554

MATSUMOTO ET AL.

Table 3. Comparison of Baylor and Japan’s Donor-Specific Inclusion and Exclusion Criteria

Baylor

Japan

Donor-specific in-  Multiorgan donor

clusion criteria

Adequate in situ hypothermic perfusion
Cold ischemia time: maximum 18 h
Age: 25 to 70 years

Hospitalization stay: <96 h

Donor-specific ex-  Warm ischemia exceeding 10 min

clusion criteria
Preexisting diseases: Diabetes mellitus type 1 or 2;
Malignancies other than primary brain tumor; Septi-
cemia
Circulation/blood pressure/cardiac arrest: S-Cre
>150% of initial value or ALT, AST >twofold of

Multiorgan donor

In situ hypothermic perfusion: no limit
Cold ischemic time: no limit

Age: less than 70 years
Hospitalization stay: no limit

Warm ischemia exceeding 30 min

Preexisting diseases: Diabetes mellitus type 1; Ma-
lignancies; Septicemia

Circulation/blood pressure/cardiac arrest: S-Cre,
ALT, AST no limit

normal
Vasopressors: Norepinephrine

Vasopressors: no limit

that TLM improved islet yields and the effect was more
apparent when pancreata were stored for longer periods
(12). In this study, we restricted CIT to less than 8 h.
Therefore, the effect of the TLM became less apparent.
In addition, in the previous study, members of the islet
team procured pancreata for the TLM. In this study, a

High Creatinine (4, 2%)
Fatty Pancreas (5, 3%)

Mo reason (9, 5%)
High glucose
(29, 16%)

Cardiac {
arrest
(8,4%)

Age (37, 20%)

multiorgan procurement team procured pancreata and
stored them by TLM. The University of Alberta group
also demonstrated that the TLM had no significant im-
pact on islet transplantation (6). In their study, the multi-
ple organ procurement team but not islet team procured
pancreata. These facts suggest that the type of procure-

Infection (14, 8%)

Rejection from

Family (15, 8%) D Qualified

Diabetes Some qualified

(17, 9%)
- Not qualified

Social {7, 4%)

Qualified by Japanese
Criteria
82/185 (44%6)

Figure 3. Reasons and number of unused pancreata from brain-dead donors in Texas. Out of 194 unused cases, the reasons that
the pancreata were not used were identified in 185 cases, based on Baylor islet-specific donor criteria. The reasons were reevaluated
by the Japanese criteria. Eighty-two cases out of 185 (44%) unused pancreata were qualified for islet donation based on the

Japanese criteria. Values are number, percentage of total.
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ment team has a significant impact on islet isolation.
This is because the TLM requires expertise to perform
properly (e.g., immersing at least two thirds of pancreas
into PFC, removing fat surrounding pancreas before
storage).

Even though the number is small, introduction of
ductal injection and procurement by the islet team sig-
nificantly improved islet yield; and introduction of the
KIIM further improved islet yields. One of the major
advantages of the KIIM is the density adjusted continu-
ous density gradient with Kyoto solution plus iodixanol
(10). This method enabled us to maximize the recovery
rate after purification; and this study showed the signifi-
cant improvement in recovery rate after purification.
Therefore, the KIIM seems beneficial for islet isolation
from brain-dead donors. The fact that transplanted islets
from the DI group resulted in excellent glycemic control
and insulin independence by the recipient further sup-
ported this concept. In order to confirm the benefit of the
KIIM for isolating islets from brain-dead donors, further
research is necessary to increase the case number. This
is our current ongoing research.

In this study, we reevaluated pancreas donors in the
Texas area with the Japanese criteria. Previously, we
demonstrated that islet isolation by KIIM using NHBDs
that had elevated blood creatinine levels and/or transam-
inase levels, or who had experienced cardiac arrest
events, which are current contraindications in the US for
donor eligibility, did not have a significant impact on
the isolation results (8). Therefore, those factors could
be eliminated from the list of contraindications and, in
fact, they are not contraindications under the Japanese
criteria. Under our current criteria in the US, ages of less
than 25 years old are contraindication for islet donors.
However, it was recently shown that younger donors
could provide high-quality islets even though isolation
of islets from young donors is difficult (5). In fact, we
isolated islets with the KIIM from a 14-year-old donor
pancreas. From this isolation, we obtained approxi-
mately 500,000 IE islets that resulted in successful islet
transplantation. Therefore, we propose that donor ages
of less than 25 years should not be a contraindication
for islet donors in the US. The Japanese criteria do not
impose such a limitation.

We showed that more than 40% of the unused pan-
creata were actually suitable for islet isolation under the
Japanese criteria with the KIIM. We conclude that with
the KIIM and the Japanese criteria, more than 2,500 ad-
ditional donor pancreata might be used for islet isola-
tions annually in the US.
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Evaluation of engrafted islets mass is important for clinical care of patients after islet transplantation. Re-
cently, we developed the secretory unit of islet transplant objects (SUITO) index, which reflected engrafted
islet mass. In this study, we evaluated the SUITO index for the prediction of clinical outcome after single
islet transplantation. Single islet transplantations were performed into six type 1 diabetic patients. Isolated
islets were quantitatively assessed at the time of transplantation. The SUITO index was calculated as follows:
fasting C-peptide (ng/dl)/[fasting blood glucose (mg/dl) — 63] x 1500. Islet yield/recipient’s body weight and
SUITO index were evaluated, along with HbA,, relative insulin dose (insulin dose posttransplant/pretrans-
plant), and M-values. HbA,c improved in all cases, irrespective of the SUITO index score or islet yield/body
weight. The average SUITO index from postoperative days 3 to 30 (R? =0.728, p < 0.04), but not islet yield/
body weight (R? = 0.259, p = 0.303), correlated with relative insulin dose. The daily SUITO index strongly
correlated with the daily relative insulin dose (R? = 0.558, p < 0.0001) and weakly correlated with the daily
M-values (R? = 0.207, p < 0.02). A SUITO index score of less than 10 was associated with increasing insulin
dose even after islet transplantation. The SUITO index seems to be a better predictor of success of islet
transplantations than islet yield/body weight. SUITO index is recommended to assess clinical outcome of

Shinichi Matsumoto,* Hirofumi Noguchi,* Nobuyo Hatanaka,t Masayuki Shimoda,} Naoya Kobayashi,§

islet transplantation,

Key words: SUITO index; Islet transplantation; Single donor; M-value

INTRODUCTION

Pancreatic islet transplantation is a promising treat-
ment for type 1 diabetes (5,15). However, poor long-
term insulin independence is currently one of the issues
for islet transplantation. After 5 years of islet transplan-
tation less than 10% of patients could maintain insulin
independence but more than 70% patients maintained
islet function (14,16). The patients with functioning is-
lets could maintain excellent glycemia and, importantly,
those patients could have substantial improvement of
hypoglycemic episodes, even though insulin injection is
necessary. Therefore, the current goal of islet transplan-
tation has shifted from insulin independence to maintain-
ing excellent glycemic control without hypoglycemic un-
awareness (16).

Recently, we demonstrated that single donor islet
transplantation significantly improved glycemic control

and reduced the basal insulin requirement (12). Those
patients also had substantial improvement in their hypo-
glycemic episodes (3). In some countries, like Japan, or-
gan donors for islets are extremely low and donor short-
age is a serious issue. Therefore, we consider single
donor islet transplantation to be an option for the treat-
ment of type 1 diabetes with hypoglycemic unaware-
ness.

Evaluation of the efficacy of islet transplantation is
important to follow up the clinical course. Recently, we
and others demonstrated that the ratio between fasting
C-peptide levels and glucose levels correlated with insu-
lin requirement after islet transplantation (1,4,10,17).
We developed a secretory unit of islet transplant objects
(SUITO) index, which reflects engrafted islet mass com-
pared to P-cell function in a normal healthy person
(4,10). The formula of the SUITO index is as follows:
fasting C-peptide (ng/dl)/[fasting blood glucose (mg/dl) —
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63] x 1500. A SUITO index of 100 reflects 100% pan-
creatic B-cell function in a healthy person. For example,
if the fasting C-peptide level is 0.8 ng/dl and blood glu-
cose is 103, the SUITO index will be 0.8/(103 — 63) x
1500 = 30. The average SUITO index after islet trans-
plantation from postoperative days 3 to 30 was shown
to be correlated with insulin reduction (10).

In this study, we examined whether the SUITO index
reflected the clinical outcome after single islet transplan-
tation.

MATERIALS AND METHODS

Pancreas Procurement, Islet Isolation,
and Transplantation

Single islet transplantations were performed between
March, 2005 and March, 2007 at Baylor University
Medical Center (Dallas, TX, USA). The procurement
and allocation process of donated pancreata is governed
by the United Network for Organ Sharing (UNOS)
guidelines and managed locally by the Southwest Trans-
plant Alliance or LifeGift, local organ procurement or-
ganizations. In four cases, pancreata were shipped to a
remote center and islets were isolated at the remote cen-
ter (2). In two cases, islets were isolated at our center
(Baylor Institute for Immunology Research). In all
cases, pancreases were preserved oxygen charged static
two-layer method (9) and islets were isolated according
to the Edmonton protocol (8,15). Islet yield was deter-
mined with dithizone staining ((2 mg/ml; Sigma Chemi-
cal Co., St. Louis, MO, USA) under optical graticule
and converted into a standard number of islet equiva-
lents (IE, diameter standardizing to 150 pum) (8,11). At
least 4,000 IE/kg body weight islets were transplanted
into type 1 diabetic patients. Patients were sedated and
a percutaneous transhepatic approach was used to gain
access to the portal vein for all patients. Once access
was confirmed, the Seldinger technique was used to
place the Kumpe catheter within the main portal vein.
Islets were infused by gravity using the bag technique.

Immunosuppression consisted of maintenance with
tacrolimus (Prograf®, Fujisawa, Japan), at a target trough
level of 4-6 ng/ml and sirolimus (Rapamune®, Wyeth
Pharmaceuticals, Inc., Madison, NJ, USA), at a target
trough level of 12-15 ng/ml (15).

Assessment of Islet Transplantation Efficacy

In this study, we assessed islet transplantation effi-
cacy using the SUITO index or islet yields per body
weight after a single infusion of islets from brain-dead
donors into six type 1 diabetic patients. Transplantation
efficacy was evaluated by HbA,c, relative insulin dose,
and M-values. We avoided using the SUITO index from
postoperative days (POD) 0 to 2, because broken islets

MATSUMOTO ET AL.

release high levels of C-peptide during the first 24 h
after transplantation (4,10).

The values of HbA,¢ pretransplantation and 3 months
after islet transplantation were compared.

Relative insulin dose was calculated as follows: daily
insulin dosefinsulin dose immediately prior to islet
transplantation. When insulin independence is achieved,
the relative insulin dose is 0% and when the insulin dose
is the same as just before transplantation, the relative
insulin dose is 100%.

M-values were calculated using blood glucose levels
from six time points (before and after breakfast, before
and after lunch, before and after dinner). M-values were
calculated as follows: M-value = average of six mea-
surements of absolute value of log[blood glucose (mg/
d/100P (13).

We analyzed the relationships of HbA ¢ with the av-
erage SUITO index (from POD 3 to 30) and the islet
equivalent per body weight. We also analyzed the rela-
tionships of the relative insulin dose with the average
SUITO index (from POD 3 to 30) and islet equivalent
per body weight. The relationships of the average (from
POD 3 to 30) M-value with the average SUITO index
(from POD 3 to 30) and islet equivalent per body weight
were also analyzed.

Then we analyzed the daily SUITO index, the daily
relative insulin dose, and daily M value to examine
whether the daily SUITO index is useful to predict clini-
cal outcome. For this purpose, we plotted all daily
SUITO index measurements against relative insulin dose
and M-values of the six recipients.

Statistical Analysis

Values were expressed as mean + SE. Correlations
between two factors were analyzed by simple regression
tests. Statistical analyses were performed with Stat View
4.0. A value of p < 0.05 was considered significant.

RESULTS
Recipient and Clinical Characteristics

Recipient characteristics are shown in Table 1. Islets
were isolated at a remote center for the initial four cases
and switched to a local center for the last two cases.
Islets from case #5 were transplanted without culture
and for the other cases islets were transplanted after cul-
ture. All isolated islets were qualified for transplantation
based on the Edmonton protocol (15).

Islet yield per body weight, average SUITO index,
and clinical characteristics are shown in Table 2. Ranges
of islet yield per body weight were from 4,063 to 12,241
IE/kg. The averages (POD 3 to 30) of the SUITO index
were from 6.1 to 24.6. The ranges of relative insulin
dose were from 22.2% to 92.2%; therefore, even the
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Table 1. Recipient Characteristics

559

Gender Age (Years) Body Weight (kg) BMI (kg/m®) Islet Yield (IE) Isolation Center
1 F 28 63 256 293,796 remote
2 M 46 91 28.7 372,561 remote
3 F 28 64 23.6 482,507 remote
4 M 48 75 212 473,610 remote
5 F 58 57 242 697,763 local
6 F 55 70 25.6 342,216 local

BMI, body mass index.

most effective case still required 22.2% of pretransplant
amount of insulin.

HbA ¢ data showed that all cases improved glycemic
control irrespective of SUITO index or islet yield/body
weight (Table 2).

Comparison of Islet Yield/Body Weight and Average
SUITO Index for Prediction of Clinical Outcome

The relationship between islet yield/body weight and
relative insulin dose is shown in Fig. 1, left panel. There
was no significant correlation between islet yield per
body weight and relative insulin dose. The relationship
between the average (POD 3 to 30) SUITO index and
relative insulin dose is shown in Figure 1, right panel.
There was significant correlation (p =0.031) between
average SUITO index and relative insulin dose.

The relationship between islet yield/body weight and
the average M-values is shown in Figure 2, left panel.
There was no significant correlation between islet yield
per body weight and the average M-values. The relation-
ship between the average (POD 3 to 30) SUITO index
and the M-values is shown in Figure 2, right panel.
There was no significant correlation between the aver-
age SUITO index and the average M-values.

Daily SUITO Index Correlated With Daily Insulin
Dose and M-Value

Then we examined the relationship between the indi-
vidual SUITO index versus daily relative insulin dose

Table 2. Characteristics of Transplant

and daily M-values. The daily SUITO index strongly
correlated with the daily relative insulin doses (Fig. 3,
left) and weakly but significantly correlated with daily
M-values.

When the SUITO index was less than 10, the average
relative insulin dose was 117.1+5.9% and when the
SUITO index was equal or more than 10 the average
relative insulin dose was 55.4 + 8.4% (Table 3). The rel-
ative insulin dose was substantially lower when the
SUITO index was equal to or more than 10 (p<
0.0000001).

When the SUITO index was less than 10, the average
M-value was 18.3 + 3.8 and when the SUITO index was
equal to or more than 10 the average relative insulin
dose was 11.5 + 3.0 (Table 3). There was no significant
difference in the average M-values between the group
with a SUITO index less than 10 and the group whose
index was equal to or more than 10 (p = 0.21).

DISCUSSION

Monitoring of transplanted islet mass and function is
important to evaluate clinical outcome. Previously, we
have shown that single donor islet transplantation from
non-heart-beating donors could improve glycemic con-
trol without hypoglycemic unawareness (12). The con-
cept of single donor islet transplantation is important for
a country that has a limited number of donor pancreata,
like Japan (6,7). We evaluated islet transplantation with
non-heart-beating donors and living donors using the

IE/kg Body Weight Average SUITO Index Relative Insulin Dose (%) Pre-Tx HbA,, Post-Tx HbA,,
1 4,663 11.1+20 49.1 9.7 52
2 4,094 6.1+09 2.2 99 5.8
3 7,539 7.7+1.6 89.5 8.6 6.4
4 6,314 17.2+£3.1 375 7.2 6.0
5 12,241 246+89 222 8.3 7.0
6 4,889 89+0.6 48.3 74 5.0

IE, islet yield; SUITO, secretory unit of islet transplant objects; HbA,,, glycosylated hemoglobin.
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Figure 1. Relationships between relative insulin dose versus islet yield/body weight (left) and average SUITO index (right). The

average SUITO index correlated with relative insulin dose.

SUITO index (4,10). In that study, an average SUITO
index (from POD 3 to 30) of more than 26 was associ-
ated with insulin independence (10).

In this study, the average SUITO index but not islet
yield/body weight correlated with relative insulin dose.
An islet yield/body weight ratio of more than 10,000 IE/
kg is associated with insulin independence according to
the Edmonton protocol (15). In this study, we found that
the average SUITO index was a better indicator of clini-
cal outcome than islet yield/body weight. This is reason-
able because islet yield did not reflect viability or en-

M-Value
307
*
251
”0 R*=0.203
P=0370

151

101

5 E

0 - ' .

0 5000 10000 15000
Islet Yield / Body Weight

graftment of transplanted islets. On the contrary, the
SUITO index was calculated based on secreted C-
peptide stimulated by glucose, which should reflect islet
mass and function. The average SUITO index of approx-
imately 30 was associated with insulin independence
after islet transplantation from brain-dead donors when
we extrapolated the data. This result is similar to the
results of islet transplantation from non-heart-beating
and living donors.

HbA  were all improved, irrespective of islet mass
or SUITO index. This is most likely because islets can

M-Value
3 -
*
2 g
2 R*=0.374
P=0.196
l g
1 .
5-
0 13 ¥ L3 L] 1 1
0 5 10 15 20 25 30

Average SUITO Index

Figure 2. Relationships between M-values versus islet yield/body weight (left) and average SUITO index (right). Neither islet
yield/body weight nor the average SUITO index correlated with the M-values,
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Figure 3. Relationships between the daily SUITO index versus the relative insulin dose (left) and M-values (right). The daily
SUITO index strongly correlated with the relative insulin dose and weakly correlated with M-values.

meticulously regulate blood glucose, irrespective of the
amount of external insulin injected. Even small amounts
of engrafted islets were helpful for improving glycemic
control and this fact is important to support the concept
of single donor islet transplantation for brittle type 1 dia-
betes. The average M-value did not correlate with either
the SUITO index or islet yield/body weight. This also
indicated that even a small amount of engrafted islets
could maintain excellent glycemic control, irrespective
of the amount of external insulin injected.

Next, we compared the daily SUITO index with the
daily relative insulin dose and daily M-values. We se-
lected M-values instead of MAGE. MAGE requires 2-
day blood glucose measurements (15) and therefore can-
not be used as a daily indicator. The daily SUITO index
strongly correlated with the daily relative insulin dose
and weakly correlated with M-values. Because the
SUITO index reflected engrafted islet mass, it seems
reasonable that it correlates with the daily relative insu-
lin dose.

Interestingly, the average relative insulin dose was

Table 3. SUITO Index Correlates With Insulin Dose
and M-Value

SUITO Index Relative Insulin Dose (%) M-Value

<10 117.1£59 183+3.8

210 554+84 11.5+£3.0
p < 0.0000001 p=021

M-value: average absolute blood glucose over day.

more than 100% when the SUITO index was less than
10. This means the patients needed more insulin com-
pared to the dose of insulin before transplantation. In
such cases, patients still improved glycemic control after
islet transplantation even though more insulin was re-
quired, evaluated by improved HbA ¢ and fewer events
of hypoglycemic unawareness. A possible explanation is
that after islet transplantation, alpha cells in the trans-
planted islets may secrete glucagon to counteract the
overdose of the insulin injection that can stabilize glu-
cose levels. In addition, use of tacrolimus might increase
glucose levels, which might result in high insulin dosage.

The daily SUITO index weakly correlated with M-
values. This suggested that even small amounts of en-
grafted islets help to maintain excellent glycemic con-
trol. Consequently, larger amounts of engrafted islets
might maintain glycemic control more efficiently. How-
ever, there was no significant difference in the M-values
between the group with a SUITO index of less than 10
and the group with a SUITO index equal to or more than
10. This also indicated that a relatively small number of
islets can work to stabilize glycemic control.

In conclusion, the SUITO index was an excellent pre-
dictor of clinical outcomes, especially to predict the nec-
essary insulin dose. We recommend using this simple
index for assessing engrafted islet mass and function.
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