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%2 HBV DNA BG4#ILE 797 Bl & (T 5 genotype B & =5
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From: World Health Organization. Introduction of hepatitis B vaccine into childhood immunization services, 2001,
Geneva, WHO, WHO/V&B/01.31

Geographical distribution of chronic hepatitis B virus infection. (Note: The boundaries and names shown
and the designations used on this map do not imply the expression of any opinion whatsoever on the part
of the World Health Organization concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent
approximate border lines for which there may not yet be full agreement.) ‘

4 World distribution map (XC#™ & 9 51H)
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ELSEVIER
Optimization of Immunosuppressive Therapy Based on a

Multiparametric Mixed Lymphocyte Reaction Assay Reduces Infectious
Complications and Mortality in Living Donor Liver Transplant Recipients

Y. Tanaka, H. Tashiro, T. Onoe, K. ide, K. Ishiyama, and H. Ohdan

ABSTRACT

Aim. We investigated the clinical relevance of immune monitoring by a multiparametric
mixed lymphocyte reaction (MLR) assay, wherein the number and phenotype of allore-
active precursors can be quantified by combining the results of carboxyfluorescein
diacetate succinimidyl ester labeling and flow cytometry analysis.

Methods. In 51 adult patients undergoing living donor liver transplantation (OLT), immu-
nosuppressive drugs were dosed on the basis of immune monitoring by the MLR assay
(optimized protocol: group O). In 64 other patients, the agents were prescribed according to
empirical regimens (empirical protocol: group E). In group O, MLR assays were performed at
2- to 4-week intervals until 3 months after OLT and thereafter at 3- to 6-month intervals.
Therapeutic adjustments for immunosuppressants were determined by tapering the doses in
cases of anti-donor hyporesponsiveness for both CD4* and CD8" T-cell subsets.

Results. The 1-year patient and graft survivals in groups O versus E were 90.2% versus
76.6%, respectively. The incidence of acute rejection episodes (ARE) among group O
(13.7%) were lower than in cohort E (28.1%). None of the patients in group O while four
patients (3%) in group E already have shown chronic rejection to date. The incidences of
bacteremia and fungal infections in group O (9.8% and 7.5%, respectively) were lower

than in cohort E (18.8% and 12.6%, respectively).

Conclusion.
immunosuppressive regimens.

A multiparametric MLR assay may facilitate the development of adequate

ATIENTS UNDERGOING LIVER TRANSPLAN-
TATION (OLT) receive immunosuppressants accord-
ing to empirical protocols, which seek to take into account the
risks of under- versus oversuppression, rejection, infection,
and adverse drug reactions. However, an individually opti-
mized immunosuppressive protocol developed on the basis of
immune monitoring would be useful to avoid these undesir-
able effects. The aim of this study was to investigate the clinical
relevance of immune monitoring by a multiparametric mixed
lymphocyte reaction (MLR) assay, wherein the number and
phenotype of alloreactive precursors is quantified by combin-
ing the results of carboxyfluorescein diacetate succinimidyl
ester (CFSE) labeling with flow cytometry (FCM) analysis.

PATIENTS AND METHODS
Patient Population and Immunosuppressive Protocol

We enrolled 115 patients who underwent adult-to-adult living
donor OLT (LDLT). The basic immunosuppressive regimen con-
sisted of tacrolimus or cyclosporine with methylprednisolone in

© 2012 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710

Transplantation Proceedings, 44, 555-559 (2012)
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gradually tapered doses. Among 64/115 patients, the immunosup-
pressants were dosed according to empirical regimens (empirical
protocol: group E). In 51 other patients, immunosuppressive drugs
were prescribed on the basis of immune monitoring by the MLR
assay (optimized protocol: group O). In this group, MLR assays
were performed at 2- to 4-week intervals until 3 months after
LDLT, and thereafter at intervals of 3 to 6 months.
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MLR Assay

Peripheral blood mononuclear cells (PBMCs) prepared from re-
cipients (autologous controls), donors or healthy volunteers (third-
party control) serving as stimulator cells were irradiated with 30
Gy. Recipient responder cells were labeled with CFSE. Both the
stimulator and responder cells were cocultured at 37°C in the dark
for 5 days, as described previously.! After MLR culture, harvested
nonadherent cells were stained with either phycoerythrin-conjugated
CD4 or CD8 monoclonal antibodies (mAbs; BD Pharmingen, San
Diego, Calif, USA) together with allophycocyanin-conjugated
CD25 mAbD (BD Pharmingen). The four-color FCM was performed
on a FACSCalibur dual-laser cytometer (Becton Dickinson, Moun-
tain View, Calif, USA). Dead cells were excluded from the analysis
by light scatter and/or propidium iodide fluorescence.

Quantifying Proliferation of CD4* and CD8" T Cells

Precursor frequency (PF), proliferation index (PI), and stimulation
index (SI) were quantitatively estimated using the previously
described method.!

In brief, divisions of reactive T cells, which were identified by
their CFSE intensities, labeled from 0 to n were the dividing time.
Asingle cell dividing 7 times generates 2" daughter cells. Using this
mathematical relationship, the number of division precursors was

TANAKA, TASHIRO, ONOE ET AL

extrapolated from the number of daughter cells of each division
and from proliferation events and PF in CD4* and CD8* T-cell
subsets. Using these values, proliferation events and Pls were
calculated. The SI was calculated by dividing the PIs of allogeneic
combinations by those of autologous controls.

Adjustments for Immunosuppressants

On the basis of the proliferation analysis of CD4™ and CD8™ T-cell
subsets in response to anti-donor versus anti-third party stimuli in
MLR, we categorized the immune status as hypo-, normo-, or
hyperresponsive (Fig 1). Therapeutic adjustments for immunosup-
pressants were determined by tapering dosages in cases exhibiting
anti-donor hyporesponsiveness in both T-cell subsets or by increas-
ing them for anti-donor hyperresponsiveness.

Statistical Analysis

For continuous variables, parametric analyses were performed using
Student ¢ test, and the Mann-Whitney U test for nonparametric
analyses. Categorical variables and postoperative courses were com-
pared using x? tests with Yates correction. For factors determined to
be significant for survival rates, as well as incidences of infection and
ARE upon univariate analysis, we performed multivariate analyses
using logistic regression. A difference was considered significant if the

CD8*Tcells

anti-donor

SIs2

anti-donor > anti-third " anti-donor £ anti-third

CD4*T cells

l anti-donor l anti-donor

anti-donor l

Fig 1. Algorithm to determine

% CD25 > 50% || % CD25 £ 50%

Si>2 Sis2

anti-donor alloreactivity in liver
transplant patients. The immune
status of liver transplantation pa-
tients was classified into four cat-
egories. By analyzing the prolifer-
ation and CD25 expression for

the CD4" and CD8™" T-cell sub-
sets in response to anti-donor

anti-donor > anti-third " anti-donor £ anti-third

and anti-third party stimuli, the
immune status was categorized
as hypo-, normo-, or hyperre-

sponsive. In patients with hyper-
responsive immune status on ei-
ther CD4* or CD8* T cells,
immunosuppressants  were in-
creased. In patients with normo- CD8*'Tcells

Category |
Immune Hyper-

status

responseon

Category Il
Hyper-
responseon
CD8'Tcells

Category IV
Hypo-
response

Category |l
Norm-

response

responsive immune status, im- l
munosuppressant tapering was

abandoned. Only in patients with Tailoring

hyporesponsive immune status,
immunosuppressant therapy was

immuno -

Increase

Decrease

No change

suppression

tapered off. SI, stimulation index.
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OPTIMIZATION OF IMMUNOSUPPRESSIVE THERAPY

Table 1. Patient Profile

Emprical Group Optimized Group P

(group E) (group O) Value

Case number 64 51
Age 51.2 £ 10.7 541 +94 12
Sex (M vs F) 35vs29 21 vs 30 .23
MELD score 19.2 £ 9.1 15.4 = 6.4 .002
Donor aging 35.0 = 12.4 37.1 125 .36
Relationship of donor 11 vs 53 7 vs 54 .61

and recipient (blood

relationship vs non-

blood relationship)
Child classification 8 vs 21 vs 35 11vs17vs23 .38

(A vs B vs C)
GRWR 0.99 = 0.25 0.97 = 0.27 72
Operation time (min) 709.7 = 113.2 750.2 = 139.8 .09

Blood loss during 4501.5 = 3596.0 4416.3 £ 2703.6 .89
surgery (mL)

Original disease
(acute liver failue vs

chronic liver failue)

7 vs 57 1 vs 50 .06

MELD, Model for End-stage Liver Disease; GRWR, graft-recipient body weight ratio.
P value was less than .05. Statistical analyses were performed using the
SPSS statistical software version 16 (Chicago, Ill, USA).

RESULTS

The patient profiles are shown in Table 1. The Model for
End-stage Liver Disease score in group E was higher than

Category 1, II
Hyper-response

557

that in group O, probably reflecting the greater proportion
of patients with acute liver failure as an original disease in
group E compared with group O. There were no differences
in other background factors between the groups. Figure 2
shows the change in immune status determined by the MLR
assay during the observation period. The proportion of
patients showing anti-donor hyporesponsiveness gradually
increased over time. At 3 to 6 months after transplantation,
immunosuppressants were reduced in approximately 60%
of group O patients. We also investigated the incidence of
infectious disease within 1 year after OLT. In group O, the
incidences of sepsis and fungal, bacterial, or cytomegalovi-
rus infection were lower than those in group E, although the
difference did not reach significance (0.05 < P < 0.1, Fisher
exact test; Fig 3A). The incidence of ARE in the O cohort
was also lower than that in group E (Fig 3B). Furthermore,
none of the patients in group O showed chronic rejection
versus 3% in group E (Fig 3B). The 6- and 12-month
patient survival rates in group O were a bit higher than
those in group E, although the difference did not reach
significance (Fig 3C). Univariate analyses of differences in
the incidences of ARE and infection, as well as 6- and
12-month survival rates between the groups are shown in
Table 2. Multivariate analyses to determine factors associ-
ated with these metrics showed only donor age to be
significantly associated with 1-year survival rates (Table 3).

An additional benefit of optimizing immunosuppression
under the regimen of immune monitoring would be a

Category IV
Hypo- response

~2wks 2~4wks 1~3months 3~6months Eg ifte?hliget':'a;‘fgg::tztii
(n=43) (n=25) (n=19) (n=19) The immune status of Iive}

transplantation patients was
7% o classified into four categories.
3% By analyzing the proliferation
and CD25 expression for the
CD4™" and CD8* T-cell subsets
in response to anti-donor and
anti-third-party stimuli, the im-
mune status was categorizedas
hypo-, normo-, or hyperrespon-
sive. The proportions of pa-
tients categorized into each im-

6M~1Year 1~2Years 2~3Years Over 3Years mune Iii?“fraigpvlzzfa‘;fo;‘";f:
(n=30) (n=38) (n=25) (n=31) shown.
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successful response to vaccination to prevent viral infec-
tions. For instance, hepatitis B virus (HBV) vaccination can
prevent reinfection with HBV. However, the immunosup-
pressive environment is believed to result in a poor re-
sponse to vaccination.”> We observed that the overall re-
sponse rate to HBV vaccination among group O was higher

A

40

t}

Incidence { %)
=

—
o

Fungus Bacteria CMV

B

40

w
Q

Incidence { %)
2

-
Q

B

Chronic rejection

Acute rejection

100

Incidence ( %)

6 months 1Year

Fig 3. Incidences of infectious disease, acute rejection, and
chronic rejection within 1 year after liver transplantation. The
incidences of infectious disease (A), acute rejection, and chronic
rejection (B) within 1 y after liver transplantation were investi-
gated. In addition, the 6-month and 1-year patient survival rates
in each group are shown (C). CMV, cytomegalovirus.
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Table 2. Results of Univariate Analyses to Determine the
Difference in the Incidence of Rejection and Infection and
6-mo and 1-y Survival Between Empirical Group and
Optimized Group

P
Incidence of acute rejection .055
Incidence of infection 776
6-mo survival .231
1-y survival 107

than cohort E, suggesting that minimized immunosuppres-
sion may enable posttransplant HBV vaccination, a prom-
ising prophylactic strategy (Fig 4).

DISCUSSION

Anti-donor alloreactivity, defined as the number and phe-
notype of alloreactive precursors in the recipient, can be
used to monitor graft rejection, to guide treatment to
reduce ARE, or to withdraw immunosuppression. MLR
using PBMCs is widely used in both experimental and
clinical transplantation to evaluate T-cell responses to
allogeneic stimulation. However, conventional assays of
MLR using tritiated thymidine incorporation show little
predictive value because of their low level of reproducibil-
ity.” This limitation might be caused—at least in part—by
the presence of nonviable cells (which might include unex-
pectedly surviving stimulator cells) that retain the ability to
incorporate tritiated thymidine. With a CFSE-based
method, the proliferation of viable CD4" and CD8™ re-
sponder T cells in response to allostimulation is quantified
separately using a multiparameter FCM. A lack of prolif-
eration by both CD4" and CD8* T cells in anti-donor MLR
may reflect effective suppression of the anti-donor re-
sponses. When remarkable proliferation was observed
among CD4" but not in CD8" T cells, we did not observe
cytotoxic activity against donor cells in subsequent cell-
mediated lympholysis assays in our previous studies.* In
contrast, remarkable proliferation of CD8" T cells reflect
strong anti-donor responses. We further examined CD25
expression on the proliferating CD8" T cells by multicolor
FCM. In our previous studies, a remarkable elevation of
CD25 expression on proliferating CD8" T cells was ob-
served to reflect their cytotoxic activity toward donor cells.*
By using such a multiparametric MLR assay, we demon-
strated that a careful evaluation of recipient immune status
facilitated the development of adequate immunosuppres-
sive regimens. Optimization of immunosuppression in this
manner seems to be a promising strategy to reduce infec-
tious complications and mortality among patients undergo-
ing LDLT.

Table 3. Multivariate Analysis of 1-y Survival

Hazard 95% Confidence
Variable Ratio Interval P Value
Donor age 0.959 0.923-0.997 .033
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ABSTRACT

Background. Several published reports investigating the
effects of interferon (IFN) therapy on survival and tumor
recurrence after curative resection of hepatocellular carci-
noma (HCC) have been inconclusive. The aim of this study
is to investigate the efficacy of pegylated-IFN (peg-IFN)
therapy after curative hepatic resection for HCC in patients
infected with hepatitis C virus (HCV).

Methods. Data from 175 patients who underwent curative
hepatic resection for HCC associated with HCV were ret-
rospectively collected and analyzed; 75 patients received
peg-IFN therapy after surgery, whereas 100 patients did not
receive IFN therapy. To overcome biases resulting from the
different distribution of covariates in the two groups, a one-
to-one match was created using propensity score analysis.
After matching, patient outcomes were analyzed.

Results. After one-to-one matching, patients (n = 38) who
received peg-IFN therapy after surgery and patients
(n = 38) who did not receive IFN therapy had the same
preoperative and operative characteristics. The 3- and 5-year
overall survival rates of patients who received peg-IFN
therapy after hepatic resection were significantly higher than
those of patients who did not receive IFN therapy
(P = 0.00135). The 3- and 5-year overall survival rates were
100 and 91.7% and 76.6 and 50.6% in the peg-IFN group and
non-IFN group, respectively. There was no significant
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difference in disease-free survival between the two matched
groups (P = 0.886).

Conclusion. Peg-IFN therapy may be effective as an
adjuvant chemopreventive agent after hepatic resection in
patients with HCV-related HCC.

Hepatic resection is a well-accepted therapy for hepa-
tocellular carcinoma (HCC), but many patients show cancer
recurrence and the cumulative 5-year HCC recurrence rate
exceeds 70%.'™ This high incidence of tumor recurrence
after hepatic resection remains a major drawback. Some
benefits of interferon (IFN) therapy on tumor recurrence
and survival have been 1'ep0rted.4'10 IFN suppresses repli-
cation of hepatitis C virus (HCV) and exerts a tumoricidal
effect on a number of tumors, including HCC."""" How-
ever, several randomized controlled trials (RCTs) have
revealed inconclusive results regarding the effects of IFN
on survival and tumor recurrence after curative resection or
ablation of HCC, either because the effects were not sta-
tistically significant or because they were considered only
with respect to defined subpopulations.'*™"?

Recently, combination therapy consisting of pegylated
interferon (peg-IFN) plus ribavirin (RBV) has been
developed, and the effect of this combination has been
reported to be higher than that of conventional IFN ther-
apy.'®"” Peg-IFN has an extended serum half-life that
provides viral suppression for 7 days, thus allowing weekly
administration and enhanced clinical efficacy."” Most
Japanese patients infected with HCV are infected with
HCV genotype Ib and have high viral load. Moreover,
treatment with conventional IFN is complicated by a low
sustained viral response (SVR) rate of 20-30%.'%°
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However, peg-IFN plus RBV combination therapy has
good tolerability in Japanese patients with HCV and
resulted in an SVR rate of approximately 40-50%.>'%
The impact of adjuvant immunotherapy with IFN after
curative resection of HCC is debatable, and few studies
have investigated the effects of peg-IFN plus RBV com-
bination therapy on survival and recurrence after curative
resection of HCC.

In the present study, we aim to investigate the impact of
peg-IFN plus RBV combination therapy on survival and
HCC recurrence after curative resection in patients infected
with HCV.

PATIENTS AND METHODS
Patients and HCV Diagnosis

From June 2003 to June 2009, 370 HCC patients
underwent hepatectomy as initial treatment at the Depart-
ment of Gastroenterological Surgery, Hiroshima University
Hospital, Japan. Of the 370 patients, 175 patients who were
HCV RNA-positive/hepatitis B surface antigen-negative
underwent curative hepatectomy. Of the 175 patients, 75
patients received IFN therapy after hepatectomy, and 100
patients did not receive any IFN therapy. Of the 75 patients
who received IFN, 20 patients who received IFNs such as
IFN-o or IFN-f were excluded. Of the 55 patients who
received peg-IFN therapy, 43 patients who started peg-IFN
within 9 months after curative resection were enrolled in
this analysis. Twenty-four patients who had early recur-
rence of HCC within 9 months after surgery were excluded
from the 100 patients who did not receive any IFN therapy,
because these patients could lose the opportunity to receive
IFN therapy for HCC recurrence if these patients were
assigned to the peg-IFN therapy. Consequently, 119
patients were eventually enrolled in this study. Of these
119 patients, 43 received peg-IFN therapy within 9 months
after hepatectomy, and 76 did not receive any IFN therapy.

Curative hepatectomy was defined as removal of all
recognizable tumors. HCV RNA levels were measured by
quantitative reverse-transcription polymerase chain reac-
tion (RT-PCR; Amplicor, Roche Diagnostic Systems, CA,
USA). HCV genotype was determined by PCR using a
mixed primer set derived from the nucleotide sequences of
the NS5 region. HCV negativity was evaluated by quanti-
tative RT-PCR. The lower limit of the assay was 5 kIU/ml
(equivalent to 5,000 copies/ml) in the quantitative method
and 50 TU/ml (equivalent to 50 copies/ml) in the qualitative
method. SVR was defined as undetectable HCV RNA at
24 weeks after completion of IFN therapy. The study was
approved by the concerned institutional review boards.
Written informed consent was obtained from all patients.

Preoperative Diagnosis and Evaluation of HCC

Hepatocellular carcinoma was diagnosed on the basis of
routine imaging modalities such as Doppler ultrasonogra-
phy (US), computed tomography (CT) during hepatic
angiography (CTHA) and CT during arterial portography
(CTAP), and magnetic resonance imaging. Tumor stage,
liver damage classification, and surgical procedures were
defined according to the General Rules for Clinical and
Pathologic Study of Primary Liver Cancer, fifth edition, by
the Liver Cancer Study Group of Japan.**

Hepatectomy

The surgical procedure was determined according to
tumor extent and hepatic reserve function. Liver function
was assessed by liver damage classification, Child—Pugh
classification, and indocyanine green retention rate at
15 min (ICGR 15).27¢ If permitted by liver function,
anatomic resection was performed.”’”* In patients with
insufficient hepatic reserve, limited resection was per-
formed. We divided the liver parenchyma by using an
ultrasonic dissector.”” Postoperative complications were
graded according to the method described by Clavien
et al.™

Follow-Up

Follow-up evaluation after the surgery consisted of
monthly blood chemistry tests and measurements of levels
of tumor markers, including alpha-fetoprotein and des-
gamma-carboxy prothrombin. Patients were examined by
US every 3 months and by CT every 6 months. When
recutrence was indicated by any of these examinations,
patients were examined by CTAP and CTHA.

Patient Selection for IFN Therapy

Patients with HCV genotype 1b in the IFN group
received peg-IFNo-2b (Pegintron; Schering-Plough, NJ,
USA) at weekly dosage of 1.5 pg/kg subcutaneously for
48 weeks. Daily RBV (Rebetrol, Schering-Plough) was
administered orally for 48 weeks, and the dosage was
adjusted according to weight (600 mg for patients weigh-
ing <60 kg, 800 mg for those weighing 60-80 kg).
Patients with HCV genotype 2 received IFN monotherapy
for 24 weeks. Blood samples were obtained every 4 weeks
and analyzed for HCV RNA levels. All patients were
informed about IFN therapy after hepatectomy, and only
consenting patients received IFN therapy. The eligibility
criteria for IFN therapy were as follows: (1) detectable
serum HCV RNA level, (2) Eastern Cooperative Oncology
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Group (ECOG) performance score of 0 or 1, (3) platelet
count >70,000/ul, (4) patients with no uncompensated
cirrhosis (Child class C), and (5) hemoglobin concentration
>10 g/dl. Peg-IFN therapy was commenced within
24 weeks of surgery or after the eligibility criteria were
fulfilled.

Safety Assessments and Dose Modification of Peg-IFN
Therapy

Adverse events were graded as mild, moderate, severe,
or potentially life-threatening according to a modified
World Health Organization grading system. The dose of
peg-IFN was decreased by 50% and that of RBV was
lowered to half in case of severe adverse events or when
laboratory results revealed any of the following: hemo-
globin concentration <10 g/dl in patients with no cardiac
disease, decrease in hemoglobin concentration >2 g/dl in
patients with cardiac disease, white blood cell count
<3,000/mm3 , or platelet count <50,000/mrn3. Full dosage
could be resumed on resolution of the adverse events.
Treatment was permanently discontinued in case of life-
threatening events or when laboratory results revealed
hemoglobin concentration <7.5 g/dl after 4 weeks of dose
reduction, white blood cell count <1,500/mm3, or platelet
count <30,000 mm>.

Treatment for Recurrence

Patients with intrahepatic HCC recurrence were man-
aged with ablative therapies such as radiofrequency
ablation (RFA), percutaneous ethanol injection therapy,
transarterial chemoembolization, or surgery including liv-
ing-donor liver transplantation according to the tumor
characteristics (number, size, and location of the tumors)
and liver function.

Statistical Analyses

Categorical variables were compared using the chi-
square test, and continuous variables were compared using
the Mann—Whitney U-test. Overall survival and disease-
free survival analyses were performed using Kaplan—Meier
methods; comparisons between different groups were per-
formed using the log-rank test. P value of less than 0.05
was considered significant. Calculations were performed
using SPSS software (version 16; SPSS Inc., IL, USA).

Propensity analysis was performed using logistic
regression to create a propensity score for the IFN and non-
IEN therapy groups.‘“‘}z Variables entered in the propensity
model were age, sex, HCV genotype, liver function test,
tumor factors, and operative factors. The model was then
used to provide a one-to-one match between the two groups
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by using the nearest-neighbor matching method.****
Survival and disease-free survival analyses were performed
in each matched subgroup to assess the impact of peg-IFN
therapy on mortality after adjusting for the confounding
factors.

RESULTS

Characteristics and Postoperative Course of the Entire
Population

Differences in the characteristics of patients who
received peg-IFN therapy after hepatic resection and those
who did not receive IFN therapy after hepatic resection are
presented in Table 1. Patients who received peg-IFN
therapy were younger (65 vs. 71 years; P = 0.0003).
Regarding tumor characteristics, there was no significant
difference between the two groups. Operation times tended
to be longer in patients who received peg-IFN therapy than
in those who did not receive IFN therapy (260 vs. 242 min;
P = 0.05). There were no hospital-related deaths in this
study. Postoperative complications did not differ between
the two groups. In the entire population, the 3- and 5-year
overall survival rates of patients who received peg-IFN
therapy after hepatic resection were significantly higher
than those of patients who did not receive IFN therapy
(P = 0.0024) (Fig. 1a). However, there was no significant
difference in disease-free survival between the two groups
(P = 0.795) (Fig. 1b).

Results After Propensity Score Matching

Characteristics of the patients after propensity score
analysis are presented in Table 1. Thirty-eight of the 43
patients who received peg-IFN therapy after hepatic
resection and an equal number of the 76 patients who did
not receive IFN therapy were matched after covariate
adjustment. The study group of 76 patients was well mat-
ched; in particular, all covariates that significantly affected
recurrence and postoperative liver failure in the entire
study group were equally distributed between the two
matched groups. Matched patients who received peg-IFN
therapy after hepatic resection had similar total bilirubin
and serum albumin levels and similar platelet counts to
matched patients who did not receive IFN therapy. Simi-
larly, the tumor characteristics, the surgical procedure,
operation times, and blood loss during the operation in
matched patients who received peg-IFN therapy were
almost similar to those in patients who did not receive IFN
therapy. There were no hospital-related deaths in the
matched groups. Postoperative complications also did not
differ between the two groups. The median follow-up
period for patients who received peg-IFN and those who
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TABLE 1 Baseline characteristics and operative data on patients who underwent hepatectomy: data are reported for whole study and for the matched
study population after propensity score analysis

Overall series P value Propensity-matched series P value
IEN (+) IFN (=) Peg-IFN (+) IFN (-)
n=43 n=76 n =38 n =738
Age (years) 65 (53-78) 71 (48-83) 0.0003 65.5 (53-75) 69 (51-80) 0.2
Sex (male/female) 27/16 47129 0.918 23/15 25/13 0.634
Preoperative IFN 24 (55.8%) 29 (38.1%) 0.06 20 (52.6%) 14 (36.8%) 0.16
HCV genotype 0.876 0.6
1b 34 61 29 27
2b 9 15 9 11
Diabetes mellitus 11 (25.6%) 22 (28.9%) 0.856 11 (28.9%) 13 (34.2%) 0.621
ECOG PS 0.831 ' 0.644
0 39 68 36 35
1 4 8 2 3
Platelet (104/mm?) 10.3 (3.3-26.6) 10.3 (3.8-40.3) 0.381 9.75 (3.3-21.5) 11.2 (3.8-40.3) 0.454
T-Bil (mg/dl) 0.7 (0.3-14) 0.8 (0.3-1.7) 0.262 0.7 (0.4-1.4) 0.7 (0.3-1.7) 0.798
AST (IUM) 42 (18-121) 48 (16-150) 0.152 43.5 (18-127) 41.5 (6-150) 0.567
ALT (IU/1) 38 (13-127) 41.5 (10-196) 0.987 40.5 (11-127) 37.5 (10-196) 0.226
Albumin (g/dl) 3.8 (2.8-5.2) 3.8 (2.54.9) 0.215 3.8 (2.8-5.2) 3.8 (2.5-45) 0.469
ICGR 15 (%) 17.9 (7.4-77.4) 18.7 (4.6-50.5) 0.734 17.65 (7.4-40.0) 17.55 (4.6-40.0) 0.561
AFP (ng/ml) 11.6 (0.5-3405) 27.6 (0.5-36572) 0.176 13.95 (0.5-3405) 22.9 (0.5-513) 0.635
Child-Pugh grade 0.665 0.556
A 41 (95.3%) 69 (90.8%) 37 (97.4%) 36 (94.7%)
B 2 (4.7%) 7 (9.2%) 1 (2.6%) 2 (5.3%)
Hepatic resection 0.322 0.373
Hr0 20 (46.5%) 49 (64.5%) 18 (47.4%) 23 (60.5%)
HrS 13 (30.2%) 18 (23.7%) 12 (31.6%) 9 (23.7%)
Hrl 3 (7.0%) 4 (5.3%) 2 (5.3%) 3 (7.9%)
Hr2 7 (16.3%) 5 (6.6%) 6 (15.8%) 2 (5.3%)
Hr3 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Operation time (min) 260 (128-623) 242 (90-580) 0.0514 257 (128-623) 247.5 (90-580) 0.18
Blood loss (ml) 200 (20-1900) 225 (10-960) 0.996 210 (20-1900) 210 (10-960) 0.803
Postoperative complications 0.933 0.798
1ITa 4 6 2 2
1IIb 1 1 1 1
IVa 1 1 1 0
Stage 0.315 0.293
I 14 (32.6%) 19 (25.0%) 13 (34.2%) 9 (23.7%)
1I 18 (41.9%) 44 (57.9%) 15 (39.5%) 23 (60.5%)
111 9 (20.9%) 12 (15.8%) 9 (23.7%) 6 (15.8%)
IV-A 2 (4.7%) 1(1.3%) 1(2.6%) 0 (0.0%)
Single tumor 28 (65.1%) 57 (75.0%) 0.252 25 (65.8%) 29 (76.3%) 0.312
Tumor size 0.712 0.589
>3 cm 15 (34.9%) 24 (31.6%) 10 (26.3%) 8 (21.1%)
<3 cm 28 (65.1%) 52 (68.4%) 28 (73.7%) 30 (78.9%)
“Vascular invasion 4 (9.3%) 3 (3.9%) 0.233 3 (7.9%) 0 (0.0%) 0.239

Continuous variables expressed as median (range)

Hepatic resection and stage were according to General Rules for the Clinical and pathological Study of Primary Liver Cancer, by Liver cancer Study
Group of Japan, 5th edition, Kanehara Co., Ltd

HrO: limited resection, HrS: segmentectomy, Hrl: sectionectomy, Hr2: hemihepatectomy, Hr3: more than hemihepatectomy
T-Bil total bilirubin, PS performance status, AST aspartate aminotransferase, ALT alanine aminotransferase, /JCGR 15 indocyanine green retention rate at

15 min, AFP alpha-fetoprotein,
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did not receive IFN therapy was 3.8 (1.2-6.9) and 3.5
(1.3-6.8) years, respectively. In the matched study groups,
the 3- and 5-year overall survival rates of patients who
received peg-IFN therapy after hepatic resection were
significantly higher than those of patients who did not
receive IFN therapy (P = 0.00135) (Fig. 1c). However,
there was no significant difference in disease-free survival
between the two matched groups (P = 0.886) (Fig. 1d).
In the matched 38 patients of the peg-IFN group, peg-
IFN therapy was initiated at a median of 4.3 (0.9-9.6)
months after hepatic resection. Thirty-one of 38 HCC
patients began peg-IFN therapy within 6 months after
hepatectomy. Seven patients required more than 6 months
to commence peg-IFN therapy. Two patients required a
longer time to recover platelet counts of more than 70,000/
pl. Five patients required a longer time to decide to receive
peg-IFN therapy. Sixteen (42.1%) of the matched 38
patients who received peg-IFN therapy after hepatectomy
attained SVR. Among 16 patients who attained SVR, 10
patients received full-dose peg-IFN therapy without dose
reduction, whereas 6 patients received a reduced dose of
peg-IFN and/or RBV until completion of treatment. Nine
patients discontinued peg-IFN therapy because of adverse
events such as thrombocytopenia and neutropenia (n = 2),

skin eruption (n = 1), depression (n = 2), and severe
malaise (n =4). Three patients discontinued peg-IFN
therapy because of HCC recurrence. Adherence to peg-IFN
therapy was 68.4% in this study. No life-threatening
adverse events were observed, and none of the total 15
deaths in both sets of matched patients were related to the
IFN treatment or to surgical procedures. The 3- and 5-year
overall survival rates of patients (n = 16) who attained
SVR after peg-IFN therapy were 100% and 100%,
respectively; those of patients who did not attain SVR
(n = 22) were 100 and 85.7%, respectively; and those of
patients who did not receive IFN therapy were 76.6 and
50.6%, respectively. There was a statistically significant
difference in overall survival among the three groups
(P = 0.005) (Fig. 2a). However, there was no statistically
significant difference in disease-free survival among the
three groups (P = 0.90) (Fig. 2b).

Table 2 presents the patterns of cancer recurrence and
the treatment details of the recurrences in both groups.
Twenty-one (55.3%) of the patients who received peg-IFN
therapy after hepatic resection and 17 (44.7%) of the
patients who did not receive IFN therapy had HCC recur-
rences after hepatic resection. Regarding the pattern of
recurrence, the proportion of patients who had multiple
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FIG. 1 Overall survival (a) and disease-free survival (b) of the entire
study population of 175 patients with hepatitis C-related HCC with
respect to [FN therapy after hepatic resection. Overall survival (c) and

Years after hepatectomy

disease-free (d) survival of the matched study population of 76
patients with hepatitis C-related HCC with respect to IFN therapy
after hepatic resection
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FIG. 2 Overall survival and disease-free survival of patients with hepatitis C-related HCC with respect to SVR after IFN therapy

intrahepatic recurrences (more than four nodules) was
significantly lower in the peg-IFN group than in the non-
IFN group (P = 0.0047). The proportion of patients in
whom surgery or RFA was selected for treatment was
significantly higher in the peg-IFN group than in the
non-IFN group (P = 0.0346). Furthermore, regarding
re-recurrence of HCC after treatment of the first-recurrent
HCC, the 1-year disease-free survival rates of patients after
treatment of the first-recurrent HCC was 48.5% in patients
(n = 21) who received peg-IFN therapy and 12.5% in
patients (n = 17) who did not receive IFN therapy. There
was a statistically significant difference in disease-free
survival between the two groups (P = 0.0012) (Fig. 3).

A comparison of results of the preoperative liver func-
tion test with those of postoperative 1-year liver function
tests is presented in Table 3. In patients who received peg-
IFN therapy, total bilirubin levels 1 year after surgery were
significantly decreased compared with preoperative total
bilirubin levels (P = 0.018), whereas in patients who did
not receive IFN therapy, the total bilirubin level at 1 year
after surgery was similar to the total bilirubin level before
surgery (P = 0.107).

DISCUSSION

Our results revealed that peg-IFN therapy after hepatic
resection improved the outcomes of HCV patients, although
the interval of disease-free survival was not prolonged. Peg-
IFN therapy after hepatectomy improved hepatic reserve
function and suppressed multiple HCC recurrences (more
than four nodules). Furthermore, re-recurrence after treat-
ment of first-recurrent HCC after hepatic resection was
significantly suppressed in the peg-IFN group compared
with that in the non-IFN group. IFN has been reported to
exert antitumor effects. IFN increases natural killer cell
activity and exhibits antiangiogenic properties}s‘36 IFN has
also been reported to be effective in eradicating HCV RNA

TABLE 2 Recurrence and treatments for recurrence after hepatic
resection

Peg-IFN (+)  IFN (—) P value
(n = 38) (n = 38)
HCC recurrence®: yes 21 (55.3%) 17 (44.7%) 0.359
Pattern of recurrence” 0.0047
Intrahepatic (single) 9 (42.9%) 8 (47.1%)
Intrahepatic (2-3) 10 (47.6%) 1 (5.9%)
Intrahepatic (multiple) 2 (9.5%) 8 (47.1%)
Main modalities” 0.0346
Repeat hepatectomy 8 (38.1%) 2 (11.8%)
RFA 8 (38.1%) 4 (23.5%)
TACE 5 (23.8%) 11 (64.7%)

peg-IFN pegylated interferon, RFA radiofrequency ablation, TACE
transcatheter arterial chemoembolization

* Data expressed as number of patients (percentage of total patients)

® Data expressed as number of patients (percentage of patients who
had a recurrence)

Disease-free mem= Peg-interferon (n = 21)
suryival Fate = Noceiptetferon (0= 17)
1.0
P=0.0012
0.8 ) ’
06
04
02 )
I} 1 | | 1 1 1
i 1 2 3 4 5 6

Years after treatment of 1st recurrent HCC

FIG. 3 Comparison of disease-free survival rate after treatment of
first-recurrent HCC in patients who received peg-IFN therapy or in
those who did not receive IFN therapy
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TABLE 3 Comparison of preoperative liver function with 1-year liver function after hepatic resection

Peg-IFN (+) P value IFN (—) P value
Preoperative 1 Year after surgery Preoperative 1 Year after surgery
T-Bil (mg/dl) 0.82 £0.29 0.71 £ 0.26 0.0189 0.81 £ 032 0.92 + 0.35 0.107
AST (IU/1 50.1 £24.1 45.8 £ 235 0.310 42.1 + 189 56.1 £ 26.7 0.0110
ALT (IU/D 51.3 £28.6 364 £ 228 0.00809 403 £243 49.7 £ 258 0.0918
Albumin (g/dl) 3.89 £ 0.80 3.99 £ 0.71 0.251 3.73 £ 045 3.75 + 044 0.807

peg-IFN pegylated interferon, AST aspartate aminotransferase, ALT alanine aminotransferase

from serum and hepatic tissue, thereby preventing deterio-
ration of liver function in patients with HCV infection.”’
IFN prevents worsening of compensated cirrhosis."**” Our
results are compatible with those reported in those studies.
In the peg-IFN group, most patients with HCC recurrence
could undergo curative treatments such as repeat hepatec-
tomy or RFA as arecurrence treatment, because the number
of recurrent tumors was usually limited to three. IFN ther-
apy appears to increase survival not only by improving
residual liver function and increasing the possibility of
radical treatment of recurrences but also by suppressing re-
recurrence after the first recurrence of HCC.

The current study also revealed that the overall survival
of patients with SVR was significantly better than that of
patients without SVR. This result suggests that IFN pro-
longs the outcomes of patients with HCC after hepatic
resection by causing remission of active hepatitis and
eradication of HCV RNA in patients who attained SVR
after hepatic resection.

In this study, to clarify the impact of peg-IFN therapy on
outcomes of HCV-related HCC after hepatic resection,
patients who received IFNs such as IFN-« or IFN-f were
excluded. RCTs investigating adjuvant effects of IFN after
resection or ablation of HCC were performed using IFN-o.
Few studies have investigated the effects of peg-IFN plus
RBYV combination therapy on survival and recurrence after
curative resection of HCC. Combination therapy with peg-
IFN and RBV has recently been developed, and peg-IFN
therapy has resulted in significantly higher SVR rates and
better tolerability than treatment with IFN-o.>'** In our
study, incidence of SVR after hepatic resection was 42.1%,
which was higher than that in previous studies that reported
an SVR rate of 0-10%."*"* The compliance of patients to
peg-IEN therapy observed in the present study (68.4%) was
higher than that reported elsewhere (approximately
40%)."* This enhanced efficacy of the peg-IFN formula-
tions might contribute to the prolonged survival of HCC
patients after hepatic resection.

In this study, HCC patients who received peg-IFN
therapy within 9 months after surgery were enrolled, and
HCC patients who experienced recurrence of HCC within
9 months after hepatic resection were excluded from the

non-IFEN group, because these patients could lose the
opportunity to receive IFN therapy for HCC recurrence on
being assigned to the peg-IFN therapy group.

Before matching by using the propensity score, the
clinical characteristics of the entire study population that
can strongly influence outcomes differed significantly
between the peg-IFN group and non-IFN group. The pro-
portion of older patients was higher in the non-IFN group
than in the peg-IFN group, whereas the proportion of
patients who had longer operation times tended to be lower
in the non-IFN group than in the peg-IFN group. To
overcome bias due to the different distribution of the
severity of liver function impairment between the two
groups, a one-to-one match was created using propensity
score analysis. After matching by propensity score, prog-
nostic variables were appropriately handled, and there was
no significant difference in prognostic factors between the
two matched groups. This study had a limitation related to
the small sample size after propensity score matching. To
overcome this, further examination with larger sample
sizes is necessary, and the potential efficacy of peg-IFN
therapy must be validated in larger prospective RCTs.

CONCLUSIONS

Several previous RCTs investigating the effects of IFN
on survival and tumor recurrence after hepatic resection
were inconclusive. However, in the current study, peg-IFN
therapy following hepatic resection improved the survival
rates of hepatectomized patients with HCV-related HCC.
The results of this study suggest that peg-IFN therapy is
effective as an adjuvant chemopreventive agent after
hepatic resection in patients with HCV-related HCC.
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Abstract We investigated the role of human natural
killer (NK) cells in the peripheral blood (PB) and liver in
controlling breast cancer. The proportion of NK cells
among liver mononuclear cells was significantly higher
than among PB mononuclear cells. Liver NK cells induc-
tively expressed higher levels of tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL) than PB NK
cells in response to interleukin-2 (IL-2). Liver NK cells
displayed higher cytotoxicity against various breast cancer
cell lines (MDA-MB231, MDA-MB453, MDA-MB468,
and MCF-7) after IL-2 stimulation than did PB NK cells.
Anti-HER2 monoclonal antibody (mAb) promoted the
cytotoxicity of both the types of NK cells toward HER2-
expressing cell lines. All breast cancer cell lines highly
expressed death-inducing TRAIL receptors, death receptor
4, but did not express death-inhibitory receptors (DcR1 and
DcR2). Both PB and liver NK cell-induced cytotoxicity
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was inhibited partially by anti-TRAIL mAb and more
profoundly by the combination of anti-TRAIL mAb and
concanamycin A, indicating that TRAIL and perforin are
involved. IL-2-stimulated liver and PB NK cells exhibited
upregulated expression of CXCR3, which bind to the
chemokines CXCL9, CXCL10, and CXCL11 secreted by
breast cancer cells. We also found that IFN-y promoted the
production of CXCLI10 from breast cancer cells. The
results of this study show that IFN-y secreted from NK
cells likely promotes the production of CXCL10 from
breast cancer cells, which in turn accelerates the migration
of CXCR3-expressing NK cells into the tumor site. These
findings suggest the possibility of a therapeutic approach
by either activation of endogenous PB and liver NK cells or
adoptive transfer of in vitro-activated autologous NK cells.

Keywords NK cells - TNF-related apoptosis-inducing
ligand (TRAIL) - TRAIL-receptors - ADCC - Chemokine -
Breast cancer

Abbreviations
NK Natural killer

TRAIL TNF-related apoptosis-inducing ligand
PBMC  Peripheral blood mononuclear cell
LMNC Liver mononuclear cell

mAbs  Monoclonal antibodies

Introduction

Natural killer (NK) cells, the frontline defense in cellular
immunity, exert an effector function on neoplastic cells,
modified cells, and invading infectious microbes without
the necessity for priming [1, 2]. Although, NK cells might
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play an important role in prevention of both early and
metastatic cancer, the role of NK cell activity in controlling
breast cancer is still controversial and few studies have
addressed whether enhancing this activity is of clinical
benefit to breast cancer patients.

A variety of mechanisms are involved in controlling
neoplastic cells by NK cells, one of which is the direct
release of cytolytic granules that contain perforin, gran-
zymes, and granulysin by exocytosis to kill target cells
(i.e., the granule exocytosis pathway) [3, 4]. Most mature
human NK cells in peripheral blood (PB) constitutively
express granzyme B and perforin, and have basal cyto-
toxicity against NK-sensitive targets. Cytokine exposure
with interleukin (IL)-2 or IL-15 is known to increase the
baseline granzyme B and perforin abundance and cytotoxic
activity of NK cells, and also converts basal NK cytotox-
icity to lymphokine-activated killing. Another mechanism
is mediated by death-inducing ligands such as Fas ligand
(FasL) and tumor necrosis factor (TNF)-related apoptosis-
inducing ligand (TRAIL). Fas, a TNF family protein, is
expressed on breast cancer cell membranes [5, 6], sug-
gesting that activation of the Fas/FasL pathway induces
apoptosis mediated by caspase activation. An additional
mechanism is involved when HER2-overexpressing breast
cancer cells are targeted because differential levels of
HER?2 expression in normal versus HER2-overexpressing
tumor cells, together with the clear involvement of HER2 in
tumor progression, make HER2 an ideal target for thera-
peutic approaches. NK cell-mediated antibody-dependent
cell-mediated cytotoxicity (ADCC) is thought to contribute
to the therapeutic effects of monoclonal antibodies (mAbs)
specifically directed against the extracellular domain of
HER?2 (trastuzumab).

NK cells are abundant in the liver in contrast to their
relatively small percentage in the peripheral lymphatics
and other lymphatic organs in rodents [7-9] and humans
[10]; however, the underlying reason for the anatomically
biased distribution of NK cells has not been elucidated. In
addition, liver NK cells have been shown to mediate higher
cytotoxic activity against tumor cells than PB NK cells do
in rodents [7-9, 11]. However, these functional differences
between PB and liver NK cells have not been extensively
investigated in humans because of the limited availability
of appropriate samples. In this study, we extracted NK cells
from allograft liver perfusates in clinical liver transplan-
tation and examined the quantitative and qualitative cyto-
toxic functions of those liver NK cells targeting various
breast cancer cell lines in comparison with PB NK cells.
Through the experiments, we attempted to define whether
PB NK cells can recognize and kill breast cancer cells, and
whether liver resident NK cells can hinder metastasis of
breast cancer to the liver, to assess the potential therapeutic
use of NK cells, i.e., by either activation of endogenous NK
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cells or adoptive transfer of in vitro-activated autologous
NK cells. As the therapeutic efficacy of endogenous or
exogenous NK cells likely depends on their migration and
accumulation at tumor metastasis sites, we further analyzed
the expression of receptors and ligands for chemokines
secreted from breast cancer cells on PB and liver NK cells.

Materials and methods
Isolation of liver and PB lymphocytes

Liver mononuclear cells (LMNCs) were obtained from
liver perfusates in clinical living donor liver transplantation
as previously described [10]. LMNCs were isolated by
gradient centrifugation with Separate-L. (Muto Pure
Chemicals Co., Ltd, Tokyo, Japan). PB mononuclear cells
(PBMCs) were also isolated by gradient centrifugation with
Separate-L from heparinized PB from healthy volunteers
and liver transplant donors. LMNCs and PBMCs were
suspended in DMEM (Gibco, Grand Island, NY) supple-
mented with 10% heat-inactivated fetal calf serum (FCS)
(Sanko Chemical Co., Tokyo, Japan), 25 mmol/l HEPES
buffer (Gibco), 50 pmol/l 2-mercaptoethanol (Katayama
Chemical Co., Osaka, Japan), 50 U/ml penicillin, and 50
pg/ml streptomycin (Gibco) (10% DMEM). The ethics
committee at Hiroshima University Hospital approved this
study.

Cell culture

LMNCs and PBMCs were cultured with human recombi-
nant IL-2 (100 Japanese reference U/ml; Takeda, Tokyo,
Japan) in DMEM at 37°C in a 5% CO, incubator. Cells
were harvested for further analyses after 5 days in culture.
Cell viability was assessed by the dye-exclusion test.

Isolation of NK cells

LMNCs and PBMCs were separated into a CD3~CD56™
NK cell fraction and a non-NK cell fraction (T cells, NKT
cells, B cells, and monocytes/macrophages) by magnetic
cell sorting (Miltenyi Biotec, Bergisch Gladbach, Ger-
many), using the human NK cell isolation kit (Miltenyi
Biotec) according to the manufacturer’s instructions. The
purity of isolated fractions was assessed by FCM, and only
preparations with purities >90% were used for functional
studies.

Cell lines

The human breast cancer cell lines were obtained as fol-
lows: MDA-MB-231 and MDA-MB-468 were from ATCC
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