(P < 0.001, Fig. 1); hypointense rim on
precontrast Tl-weighted image and
T2-weighted image were detected in
10 and five cases, respectively. Rim en-
hancement on the dynamic late phase
was seen in three cases. A hypointense
area on T2-weighted image was seen
at the center of the tumor in six of 14
mICC cases (43%) and two of 22 pHCC
cases (9%), respectively (P = 0.018).
Late enhancement was more com-
monly observed in mICC (n=10, 71%)
than in pHCC (n=3, 14%) (P < 0.001)
(Figs. 2, 3). No significant difference
was observed in terms of intratumor-
al hemorrhage, arterial enhancement
pattern (Figs. 2, 3), uptake of contrast
on the hepatobiliary phase, ADC val-
ue, vascular invasion, or intrahepatic
metastasis.

In pathological evaluation, central
fibrous desmoplasia was observed to
a greater or lesser degree in all mICC
cases, while it was not observed in any
pHCC cases. Pathologically, a fibrous
capsule was detected in none of 14
mICC cases and 21 of 22 pHCC cases
(95%). Of these 21 pHCC cases with
pathologically identified fibrous cap-

sule, MRI could identify the fibrous
capsule during precontrast T1-weight-
ed phase in 10 patients (47.6%),
T2-weighted phase in five patients
(23.8%), and dynamic late phase in
three patients (14.3%).

Discussion

In this study MRI revealed interest-
ing differences between miCC and
pHCC, particularly relating to the
presence or absence of intratumoral fat
and fibrous capsule, and late enhance-
ment at three minutes after hepatobili-
ary contrast agent injection.

It is well known that HCC has var-
ious degrees of fatty metamorphosis.
However, researchers have focused on
its relationship in the course of early
stage of hepatocarcinogenesis. Fat-
ty change is an important marker for

the transformation of premalignant

lesions to hepatocellular carcinoma
(16). There are few reports regarding
the fatty change of pHCC. Pathologi-
cal evaluation by Kutami et al. (6) re-
vealed frequencies of fatty change in
well differentiated HCC, well-to-mod-
erately differentiated HCC, moder-

ately differentiated HCC, and moder-
ately-to-poorly differentiated HCC as
42.0%, 37.5%, 6.0%, and 0%, respec-
tively. Our study showed that there
is a relatively high frequency of fatty
change in pHCC (50%). The mecha-
nism of fatty change in pHCC has not
been reported previously. In case of
small HCC (mainly well differentiated
HCC), fatty change is closely related to
an insufficient development of the ar-
terial tumor vessels (6). Arterial blood
supply significantly decreases as the
histological grade increases in the late
stage of HCC development (from mod-
erately differentiated HCC to pHCC)
(7), which may be related to the high
frequency of fatty change in pHCC.

The imaging features of ICC have
been reported by many researchers (3,
4). Most of these focused on imaging
characteristics in relation to the inter-
nal desmoplastic change. Maetani et al.
(4) observed central hypointensity on
T2-weighted images in 27 of 50 cases
{54%) of ICC and suggested that this
finding, which reflects severe fibrosis,
may be a characteristic marker of ICC.
In our study, a central hypointense area
was seen on T2-weighted images in six
of 14 cases (42.9 %), which is concor-
dant with their results. The number
of cases exhibiting hypointensity on
T2-weighted images (n=6) was lower
than that of late enhancement {n=10)
in the present study. Coagulation ne-
crosis shows both high and low signal
intensity on T2-weighted images and
can intermingle with the fibrous stro-
ma, which can affect the internal sig-
nal intensity. Another potential cause
of this discrepancy may have been the
scanning slice thickness (7 mm vs. 3
mim) and contrast resolution.

The standard gadolinium dose for
gadoxetic acid (0.025 mmol/kg) is
one-fourth that of gadopentetate di-
meglumine (0.1 mmol/kg). As the T1
relaxivity of gadoxetic acid is 1.8 times
that of gadopentetate dimeglumine
(17), the expected T1 relaxation ef-
fect would be expected to be one-half
that of gadopentetate dimeglumine
(18). Biodistribution studies of gadox-
etic acid have shown dose-indepen-
dent renal (41.6%-51.2%) and biliary
(43.1%~53.2%) elimination and an
enterohepatic recirculation rate  of
approximately 4% (19). Even though
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the effect of recirculated or extracellu-
lar distribution of gadolinium might
be less in gadoxetic acid-enhanced
MRI than in gadopentetate dimeglu-
mine-enhanced MRI, our result sug-
gests that the dynamic late phase can
give us useful information, similar to

Figure 1. a~g. A 59-year-old female with typical pHCC in the right lobe of the liver. Axial in-
phase image {a) shows a hypointense mass (arrows) with a slight hyperintense area (arrowheads).
Out-of-phase image (b) corresponding to (a) shows signal drop off, indicating an intralesional fat
component. T2-weighted image (¢) shows a hyperintense mass without a central hypointense
area. Precontrast dynamic image (d) clearly shows a hypointense rim suggesting a fibrous
capsule (arrowheads). Arterial-phase dynamic image (e) shows hypo- to hyperintense mass.
Dynamic late-phase image (f) shows cantrast washout. This mass is hypointense on hepatobiliary

phase (g).

delayed enhancement, using an ex-
tracel{ular contrast agent. In addition,
despite the absence of functional he-
patocytes in mICC, uptake of contrast
was seen in four mICC cases on hepa-
tobiliary phase. This is probably due
to the remaining contrast in the extra-

100 « March-April 2015 » Diagnostic and Interventional Radiology

cellular space of the tumor, After 2-5
minutes of contrast injection, extraccl-
lular contrast agent returns from the
interstitial space to the vascular space
due to decreased concentration in the
vascular space caused by excretion into
urine {20). Furthermore, because of the
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stronger enhancement of the liver pa-
renchyma on hepatobiliary phase of
gadoxetic acid-enhanced image (21),
most mICC did not show contrast
distribution, in contrast to dynamic
late phase. In case of pHCC, the up-
take of contrast was observed only in

Figure 2. a-g. A 60-year-old male with pHCC in the right lobe of the liver. Axial in-phase (a)

and out-of-phase (b) images show a slightly hypointense mass (arrows) without intratumoral fat.
T2-weighted image (c) shows a hyperintense mass without central hypointense area. Precontrast
dynamic image (d) shows a slightly hypointense mass {arrows) without a hypointense rim.
Arterial-phase dynamic image (e) shows ring-like enhancement of the lesion. Dynamic late-phase
image (f) shows 2 hypointense lesion without late enhancement within the lesion. Hepatobiliary
phase (g) shows no contrast uptake within the tumor. It was difficult to distinguish this pHCC

from miCC.

9% of cases (2 of 22) on hepatobiliary
phase, because the expression of up-
take transporter (organic anion-trans-
porting polypeptide 8 (OATP8) may
decrease as the tumor grade advances
{(22). Hepatobiliary phase images were
not helpful in differentiating mICC

from pHCC in our study, however,
hepatobiliary phase is very useful in
detection of satellite nodules or intra-
hepatic metastases (21). In addition,
radiologists should pay attention to
the pseudo-washout sign (23}, which
shows relatively low signal intensi-
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ty of hypervascular tumor because of
continuous contrast uptake in the sur-
rounding normal hepatic parenchyma
during the equilibrium phase.

MRI detection of fibrous capsule us-
ing an extracellular contrast agent is
reported to be most sensitive on the

Figure 3. a~g. A 58-year-old male with mICC in the right lobe of the liver. Axial in-phase (a)
and out-of-phase (b) images show hypointense mass (arrowheads) without intratumoral fat.
Single-shot T2-weighted image (<) shows hyperintense lesion (arrowheads) accompanied by
central hypointense area (arrow). Hypointense rim suggesting fibrous capsule was not observed.
Precontrast dynamic image (d) shows hypointense lesion (arrowheads) without a hypointense
rim, Arterial-phase dynamic image () shows ring-like enhancement of the lesion (arrowheads).
Dynamic late phase image (f) shows late enhancement of the center of the tumor (arrows).
Hepatobiliary phase (g) shows no obvious uptake of contrast in the tumor.

delayed-phase (24). Our results showed
that precontrast T1-weighted image is
the most sensitive at detecting fibrous
capsule, while dynamic late phase had
the lowest detection rate. Even though
there is a fair amount of contrast dis-
tribution into the fibrous capsule, in-
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creasing signal intensity due to uptake
of contrast by the hepatocytes and ex-
cretion into bile ducts in the surround-
ing noncancerous parenchyma may
obscure the pseudocapsule (Fig. 4).
Nishie et al. (25) reported that the
mean ADC of pHCC is significantly low-
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er than those of well and moderately dif-
ferentiated HCC. To our knowledge, no
previous reports focusing on the ADC of
miCC have been reported. In our study,
the mean ADC of mICC (0.85£0.18
*x107 mm?fs) was almost the same as
that of pHCC {0.872£0.20 x10* mm?Y/s).

Figure 4. a-g. A 76-year-old male with pHCC in the left lobe of the liver. Chemical shift images
(a, in-phase; b, out-of-phase) show a large mass (arrows) with slight signal drop off (arrowheads),
suggesting intratumoral fat. T2-weighted image (¢) shows hyperintense mass. Arterial-phase
dynamic study demonstrates hyperintense mass. Precontrast dynamic image (d) shows the
hypeintense rim (arrows) of the lesion. This mass enhances during arterial-phase dynamic image
() and then washes out on dynamic late phase (f). Note that the dynamic fate phase (f) and
hepatobiliary phase (g) failed to reveal a hyperintense rim. Hyperintense area in the tumor on
hepatobiliary phase (thick arrow) indicates bile production. An increase in the signal intensity of
the noncancerous hepatic parenchyma (N} is recognized. Precontrast image clearly demonstrates

the fibrous capsule.

We can deduce from these data that it
is difficult to differentiate mICC from
pHCC by means of ADC.

There were several limitations to this
study. First, our study population was
small because mICC and pHCC are
not common diseases. Second, we did

not compare the area of late enhance-
ment to that of pathological fibrosis
directly. Third, in daily practice, dy-
namic CT is routinely performed for
evaluating liver tumor; thus, delayed
enhancement can be easily evaluat-
ed. We did not directly compare the
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diagnostic performance of gadoxetic
acid-ephanced MRI and dynamic CT

or extracellular gadolinium
agent. Fourth, we did not

contrast
compare

with other tumors such as liver metas-
tasis or inflammatory pseudotumor in

noncirrhotic liver. In particu
metastasis in noncirrhotic 1
be encountered in the daily
[t goes without saying that
medical history is important
ing the differential diagnosis.

far, liver
iver will
practice.
patients’
in mak-

in conclusion, the absence of fat and
fibrous capsule, and presence of en-

hancement at 3 min are mor
tive for mICC than for pHCC.
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Comparative Study of Living and Deceased

Donor Liver Transplantation as a Treatment for

Hepatocellular Carcinoma
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BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

Living donor liver transplantation (LDLT) is an important treatment option for unresectable
hepatocellular carcinoma (HCC), bur whether recurrence and survival in LDLT differ from
those in deceased donor liver transplantation (DDLT) remains controversial.

A rerrospective analysis was performed between parients with HCC who underwent LDLT in
a Japanese institute (n = 133) and those who underwent DDLT in a United States institute
(n = 362). )

Although there was a difference in patient background characteristics (eg, body mass index,
donor age, Model for End-Stage Liver Disease [MELD] score), tumor aggressiveness repre-
sented by Milan crireria and microscopic vascular invasion were comparable between the 2
groups. The cumulative 5-year recurrence rates of the LDLT group and the DDLT group
were similar (14.8% vs 19.0%, p = 0.638), but overall survival in the LDLT group was
significantly better than that in the DDLT group (84.2% vs 63.5%, p < 0.0001). Separate
multivariate analysis identified different preoperative predictive factors for HCC recurrence
(salvage transplantation and Des-gamma-carboxy prodxmmbin >300 in the LDLT group,
beyond Milan criteria in the DDLT group). Combined multivariate analysis of the 2 groups
identified recipient’s body mass image >30 kg/m* as an independent risk factor for overall
survival; the technique of transplantation (LDLT or DDLT) was not found to be a risk factor.
When compared between the institutes where LDLT or DDLT were the first trearment
choices for unresectable HCC, recurrence rates were comparable. Living donor liver trasplan-
tation is a viable treatment option for unresectable HCC, providing recurrence rates similar

to those achieved with DDLT. (J Am Coll Surg 2015;220:297—304. © 2015 by the Amer-

ican College of Surgeons)

The efficacy of liver transplantation (LT) as a treatrment
option for unresectable hepatocellular  caricinoma
(HCC) is well established because it removes both the -
mor and the cirrhotic liver that is at risk of developing
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future malignancy.! The Milan criteria (1 nodule with a
maximal diameter of 5 cm or up to 3 nodules with a
maximal diamerer of 3 cm) are widely accepted for selec-
tion of patients with HCC for LT, and using them helps
achieve post-transplant long-term survival comparable to
that in padents without HCC.

In the United States, approximately 7,000 new patients
with HCC are put on the waiting list for deceased donor
liver transplantation (DDLT) each year, and 15% die
during the waiting period without receiving an LT due
to the relative shortage of deceased donors.® Because
long waiting time for DDLT increases the risk of tumor
progression and. drop out from the waiting list, living
donor liver transplantation (LDLT) has been proposed
as an alternative.”* However, the impact of the source
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At Kyushu University Hospital, the eligibility criteria
Abl tions and Acrony for LDLT at the beginning of the study period were: no

BMI = body mass index
DCP = des-gamma-carboxy prothrombin
DDLT = deceased donor liver transplantation

HCC = heparocellular carcinoma
LDLT = living donor liver transplantation
LT = liver transplantation

MELD = model for end-stage liver disease
MSMC = Mount Sinai Medical Center

of the graft (ic, DDLT or LDLT) on the treatment
outcome remains controversial. Some previous reports
have demonstrated worse overall and discase-free survivals
for patients treated by LDLT for HCC'’; others have
shown similar outcomes between LDLT and DDLT.>”
Because most published studies were conducted in West-
ern countries, where the large majority of LT are DDLT,
a possible bias for selection of treatment may exist such
that patients within Milan criteria are preferentially
treated with DDLT and chose beyond Milan criteria are
relegated to LDLT; chis is clearly the case in the Unired
States, where the organ allocation system assigns higher
priority to patients with HCC within Milan criteria.™”

In many Asian countrics, especially Japan, the availabil-
ity of organs from deceased donors is quite limited, so the
first treatment option for patients with unresectable HCC
is LDLT.**" We aimed to compare the treatment out-
comes between LDLT and DDLT in settings when they
were the first treatment choice for unresectable HCC.
Therefore, we compared LDLT in 133 patients from
Kyushu University (Japan) and DDLT in 362 patients
from Mount Sinai Medical Center (NY), both major
transplant centers in their respective countries. The pri-
mary endpoint was recurrence rate after LT, because it
is generally the most important factor that determines
long-term outcomes after LT.

METHODS

Patients

Between January 2002 and December 2010, 386 pa-
tients with a diagnosis of HCC underwent primary
DDLT at Mount Sinai Medical Center (New York,
NY), and 133 patients underwent primary LDLT at
Kyushu Universicy Hospital (Fukuoka, Japan). After
approval by the Mount Sinai Medical Center (MSMC)
Institutional Review Board and Kyushu Universicy
Ethical Committee, data were extracted from database
records and from hospital and office charts. Only pa-
tients with histologically proven HCC in their explants
were included in this study.

modality except LT available to cure HCC, end-stage
liver disease; no extrahepatic metastasis; and no major
vascular invasion such as portal vein or hepatic vein.
There was no restriction on the tumor size or tumor num-
ber. Because initial data demonstrated that patients wich
both HCC > 5 cm and serum des-gamma-carboxy pro-
thrombin (DCP) levels >300 mAU/mL had poor prog-
nosis," the policy changed in 2007 to exclude such
patients from transplant candidacy.

At MSMC, the eligibility criteria for DDLT were:
unresectable HCC within Milan criceria and tumor
beyond these limits that was down-staged by nonsurgical
treatment and maintained within Milan criteria for 6
months.

Because the series performed in MSMC included 24
patients (6.3%) with pathologic T4b tumors, but none
were included in the Kyushu University Hospital cohorrt,
these 24 patients were excluded from the comparative
analysis. Therefore, 362 DDLT patients from MSMC
(DDLT group) and 133 LDLT patients from Kyushu
University Hospital (LDLT group) were enrolled in this
study.

Preoperative assessment for hepatocellular
carcinoma

Preoperative diagnosis and staging of HCC was with
thoracic and abdominal CT and/or MRI. Routine bi-
opsies were not performed. Tumors were staged according
to the American Liver Tumor Scudy Group modified
Tumor-Node-Metastasis (ALTSG-TNM) classification.'”

Donor evaluation and selection

The selection criteria for partial liver graft from living
donor in Kyushu University was based on volumetric
analysis, and details are described elsewhere.'*" Briefly,
the left lobe was initially considered for the graft. The
right lobe was chosen if the estimated left lobe with the
caudare lobe volume of the donor was less than 35% of
the standard liver volume of the recipient. The person
was excluded as a donor candidate if the remnant liver
volume was less than 35% of the total liver volume. If
the CT or ultrasound study showed the possibility of stea-
tosis in the donor liver, short-term intensive treatment for
hepatic steatosis was prescribed before surgery.”

Postoperative management and follow-up

The transplantation procedures of both institutes have
been described previously.'*'* In both institutes, postop-
erative immunosuppressive therapy consisted of a triple-
drug regimen of cyclosporine or tacrolimus in

706




Vol. 220, No. 3, March 2015

Ninomiya et al

Living vs Deceased Donor Liver Transplantation 299

Table 1. Clinical Characteristics of Patients with Hepatocellular Carcinoma Receiving Living vs Deceased Donor Liver
Transplantation
Variables LDLT group (n = 133) DDLT group (n = 362) p Value
Recipient male sex,% 58.2 78.7 <0.0001
Recipient age, y, mean = SD 57.6 £ 7.1 583 £7.4 0.330
Recipient BMI, kgmz, mean + SD 23.9 + 3.1 27.6 £ 5.4 <0.0001
Cause,% - - 0.001
HBV 15.6 14.1 -
HCV 754 58.6 -
Others 9.0 27.3 -~
MELD score, mean = SD 119 + 49 159 £83 <0.0001
Waiting time, days, median (range) 44 (4—236) 196 (0—3996) <0.0001
Salvage transplantation,% 67.2 62.5 0.379
Log AFP, mean £ SD 1.60 =+ 0.97 1.20 + 0.70 <0.0001
DCP, mAU/mL, mean + SD 394 + 1404 - —
Beyond Milan criteria,% 414 343 0.162
Largest tumor diameter, cm, mean & SD 24+ 1.1 28+ 1.8 0.013
No. of tumor nodules 48 %79 2.6£22 <0.0001
Bilobar HCC,% 49.3 36.9 0.017
Pathologic ALTSG—TNM,% - - 0.005
T1 14.2 12.1 -
T2 40.3 52.5 -
T3 10.5 14.8 —
T4a 35.1 20.7 -
>T3 45.5 35.5 0.041

AFP, alpha feroprotein; ALTSG-TNM, American Liver Tumor Study Group modified Tumor-Node-Metastasis classificacion; BMI, body mass index; DCP,
des-gamma-carboxy prothrombin; DDLT, deccased donor liver transplantation; LDLT, living donor liver transplantation; MELD, model for end-stage liver

disease.

combination with corticosteroids and mycophenolate
mofetil. The dose of corticosteroids was gradually tapered
to discontinuation at 3 to 6 months after LT. The derailed
postoperative follow-up policy in each institute has been
described elsewhere.'”** Briefly, abdominal and chest
CT scans were performed at 3- to 6-month intervals.
Additionally, hepatic angiography, MRI, or bone scintig-
raphy examination was performed if there was derteriora-
tion in the graft function, or an increase in the alpha
fetoprotein (AFP) or DCP levels was noted, although
DCP was not measured in the MSMC cohort.

Statistical analysis

Descriptive statistics are expressed as mean = standard de-
viation (SD) or percenrages, and compared using a 2-
tailed, unpaired Student’s #test. Categorical data were
compared using the chi-square test. Nonparametric vari-
ables were expressed by median (range), and compared us-
ing the Mann-Whitney U tests. Overall survival and
recurrence rates were estimated using Kaplan-Meier
method and compared using the log-rank test. Deaths
from all causes were included in the calculadon of

survival. Cox proportional hazard models were created
to evaluate the risk associated with prognostic variables.
Statistical analyses were performed using JMP 9 software
(SAS Institute). A value of p < 0.05 was considered
significant.

RESULTS

Characteristics of LDLT and DDLT recipients

Table 1 shows the baseline characteristics of the 133
LDLT and 362 DDLT recipients at the time of LT.
No significant differences existed between the groups in
terms of recipient age and the proportion who underwent
salvage transplantation. The percentage of male sex, body
mass index (BMI), and Model for End-Stage Liver Dis-
ease (MELD) score were significanty higher in the
DDLT group than in the LDLT group. The percentage
of recipients with hepatitis C virus as the underlying cause
of cirrhosis was significantly higher in the LDLT group.
Regarding preoperative tumor characteristics, no signifi-
cant difference was found in the proportion of partients
ourside the Milan criteria. Log alpha feroprotein levels,
number of tumor nodules, and the proportion of patients
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with bilobar HCC or pathologic American Liver Tumor
Study Group modified Tumor-Node-Metastasis classifi-
cation stage >T3 were significandy greater in the
LDLT group than in the DDLT group; the largest tumor
diameter was greater in the DDLT group than in the
LDLT group.

Characteristics of LDLT and DDLT donors and
operative variables

Table 2 shows that age and BMI of the donor and cold
ischemic time were significandy higher in the DDLT
group than in the LDLT group. The maximum age of
the donor in the LDLT group was 58 years; that in the
DDLT group was 86 years. In the DDLT group,
34.8% of donors were older than 60, but none of the do-
nors in the LDLT group was older than 60. The DDLT
group included 23 right lobe grafts (6.4%) as a result of
split liver transplantation. The graft weight and graft-to-
recipient weight ratio (GRWR) were significantly higher
in the DDLT group than in the LDLT group. Operation
time, amount of blood loss, and requirement for any type
of blood rtransfusion were significantly greater in the

LDLT group than in the DDLT group. At liver explant
pathology, no significant difference was found between
the groups for microscopic vascular invasion. The
LDLT group had a higher incidence of poor histologic
grade compared with that in the DDLT group.

Post-transplant survival and hepatocellular
carcinoma recurrence

Figure 1A shows the overall survival after LT in all pa-
tients. The survival rate for LDLT recipients was signifi-
cantly better than that for DDLT recipients. After a
median post-transplant follow-up of 6.3 years in the
LDLT group and 5.6 years in the DDLT group, the 1-,
3-, and 5-year overall survivals were 93.2%, 87.0%, and
84.2% in the LDLT group, and 83.1%, 72.5%, 63.5%
in the DDLT group, respectively (p < 0.0001). Cumula-
tive recurrence rates (Fig. 1B) after LT in all patients were
not different between the groups (1+, 3-, and 5-year recur-
rence: 7.7%, 13.5%, and 14.8% in the LDLT group, and
6.0%, 13.8%, 19.0% in the DDLT group, respectively)
(p = 0.638).

Table 2. Characteristics of Living vs Deceased Donors and Operative Variables

Varlables LDLT graup (n = 133) DOLT group (n = 362) p Value
Donor
Sex, male,% 68.9 54.4 0.004
Age, v, mean £ SD 33.7 £9.6 517 £ 183 <0.0001
BMI, kg/m*, mean & SD 23.9 4 3.1 275+ 55 <0.0001
Graft type, % LL, 63.9; RL, 35.3; RPL, 0.8 Whole liver, 93.6; splic liver, 6.4
Graft weight, g, mean £ SD 475 4 99 1394 4 394 <0.0001
GRWR, %, mean & SD 0.77 £ 0.16 1.82 4+ 0.71 <0.0001
Blood type compatibility, % <0.0001
Identical 77.3 93.9
Compatible 15.9 5.5
Incompatible 6.8 0.6
Cold ischemic time, min, mean & SD 80.1 = 49.5 466.1 & 186.5 <0.0001
Warm ischemic time, min, mean £ SD 39.6 + 9.0 379 + 94 0.125
Operative time, min, median (range) 792 (545—1,489) 425 (211—894) <0.0001
Blood loss, mL, median (range) 5188 (150—35,000) 2000 (250—43,200) 0.009
Blood transfusion, U, median (range)
PRBC 10 (0—100) 7 (0—139) 0.001
FEP 15 (0—150) 7 (0=75) <0.0001
PC 20 (0—150) 0 (0—44) <0.0001
Microscopic vascular invasion, % 39.9 40.3 0.922
Tumor differendation, % <0.0001
Well 7.5 40.8
Moderate 63.9 49.7
Poor 28.6 9.7

BMI, body mass index; DDLT, deceased donor liver transplantation; FFP, fresh frozen plasma; GRWR, graft-to-recipient weight ratio; LDLT, living donor
liver cransplantarion; LL, left lobe: PC, plateler concentrate; PRBC, packed red blood cells; RL, right lobe; RPL, right posterior lobe.
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Figure 1. Kaplan-Meier curves of (A) patient overall survival and (B)
HCC recurrence rate after liver transplantation for HCC patients.
Comparison between LDLT performed in Kyushu University Hospitat
in Japan (n = 133) and DDLT performed in the Mount Sinai Medical
Center in New York {n = 362). DDLT, deceased donor liver trans-
plantation; HCC, hepatoceliular carcinoma; LDLT, living donor liver
transplantation.

A similar trend was noted on comparison according to
Milan eriteria (Figs. 2 and 3). In the DDLT group, 124 of
362 patients (34.3%) were outside the Milan criteria, as
compared with 55 of 133 patients (41.4%) in the
LDLT group. In patients who fulfilled Milan criteria,
the 1-, 3-, and 5-year overall survival rates were signifi-
cantly better in the LDLT group than in the DDLT
group (97.4%, 94.9%, and 93.3% in the LDLT group
[n = 78] vs 83.5%, 76.4%, and 69.5% in the DDLT
group [n = 238], respectively) (p < 0.0001).

Risk factors for hepatocellular carcinoma
recurrence after LDLT and DDLT

Supplementary Table 1 (online only) shows the results of
univariate analysis for factors associated with HCC recur-
rence in each group separately. Factors associated with

Figure 2. Kaplan-Meier curves of patient (A) overall survival and (B)
HCC recurrence rate after liver transplantation for HCC patients
within Milan criteria. Comparison between LDLT performed in
Kyushu University Hospital in Japan (n = 78) and DDLT performed in
the Mount Sinai Medical Center in New York (n = 238). DDLT,
deceased donor liver transplantation; HCC, hepatocellular carci-
noma; LDLT, living donor liver transplantation.

more aggressive tumor were similarly included in both
groups, but there were some factors that were specific to
L group or the other, such as salvage transplantation in
the LDLT group, and higher recipient BMI or more
transfusion in the DDLT group.

On multivariate analysis, among the preoperative vari-
ables in the LDLT group, salvage transplantation and
DCP levels over 300 mAU/mL were found to be indepen-
dent predictive factors for HCC recurrence. Meanwhile,
in the DDLT group, HCC beyond the Milan’ criteria
was an independent preoperative predictive factor for

HCC recurrence (Table 3).

Factors associated with post-transplant survival
after LDLT and DDLT

Supplementary Table 2 (online only) shows the results of
separate univariate analysis for variables associated with
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post-transplant survival in each group. Factors associated
with more aggressive tumors, greater blood loss, and
microscopic vascular invasion were similarly included in
both groups. In the DDLT group, higher recipient age,
hepatids C virus-related discase, higher MELD score,
and more fresh frozen plasma/packed red blood cell trans-
fusions were associated with decreased overall survival.

On multivariate analysis, HCC beyond the Milan
criteria was an independent prognostic factor for survival
in both groups (Supplementary Table 3, online only).

We performed univariate (Supplementary Table 4, on-
line only) and multivariate (Table 4) analysis of the
groups combined to identdfy any risk factor associated
with the difference in survival between the LDLT and
DDLT groups. On multivariate analysis, recipient BMI
higher than 30 kg/m* was an independent predictive fac-
tor for survival (p = 0.017). Although mode of LT (e,
LDLT vs DDLT) was identified as a significant prog-
nostic factor on univariate analysis, it was not prognostic
for survival on multivariate analysis.

DISCUSSION

Among concerns regarding the use of LDLT to treat
HCC is the tendency to include patients with higher tu-
mor stage because LDLT tends to be applied to patients
who are excluded from DDLT. In order to reduce this
source of selection bias, we compared the results from 2
centers where each respective modality was the first treat-
ment choice for unresectable HCC.

In a small single-center study of 60 HCC patients, Lo
and colleagues’ reported higher recurrence rates after
LDLT when compared with DDLT. They suggested
this difference was because of different baseline character-
istics in the 2 groups, for example, more salvage transplan-
tations in the LDLT group (10 of 43 LDLT vs 1 of 17
DDLT)." In our series, although multivariate analysis
detected salvage transplantation as an independent predic-
tor of tumor recurrence in the LDLT group, no difference
was found for rates of salvage transplancadion and recur-
rence berween the LDLT and DDLT groups. Therefore,
we concur with Lo and associates’ that the higher recur-
rence in their series was caused by differences in baseline
characteristics between groups. Another hypothetical
concern with LDLT is thac the rapid regeneration after
partial liver grafring in LDLT may result in increased
HCC recurrence due to effects on cell adhesion, angio-
genesis, and cell migration.”™* In this study, we found
similar rates of recurrence after LDLT and DDLT,
despite the preferential use of smaller left-sided partial
grafts for LDLT at Kyushu University.”* In a recent
multicenter study from the US (A2ALL cohort), Kulik
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Figure 3. Kaplan-Meier curves of patient (A) overall survival and (B)
HCC recurrence rate after liver transplantation for (B) HCC patients
beyond Milan criteria. Comparison between LDLT performed. in
Kyushu University Hospital in Japan (n = 55) and DDLT performed in
the Mount Sinai Medical Center in New York (n = 124). DDLT,
deceased donor liver transplantation; HCC, hepatocellular carci-
noma; LDLT, living donor liver transplantation.

and colleagues™ reported that HCC recurrence rates in re-
cipients receiving transplants after the introduction of
MELD prioritization were similar between LDLT and
DDLT after adjustment for twmor characteristics,
although the unadjusted crude data were significantly
different (38% in LDLT vs 11% in DDLT). These results
support the idea that higher recurrence rates observed af-
ter LDLT in Western countries in other reports may be
due to differences in baseline tumor characteristics.
Although baseline characteristics were actually different
in our series, comprehensive estimation of tumor aggres-
siveness, as represented by Milan criteria and microscopic
vascular invasion, was similar between the 2 groups; it is
therefore not surprising that recurrence rates were similar.

On multivariate analysis in the LDLT group, DCP
level greater than 300 mAU/mL was an independent
risk factor for HCC recurrence. Qur previous study
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Table 3. Multivariate Analysis of Factors Associated with Hepatocellular Carcinoma Recurrence after Living vs Deceased
Donor Liver Transplantation for Hepatocellular Carcinoma Patients

LDLT group (n = 133) DDLT group (n = 362)

Variabl Risk ratio (95% CI) p Value Risk ratio (95% CI) p Value
Recipient BMI > 30, ky/m” - — 1.96 (0.77—5.19) 0.158
Salvage ransplantation 4.31 (1.19=27.7) 0.024 - -
DCP > 300, mAU/mL 4.62 (1.70—12.4) 0.003 - =
Beyond Milan criteria 2.02 (0.66—6.96) 0.220 3.37 (1.27—-9.90) 0.014
PRBC rransfusion >7, U - - 1.14 (0.42—3.43) 0.796
Microscopic vascular invasion 1.22 (0.41-3.75) 0.722 3.05 (1.09—9.05) 0.033
Poor differentiation 2.78 (1.01—-8.18) 0.048 4.08 (1.27—11.3) 0.021
BMI, body mass index; DCP, des-g carboxy prothrombin; DDLT, deceased donor liver transplination; LDLT, living donor liver transplantacion;

PRBC, packed red blood cells.

demonstrated chac high levels of DCP correlated with the  to those with BMU preferably less than 30 kg/m? So,
presence of microscopic vascular invasion of HCC, and  more stringent cligibility criteria for undergoing LDLT
was therefore a powerful predictor of HCC recurrence af- might have contributed to better survival after LDLT.

ter LDLT." This might be a reason why microscopic The MELD score of the recipients in the DDLT group
vascular invasion, a well-known risk factor of HCC recur-  at listing was significantly higher than that in the LDLT
rence, was not predictive for HCC recurrence on multi-  group. While the pre-LT condition of the recipient
variate analysis in the LDLT group, although it was in  certainly is a factor in pose-LT survival, the mean
univariate analysis. Since 2007, Kyushu University has~ MELD in the DDLT group was only 16, not a level asso-
included the level of DCP as one of the cligibility criteria  ciated with significantly decreased post-LT survival,

for LDLT treatment of HCC patients. The primary reason for decreased survival in the DDLT

[n contrast to similar tumor recurrence between LDLT  group appears to be the effect of recurrent HCV infection
and DDLT in our series, the overall survival of LDLT pa-  of the allografts (data not shown). Donor age is a well-
tients was significantly better than that of DDLT patients.  known determinant of the severity of post-LT, and 35%
Because tumor recurrence rates were comparable, the sur- of the donors in the DDLT group were older than age

vival difference berween LDLT and DDLT mustbeatrib- 60, Other donor-related issues including, for example,
urable 1o nontumor-related factors. Recipient BMI was  steatosis, were not evaluated in this study but may also
significantly higher in the DDLT group, and it was  have contributed to increased impact of HCV recurrence

detected asan independent risk factor for survival on multi-  after DDLT.
variate analysis. Qur group previously showed thart higher There are several limitations to our study. Because
recipient BMI was associated with significantly worse out-  comparisons were between 2 centers in different coun-

comes after LDLT.** Therefore, at Kyushu University,  tries, the differences in baseline characreristics were sig-
eligibility for LDLT recipients and donors was restricted  nificant. Also, there might have been selection bias in

both centers. Therefore, it should be noted that current
Table 4. Combined Multivariate Analysis of Factors Asso-  results do not necessarily represent superiority of LDLT

ciated with Survival after Liver Transplantation for Hepato-  over DDLT in terms of survival bencfits of HCC pa-
celluiar Carcinoma Patients

tients receiving LT. This is especially true when consid-

Variables - Risk ratlo (95% CI) _ p Value ering issues of donor risk in patients subjected o LDLT.
Recipient age over 60 y _ L0 046274 0826 pygwever, important tumor characteristics such as Milan
Recipient BMI over 30, ke/m” 462 (1.31-15.9)  0.017 criteria and microscopic vascular invasion were not
MELD score 1.26 (033—3.76) 0709 significantly different between the 2 groups. Thercfore,
Beyond Milan criteria 2.09 (1.00—443)  0.052 we believe that it was acceprable to analyze, at least,
Donor age over 60 y 1.28 (0.22-5.87) _ 0.769 the outcomes of HCC patients in these 2 population
Cold ischemic time, h 1.21 (0.92—1.62) 0.184 groups.

Blood loss aver 31 0.98 (0.41-2.33) 0.964

DDLT vs LDLT 0.26 (0.02—2.88) 0.279

For both living and deceased donorsj, n=4‘)§. CONCLUSIONS

ML v X; LT, er « I ion;

‘fgi‘fl‘,b;;‘ji)ugnd‘::o:g;: trli)?[:lz;mtiom MEI‘.‘BTZ:o::Ierfor end‘—smge fiver When compa_red berween 2 centers where LDLT or
discase. DDLT was performed as the first treatment choice for
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unresectable HCC, recurrence rates were similar and sur-
vival rates in the LDLT group were better compared with
those in the DDLT group. Living donor liver transplan-
tation is a viable treatment option for unresectable
HCC, providing similar recurrence rates to those achieved
with DDLT.
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Supplementary Table 1.

and Deceased Donor Liver Transplantation

Univariate Analysis of Factors Associated with Hepatocellular Catrcinoma Recurrence after Living

LDLT group (n = 133)

DDLY group (n = 362)

Variables Risk ratio (95% Cl) p Value Risk ratio (95% CI) p Value
Recipient male sex 0.92 {0.38—2.28) 0.854 0.99 (0.52—2.10) 0.986
Recipient age, y 0.98 (0.93—1.05) 0.634 1.02 (0.98—1.06) 0.310
Recipient BMI, kg/m2 1.04 (0.89—1.22) 0.588 1.09 (1.01—1.18) 0.026
Etiology

HBV 1.34 (0.38—3.66) 0.609 0.84 (0.35—1.75) 0.672

HCV 0.69 (0.27—1.94) 0.453 1.25 (0.72-2.22) 0.429

Others 1.47 (0.23—5.11) 0.623 0.84 (0.43~1.54) 0.590
MELD score 0.96 (0.86—1.05) 0.339 0.98 {0.94—1.02) 0.320
Salvage transplantation 4.76 {1.37—29.9) 4.011 1.31 (0.66—2.76) 0.447
Log AFP > 1.2 1.74 (0.70—4.91) 0.243 2.20 (1.27—3.83) 0.005
DCP > 300, mAU/mlL 4.54 (1.83~11.0 0.002 - -
Beyond Milan criteria 4.92 (1.90—15.16) <0.0001 3.42 (1.97—6.08) <0.0001
Largest tumor diameter, em 1.83 (1.30—2.52) 0.001 1.14 (1.03—1.24) 0.016
No. of tumor nodules 1.10 (1.07—1.14) <0.0001 1.12 (1.03~1.19) 0.011
Bilobar HCC 3.23 (1.25-9.94) 0.015 1.58 (0.86—2.90) 0.142
Donor age, y 0.95 {0.90-1.00) 0.068 1.00 (0.98~1.01) 0.553
Donor BM, kg/m® 0.94 {0.79—1.10) 0.457 0.97 (0.90—1.03) 0.286
Cold ischemic rime, min 0.99 (0.97—1.00) 0.206 1.00 (0.99—1.00) 0.550
Warm ischemic time, min 0.95 {0.88—1.02) 0.173 1.01 (0.98—1.04) 0.637
Blood loss, L 0.92 {0.78~1.05) 0.239 0.95 (0.79-1.07) 0.463
Blood transfusion, U

PRBC 0.98 (0.94—1.02) 0.413 1.02 (1.00—1.04) 0.030

FEP 1.01 {0.99-1.03) 0.337 1.02 (0.99-1.05) 0.202

PC 0.99 (0.96—1.02) 0.641 1.01 (0.95—1.05) 0.726
Microscopic vascular invasion 3.29 (1.34—8.75) 0.009 5.79 (3.13—11.5) <0.0001
Poor differentiation 4.21 (1.74—10.8) 0.002 3.66 (1.88—6. 67) 0.001
AFP, alpha fetoprotein; BMI, body mass index; DCP, d carboxy prothrombin DDLT, d i donor liver FED, fresh frozen

plasma; LDLT, living donor liver rmnsphnmtmn MELD, \'(odel for End-! Smgc Liver Disease; PC, plateler concentrate; PRBC packed red blood cells.
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Supplementary Table 2. Univariate Analysis of Factors Assoclated with Survival after Living and Deceased Donor Liver
Transplantation for Hepatocellular Carcinoma Patients

LDLT group (n = 133) DDLT group {n = 362)

Variables Risk ratio (95% CI) p Value Risk ratio (95% CI1) p Value
Recipient male sex 1.69 (0.76—4.13) 0.202 0.79 (0.54—1.20) 0.267
Recipient age, v 1.01 (0.96—1.07) 0.667 1.03 (1.00—1.05) 0.020
Recipient BMI, kg/mz 1.10 {0.96—1.26) 0.174 1.04 (0.99—1.09) 0.094
Etiology

HBV 0.72 (0.17-2.07) 0.577 0.59 (0.32—1.01) 0.057

HCV 1.00 (0.42~2.73) 0.996 1.42 (1.00—2.05) 0.050

Others 1.57 (0.37—4.51) 0.491 0.87 (0.58—~1.28) 0.486
MELD score 1.02 (0.94--1.10) 0.584 1.02 (1.00—1.04) 0.048
Salvage transplantation 2,16 (0.88—0.48) 0.097 0.71 (0.48~1.08) 0.108
Log AFP > 1.2 166 {0.75—4.05) 0.220 1.27 (0.88—1.83) 0.207
DCP > 300, mAU/ml. 3.49 (1.56~7.56) 0.003 — -
Beyond Milan criteria 4.87 (2.07-13.3) 0.001 1.60 (1.13—2.26) 0.009
Largest tumor diameter, cm 1.39 (1.03—1.83) 0.033 1.06 (0.98—1.14) 0.153
No. of tumor nodules 1.06 {1.03~1.08) 0.001 1.05 {0.98—1.11) 0.181
Bilobar HCC 2.75 (1.20~7.04) 0.015 1.23 (0.82—1.85) 0.313
Donor age, y 1.01 (0.97-1.05) 0.716 1.00 (0.99—-1.02) 0.172
Donor BMI, kg/mz 0.92 {0.78—1.06) 0.235 0.96 (0.92—1.01) 0.096
Cold ischemic time, min 1.00 (0.98—1.01) 0.412 1.00 (1.00—~1.01) 0.099
Warm ischemic time, min 1.00 (0.95-1.06) 0.861 0.99 (0.98—1.01) 0.554
Blood loss, L 1.10 (1.01=1.17) 0.028 1.08 (1.02—1.12) 0.008
Blood transfusion, U

PRBC 1.02 (0.99—1.04) 0.289 1.02 (1.01—1.03) 0.003

FEP 1.00 (0.97—-1.01) 0.682 1.02 (1.00—1.04) 0.025

PC 1.00 (0.98—1.02) 0,783 1.01 (0.98—1.04) 0.563
Microscopic vascular invasion 3.08 (1.40—7.24) 0.005 1.86 (1.31—2.64) 0.001
Poor differentiation 1.51 (0.66—3.28) 0 319 1.35 (0.74—2.28) 0.309
AFP, alpha fetoprotein; BMI, body mass index; DCP, des-g carbo: b ; DDLT, d donor liver transplantation; FFP, fresh frozen

<y |
plasma; HBV, hepatitis B virus; HCV, hepaditis C virus; LDLT, lwmg donor liver tmnsplant.mon. MELD, Model for End-Stage Liver Discase; PC, placelet
concentrate: PRBC, packed red blood cells.

Supplementary Table 3. Multivariate Analysis of Factors Associated with Survival after Living and Deceased Donor Liver
Transplantation for Hepatocellular Carcinoma Patients

LDLT group (n = 133) DDLT group (n — 362)

Variables Risk ratio (95% Cl) p Value Risk ratio (95% CI) p Value
Recipient age > 56 v - — 1.49 (0.64—3.63) 0.353
Etiology HCV - - 0.78 (0.32—2.17) 0.606
MELD score >18 1.02 (0.94—1.10) 0.584 1.56 (1.24~5.87) 0.584
DCP > 300, mAU/mL 2.05 (0.84—4.95) 0.111 - -

Beyond Milan criteria 3.46 (1.37—9.97) 0.008 3,62 (1.44—10.5) 0.005
Blood loss >3 L 1.35 (0.58—3.54) 0.498 1.76 {0.73~4.71) 0.213
Microscopic vascular invasion 1.55 (0.62—4.05) 0.349 2.26 (0.96—5.65) 0.063
DCP, des-g: carboxy prothrombin; DDLT, deceased donor liver ransplantadon; HCV, hepatitis C virus; LDLT, living donor liver transplantation:

MELD, Model for End-Stage Liver Discase.
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Supplementary Table 4. Combined Univariate Analysis of
Factors Associated with Survival after Liver Transplantation
for Hepatoceliular Carcinoma Patients

Variables Risk ratio (95% CI) p Value
Recipient male sex 1.12 (0.78—1.62) 0.550
Recipient age, y 1.03 (1.01—-1.05) 0.015
Recipient BMI, kg/m* 1.08 (1.03—1.12) 0.001
Etiology

HBV 0.62 (0.35—1.00) 0.050

HCV 1.20 {0.86~1.68) 0.284

Others 1.08 (0.73—1.54) 0.701
MELD score 1.03 (1.01-1.05) 0.004
Salvage wransplantation 0.87 (0.60—1.26) 0.452
Log AFP > 1.2 1.18 (0.85—1.64) 0.332
Beyond Milan criteria 1.78 (1.30—-2.43) 0.001
Largest tumor diameter, cm 1.10 (1.02—1.17) 0.018
No. of wumor nodules 1.04 (1.01—1.06) 0.003
Bilobar HCC 1.32 (0.93—1.89) 0.124
Donor age, yr 1.01 (1.00—1.02) 0.004
Donor BMI, kg/m2 0.99 (0.95—1.03) 0.714
Cold ischemic time, h 1.09 (1.04—1.14) 0.001
Warm ischemic time, min 0.99 (0.98—1.01) 0.590
Blood loss, L 1.07 (1.02—1.11) 0.004
Blood transfusion, U

PRBC 1.01 (1.00—1.03) 0,022

FFP 1.00 (0.98—1.01) 0.611

PC 0.98 (0.97—1.02) 0.035
Microscopic vascular invasion 2.00 (1.45—2.75) <0.0001
Poor differentiation 1.06 (0.67—~1.61) 0.799
DDLT vs LDLT 2.28 (1.52—3.55) <0.0001

For both living and deceased donors, n=495.

AFP, alpha fetoprotein; BMI, body mass indexs DDLT, deceased donor
liver transplantation; FFP, fresh frozen plasma; HBV, heparitis B virus;
HCV, hepacisis C virus; LDLT, living donor liver transplancation; MELD,
model for end-stage liver disease; PC, plateler concentrate; PRBC, packed
red blood cells.
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Abstract for reducing peripheral neuropathy in patients with colo-
Background  Peripheral sensory neurotoxicity is a fre-  rectal cancer.

quent adverse effect of oxaliplatin therapy. Calcium and  Methods  Patients with colon cancer who were undergo-
magnesium (Ca/Mg) infusions are [requently used as  ing adjuvant therapy with infusional mFOLFOXG6 were ran-
preventatives, but a recent phase III trial failed to show  domly assigned to GIG (7.5 mg three times daily) or pla-
that they prevent neurotoxicity. We therefore conducted  cebo in a double-blind manner. The primary endpoint was
a multicenter randomized phase [II trial to compare fluo-  the time to grade 2 or greater neuropathy, which was deter-
rouracil, lcucovorin, and oxaliplatin (mFOLFOX6) with  mined at any point during or after oxaliplatin-based therapy
and without Goshajinkigan (GJG), a traditional Japanese  using version 3 of the National Cancer Institute Common
herbal medicine (Kampo), to determine GJG's potential ~ Terminology Criteria for Adverse Events (NCI CTCAE).
Findings ~ An interim analysis was performed when 142 of
the planned 310 patients had been enrolled and the safety
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discontinued. One hundred eighty-two patients were eval-
nable for response. They included 89 patients in the GIG
group and 93 patients in the placebo group. The incidence
of grade 2 or greater neurotoxicity was 50.6 % in the GIG
group and 31.2 % in the placebo group. A Cox proportional
hazards analysis indicated that the use of GJG was signifi-
cantly associated with the incidence of neuropathy (hazard
ratio, 1.908; p = 0.007).

Conclusion Goshajinkigan did not prevent 'oxaliplatin—
associated peripheral neuropathy in this clinical trial. The
clinical study was therefore terminated.

Keywords Adjuvant chemotherapy - Colon cancer -
Colorectal cancer - Goshajinkigan - Herbal medicine,
Kampo - Peripheral neuropathy

Introduction

In recent years, the standard chemotherapy for advanced/
recurrent colorectal cancer has been continuous intra-
venous infusion of S-fluorouracil (5-FU) or oral 3-FU
derivatives combined with either oxaliplatin [CapeOX,
FOLFOX4, or modified FOLFOX6 (mFOLFOXG6)] or iri-
notecan (CapelIRI, FOLFIRI) [1-3]. In a pivotal phase III
trial, FOLFOX was found to be superior to fluorouracil
and leucovorin (FU/LV) in patients with resected stage TIT
colon cancer in disease-free survival and overall survival
[6]. However, peripheral neuropathy is a complication of
oxaliplatin therapy, and therefore the oxaliplatin dose must
be limited to avoid toxicity.

The first strategy for avoiding oxaliplatin-linked neu-
ropathy involves stop-and-go regimens such as the OPTI-
MOX scries, which includes oxaliplatin-free intervals to
reduce grade 3 sensory neuropathy [7]. This stop-and-go
regimen avoids the problem of oxaliplatin-induced neuro-
toxicity by using the dose-intense FOLFOX7 regimen for
a defined period, stopping the therapy before severe neuro-
toxicity develops and then reintroducing the same regimen.
However, this is unsuitable as an adjuvant treatment, and is
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instead used for patients with recurrent or nonresectable can-
cer. As an alternative, neurologic symptoms may be reduced
by administering agents such as calcium (Ca) and magne-
sium (Mg) preparations {8]. Gamelin et al. [9, 10] reported
that the administration of calcium gluconate and magnesium
sulfate (Ca/Mg) before and after oxaliplatin therapy allevi-
ated peripheral neurotoxicity. Other similar treatments have
been described, which include carbamazepine {11] and glu-
tathione [12], but no effective remedy for oxaliplatin-induced
peripheral neurotoxicity has been established to date.

Goshajinkigan (GJG), a traditional Japanese herbal
medicine (Kampo), is composed of 10 crude herbs:
Rehmanniag lutinosa, Achyranthes spp. root, Cornus offici-
nalis, Dioscorea spp. rhizome, Plantago spp. seed, Alisma
orientale, Porica cocos, Moutan cortex, Cinnamomuin cas-
sia, and aconite tuber [13—15]. In Japan, GJG is primarily
used to improve symptoms such as numbness, cold sen-
sation, and limb pain associated with diabetic neuropathy
113, 16]. Goshajinkigan is also reportedly useful for cop-
ing with paclitaxel- and oxaliplatin-induced peripheral
neuropathy [17, 18]. Furthermore, Kono et al. [19] recently
reported that oxaliplatin-induced peripheral neurotoxic-
ity was relieved by the administration of GJG in patients
with advanced colorectal cancer who were receiving FOL-
FOX therapy. The GJG group experienced an improvement
in peripheral neurotoxicity, and these patients tended to
receive more oxaliplatin before peripheral neurotoxicity
developed [19]. To confirm the preventive effect of GIG
on oxaliplatin-induced peripheral neurotoxicity, we con-
ducted a double-blind, placebo-controlled, multicenter, ran-
domized phase I trial of GIG as an adjuvant therapy for
patients with resected stage ITI colon cancer.

Methods
Eligibility criteria

Patients who had histologically confirmed adenocarci-
noma of colorectal cancer, with the lower edge of the tumor
located at a site above the pouch of Douglas, were included
if they met all of the following criteria: they had an Eastern
Cooperative Oncology Group performance status (ECOG
PS) of 0 or I; their cancer status was pathological stage 111
(based on the 7th edition of the Japancse Classification of
Colorectal Carcinoma) [20]; they had undergone complete
radical resection (R0): the surgery had taken place within
8 weeks; and they had adequate hepatic, renal, respiratory,
and bone marrow function. All patients provided writ-
ten informed consent before their enroliment in the study.
Patients were not allowed to participate in the trial if they
had pre-existing peripheral neuropathy of any grade. The
study was approved by the institutional review boards of all
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participating institutions, and was registered in the Univer-
sity Hospital Medical Information Network (UMIN) clini-
cal trial registry (UMINOOQOO4282),

Treatment schedule and investigational medicinal products

Patients and all clinical study personnel who interacted with
them were blinded to the treatment arm. Patients were allo-
cated randomly to a 12-course mFOLFOXG6 regimen with
GIG at 7.5 g/day (Tsumura and Co., Akasaka, Japan) or an
identical placebo. The quality of the investigational medici-
nal products (i.c.. the placebo and GIG) was approved by the
Quality Assurance Unit of Tsumura in accordance with cur-
rent good manufacturing practice (¢cGMP). Tsumura prepared
and stored GJG. The placebo was prepared and stored by
Yamato Logistics (Tokyo, Japan) in a room in which humid-
ity and temperature were managed by a pharmacist during
the study period. The designated numbered drug was sent to
cach institution at every registration. The drug was handled
by a management representative (but not the researchers) in
each institution. Storage, shipment, receipt at the company,
management, use, and remaining checks at each institution
were managed by an electronic data capture (EDC) system.
Goshajinkigan and the placebo were administered on the first
day of mFOLFOXG6 therapy and continued to be administered
orally before meals or between meals on a daily basis until
the end of the 12 courses. Other sensory neuromodulatory
agents such as calcium—magnesium infusions or antiepilep-
tic agents were forbidden. The mFOLFOX6 chemotherapy
regimen consisted of a 2-h intravenous infusion of oxaliplatin
(85 mg/mz) combined with I-LV (100 mg/mz). followed by a
rapid intravenous infusion of 5-FU (400 mg/m"’), and then a
46-hour continuous infusion of 5-FU (2400 mg/m®). This reg-
imen comprised one course of therapy and was repeated once
every 2 weeks. Oxaliplatin dose modifications and skipping
were not allowed for patients who experienced grade 1 neu-
rotoxicity. However, a dose reduction of oxaliplatin to 75 mg/
m? was allowed for patients who experienced persistent grade
2 sensory neurotoxicity.

Endpoints

The primary endpoint was the time to the onset of grade
2 or greater sensory neurotoxicity [i.c., time to neuropathy
(TTN)] during therapy. Primary ncuropathy was assessed
using the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI CTCAE; version 3.0);
the Neurotoxicity Criteria of Debiopharm (DEB-NTC) was
used for comparison [21]. Standardized questions regard-
ing symptoms of neurotoxicity and examples of answers
were used to facilitate the more accurate classification of
patient-reported symptoms as grade 1, 2, 3, or 4. These
grades were determined by physicians from patient records.

Statistical considerations

Eligible patients were assigned randomly to receive GIG
or placebo in the ratio 1:1. Treatment allocation was strati-
fied by institution, sex, age (<65 and >65 years). The EDC
system was used to screen patients for treatment alloca-
tion. Patient and drug identification numbers were allo-
cated sequentially in the order in which the patients were
enrolled.

A two-arm, randomized, placebo-controlled, double-
blind, phase III design was employed. The TTN was
compared between groups using Kaplan—-Meier survival
curves and log-rank testing. In the MOSAIC trial, among
the patients receiving FOLFOX, and 44 % experienced
grade 2 and 48 % experienced grade 1 sensory neuro-
toxicity, respectively. In Japan, the Kyushu Study Group
of Clinical Cancer 0501 (KSCC0501) (FOLFOX4) and
SWIFT2 (mFOLFOX6) prospective studies reported
grade 2 or greater sensory ncurotoxicity in 43 % and
26 % of the patients, respectively. Thus, the cumulative
incidence of peripheral neuropathy was approximately
40 % after the 12-course chemotherapy regimen among
patients in the placebo group in this study. We expected
the cumulative incidence of peripheral neuropathy in the
GJG group to be 25 %. Ninety-five cases per arm were
required for the log-rank test to detect a difference of
15 % with 80 % power, and 291 cases were needed to
achieve this during the 6-month follow-up. The original
study design thus included 155 patients per arm. The
sccondary endpoints were of the proportions of patients
who reported adverse events and the dose intensity of
oxaliplatin, both of which were also compared between
the groups. The EDC system was used for patient enroll-
ment and for the preparation of a case report form (CRF)
from start to finish. The EPS Corporation (Tokyo, Japan)
conducted central monitoring every 6 months to manage
quality control and guarantee quality. The statistical sec-
tion of the EPS Corporation was in charge of statistical
analyses under the direction of YT (who was the repre-
sentative of statistics management). An interim analy-
sis was scheduled, based on the data for one-half of the
patients (i.e., 150 patients). The purpose of the interim
analysis was to curtail the recruitment when we found
that the Goshajinkigan arm was superior to the control
arm, with the significance level determined by the Lan—
DeMets alpha spending function (i.e., O’Brein—Fleming
type), or the futility of the Goshajinkigan arm given the
low value of the Bayesian predictive power. Stopping
boundaries according to the Lan-DeMets function werc
computed using the East software, version 5.3 (Cytel,
Cambridge, MA, USA). Statistical analysis of the study
data was conducted using SAS software, version 9.2
(SAS Institute, Cary, NC, USA).
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