabolism in postmeno-
pausal hemodialysis patients. Estrogen is well known to
directly inhibit bone resorption [3]. In addition, estrogen
activates osteoblasts both directly and indirectly via the
action of growth factors such as IGF-I and -II [S]. Thus,
estrogen is thought to decrease bone resorption and increase
bone formation in postmenopausal hemodialysis patients.
On the other hand, estrogen has previously been reported to
promote PTH secretion [13], and we also showed a positive
correlation between the FEI and intact-PTH. An increase of
PTH increases bone remodeling. In hemodialysis patients,
however, a high PTH level is strongly associated with a
decrease of BMD. If estrogen only acted to promote PTH
secretion, BMD would decrease. However, our study
showed that the FEI was positively correlated with the
BMD Z-score and the annual percent change of BMD, so
the direct effect of estrogen on bone appears to outweigh its
indirect effect via PTH.

In the present study, the FEI showed a positive comrelation
with the presence of diabetes according to multiple regression
analysis (Table 2). Many studies have assessed the relation
between estrogen and diabetes, and it has been reported that
the plasma estradiol level is positively associated with
insulin resistance in postmenopausal women [21]. In
addition, higher plasma estradiol levels are prospectively
related to an increased risk of type 2 diabetes in postmen-
opausal women [22]. Furthermore, exposure to estradiol
induces an increase of pancreatic §-cell insulin in mice and
leads to chronic hyperinsulinemia, while longer exposure to
estradiol enhances the risk of type 2 diabetes [23].

Weisinger et al. [24] reported on the correlation between
serum estradiol and BMD in women under 50 years old.
They showed that persistently amenorrheic younger women
on dialysis had a lower trabecular BMD compared with
normally menstruating women on dialysis, and they found
that lumbar spine BMD was significantly correlated with
the total estradiol level in the amenorrheic group. We
studied postmenopausal women under 85 years old on
hemodialysis and showed that the serum estradiol level had
a positive correlation with the BMD-Z score. Accordingly,

4 springer
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estradiol seems to influence bone metabolism in postmen-
opausal women on hemodialysis throughout life. Cum-
mings et al. [6] reported that an undetectable serum
estradiol level was a risk factor for fracture in postmeno-
pausal women. Qur results indicate that patients with a low
FEI have a low BMD and might have a higher risk of
fracture. Hemodialysis patients already show an increased
risk of fracture compared with healthy persons, so we have
to pay close attention to the estradiol level in postmeno-
pausal women on hemodialysis.

There have been conflicting reports about serum estra-
diol levels in postmenopausal women with end-stage renal
disease [25-27]. Tanaka et al. [27] reported that estradiol
levels were higher in hemodialysis patients and our findings
support their results.

One of the limitations of this study is that we only measured
the BMD at the radius. However, Ettinger et al. [28] reported
that women with estradiol levels from 10 to 25 pg/ml had a
4.9%, 9.6%, 7.3%, and 6.8% higher BMD of the total hip,
calcaneus, proximal radius, and spine, respectively, than
women with estradiol levels below 5 pg/ml. According to
their report, estradiol prevents both cortical and trabecular
bone loss in healthy postmenopausal women.

In healthy postmenopausal women, the risk of breast
cancer, pulmonary embolism, coronary artery disease, and
cerebrovascular disease is increased by long-term combined
estrogen and progesterone therapy [29]. However, treatment
with raloxifene (a selective estrogen receptor modulator)
seems to be less harmful in women with osteoporosis, and
3 years of raloxifene therapy increases the lumbar spine
BMD along with a marked decrease of vertebral fractures
[30]. Thus, newer therapeutic regimes for postmenopausal
hemodialysis patients are expected to include raloxifene.

In conclusion, this study revealed that the FEI was
positively correlated with the BMD Z-score and the annual
percent change of BMD in postmenopausal women on
hemodialysis. Endogenous estrogen may prevent bone loss
in postmenopausal hemodialysis patients throughout life.
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