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Background 
 131I m

eta-iodobenzylguanidine (M
IB

G
), and 90Y D

O
TA 

P
he1-Tyr3-O

ctreotide (D
O

TATO
C

), have each show
n 

effectiveness for treatm
ent of m

etastatic neuroendocrine tum
ors.  

H
ow

ever, delivering sufficient radiation dose to the tum
or to result 

in a high percentage of objective tum
or responses or cure is 

challenging because of the radiation dose lim
its im

posed by 
dam

age to norm
al tissues.c 

C
oncept I 

O
rgan biodistribution and kinetics of 90Y D

O
TATO

C
 are 

substantially different com
pared to 131I M

IB
G

 leading to 
different “dosage” lim

iting organs for these radioactive 
drugs w

hen they are used for therapy 

K
idneys are dosage lim

iting organ for 90Y-D
O

TATA
C

 w
hile bone 

m
arrow

 is lim
iting for 131I M

IB
G

.  
 H

aving different dose lim
iting norm

al organs m
akes it possible to 

com
bine 131I M

IB
G

 w
ith 90Y-D

O
TATA

C
 to deliver a higher 

radiation dose to the tum
or than w

ould be achievable w
ith the 

m
axim

um
 safe am

ount of either drug alone. 

C
oncept II 

   W
e have dem

onstrated m
athem

atically that w
hen the follow

ing dosim
etric conditions 

are satisfied for a given patient 
 (T/K

) M
IB

G > (T/K
) D

O
TATO

C  and   (T/M
) D

O
TATO

C > (T/ M
) M

IB
G  

 w
here 

T= Tum
or dose/m

B
q 

K
= K

idney dose/m
B

q 
M

= M
arrow

 dose/m
B

q 
 then a com

bination of each drug can be precisely determ
ined w

hich delivers  a 
m

axim
um

 tum
or dose greater than that for either Y-90 D

O
TATO

C
 or I-131 M

IB
G

 given 
individually, w

ithout exceeding the lim
iting dose to either critical organ 

 (M
adsen, Bushnell et al. J Nucl M

ed 2006; 660-667.) 

For Therapy w
ith 

Y-90 D
O

TATO
C

 and I-131 M
IB

G
: 

Study O
bjectives 

 
 

1.
Determ

ine the percentage of adult patients w
ith m

idgut carcinoid 
tum

ors, or children w
ith neuroblastom

a, w
ho w

ould receive an increase 
in tum

or radiation dose, above that for either Y-90 DO
TATO

C or I-131 
M

IBG
 given individually, by using patient specific dosim

etry to deliver 
an optim

ized com
bination of these drugs 

 
2.

Determ
ine the m

agnitude of increase in tum
or radiation dose, above 

that for either Y-90 DO
TATO

C or I-131 M
IBG

 given individually, by using 
an optim

ized com
bination of these drugs 

 

D
ESIG

N
 

   I. 
PR

O
O

F O
F C

O
N

C
EPT 

 
M

edian dose/M
Bq values w

ere taken from
 the literature for I-131 

M
IBG

 and Y-90 D
O

TATO
C for K

idneys, Bone M
arrow, and Tum

or, 
and w

ere used to sim
ulate a —representative“ patient. W

e input this data 
into our previously published m

athem
atical m

ethod to determ
ine 

expected tum
or dose increase from

 com
bination therapy above that 

achievable w
ith individual drug therapy.  

 
II.  C

LIN
IC

A
L STU

D
Y

 
•

SPECT im
ages of the chest/abdom

en along w
ith blood sam

ples w
ere 

obtained at 1, 4, 24, and 48 hours follow
ing sim

ultaneous injection of 
both I-131 M

IBG
 and In-111 pentetreotide (as surrogate for Y-90 

D
O

TATO
C) on a series of subjects w

ith know
n, CT defined (w

ithin one 
m

onth), m
etastatic soft tissue m

idgut carcinoid tum
ors.  

•
From

 this data w
e calculated dose/M

Bq for K
idneys, Bone M

arrow, 
and Tum

or sites for both Y-90 D
O

TATO
C

 and I-131 M
IBG

 for each 
subject. Y-90 D

O
TATO

C
 K

idney dose/M
Bq w

as then decreased by 
20%

 for each subject to sim
ulate the effect of am

ino acid infusion 
during an actual therapy. 

•
These patient specific dose/m

Bq values w
ere then used to calculate 

m
axim

um
 achievable tum

or radiation doses from
 either Y-90 

D
O

TATO
C

 or I-131 M
IBG

 separately com
pared to an optim

ized 
com

bination of both. 

R
esults (proof of concept) 

For a —representative“ patient w
ith the follow

ing I-131 M
IBG

 and 
Y-90 D

O
TATO

C dosim
etry values (dosim

etry data obtained from
 

literature): 
BM

M
IBG  = 0.19 m

G
y/M

Bq 
BM

D
O

TA  = 0.13 m
G

y/M
Bq 

K
M

IBG  = 0.08  m
G

y/M
Bq 

K
D

O
TA  = 2.16 m

G
y/M

Bq 
T

M
IBG  = 8.0 m

G
y/M

Bq 
T

D
O

TA  = 11.0 m
G

y/M
Bq 

BM
 = Bone M

arrow
 

K
 = K

idney 
T = tum

or 

 A
nd applying K

ID
N

EY D
O

SE LIM
IT of 2300 cG

y &
 BM

 LIM
IT 300 

cG
y w

e get: 
 M

axim
um

 tum
or dose from

 Y-90 D
O

TATO
C

 = 11,712 cG
y 

M
axim

um
 tum

or dose from
 I-131 M

IBG
 = 12,631 cG

y 
M

axim
um

 tum
or dose from

 C
O

M
BIN

ATIO
N

 = 18,337 cG
y 

 A
nd thus a 45%

 increase in tum
or dose w

ould be expected  from
 

com
bination R

x in this sim
ulated patient 

M
axim

um
 Achievable Safe Tum

or D
ose Level for 
  

0
2000
4000
6000
8000

10000
12000
14000
16000
18000
20000

10.6 
G

Bq
15.8 
G

Bq
19.1 
G

Bq

Tum
or dose I-131

Tum
or dose Y-90 &

 I-
131 com

bination
Tum

or dose Y-90 

Based on m
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etry data from
 

literature for kidneys, m
arrow, and 

tum
ors for M

IBG
 and D

O
TATO

C 

cG
y 

Absorbed Dose to Tumor 

A
dm

inistered D
osage 

 To date w
e have com

pleted study and analysis on 4 subjects w
ith m

etastatic carcinoid 
tum

ors. W
e have enrolled 4 additional subjects.  Each of the 4 subjects had at least 

one m
easurable soft tissue tum

or site on contrast enhanced CT. There w
ere a total of 9 

CT defined m
etastatic lesions involving either the liver or abdom

inal lym
ph nodes in 

the 4 subjects. In 2 of the 4 subjects, tum
or sites w

ere seen only on In-111 
pentetreotide im

ages. W
hereas in the other 2 individuals (subjects 1 and 4), all 4 

tum
or sites w

ere visualized w
ith both In-111 pentetreotide and I-131 M

IBG
. 

Technical problem
s lim

ited our ability to com
plete m

easurem
ents in 1 of these 4 

tum
ors. D

osim
etry results for the other 3 tum

ors from
 2 subjects are presented in 

figure 2. In all three of the tum
ors from

 the 2 subjects the radiation dose w
as 

calculated to have been greater for a com
bination of Y-90 D

O
TATO

C and I-131 
M

IBG
 than for either agent given alone. In subject #1 the single tum

or tum
or site 

radiation dose w
as higher by 24%

. In subject #4 the increase in tum
or radiation dose 

levels w
as around 10%

.  
 

M
axim

um
 Achievable Tum

or D
ose Levels for Subjects w

ith tum
ors 

visible on both I-131 and Y-90 Im
ages 
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A
ll results obtained using 

K
idney lim

it of 23 G
y 

&
 m

arrow
 lim

it of 3 G
y 

Subjects 2 and 3 show
ed w

hat w
ould be m

axim
um

 tum
or dose w

ith Y-90 D
O

TATO
C

 
alone  

N
=4 

20.1 G
Bq I-131 and  

 11.0 G
Bq of Y-90 

Left: Co-registered In-111 pentetreotide coronal SPECT and CT for subject #4.  
Right: Coronal SPECT of I-131 M

IBG
 at approxim

ately the sam
e level.  

N
ote discordant location of M

IBG
 vs octreotide in larger (superior) nodal m

ass. 

L 

M
IBG

 

O
ctreotide uptake in nodal m

asses 

D
iscussion 

O
ne of the lim

its of this study relates to our use of In-111 pentetreotide 
as a surrogate for Y-90 D

O
TATO

C,  particularly since Y-90 D
O

TATO
C has a higher 

binding affinity for type II som
atostatin receptors. O

ptim
al dosim

etry m
easurem

ents 
m

ight eventually best be m
ade w

ith I-124 M
IBG

 and Y-86 D
O

TATO
C PET/CT. In 

addition, the 48 hour tim
e interval w

e used for m
easuring biodistribution and kinetics 

for these drugs is som
ew

hat short.  A
nd of course, further study is need on additional 

subjects to confirm
 our findings.  

 There m
ay be other potential advantages to com

bining I-131 M
IBG

 w
ith Y-90 

D
O

TATO
C for treatm

ent of carcinoid tum
ors besides the enhanced m

acroscopic 
tum

or dosim
etry advantage that w

e have dem
onstrated here.  

 
P

ossible additional Value of C
om

bined therapy w
ith 131I M

IB
G

 plus 90Y D
O

TATO
C

 

D
ue to differences in m

echanism
 of tum

or targeting 
•

V
M

AT1 and S
STR

 2 density m
ay vary w

ithin a m
etastatic N

E
T site 

•
V

M
AT1 and S

STR
 2 density m

ay vary from
 one m

etastatic lesion to another 
•

Therefore som
e m

etastatic sites only M
IB

G
 + w

hile others only O
ctreo + 

 

D
ue to differences in beta particle energy from

 131I and 90Y 
•

E
bm

ax 2.3 M
eV

 for 90Y 
•

E
bm

ax 0.6 M
ev for 131I 

•
90Y m

ore effective w
ith larger tum

ors (> 1 cm
) 

•
131I m

ore effective w
ith sm

aller tum
ors (< 1 cm

) 

 These initial results support the concept that larger tum
or 

radiation doses can be delivered to at least som
e carcinoid 

tum
ors w

ithout exceeding acceptable dose lim
its for kidneys 

and bone m
arrow

 by com
bining treatm

ent w
ith Y-90 

D
O

TATO
C

 and I-131 M
IBG

 
 C

onclusion 

R
esults from

 C
linic Study 

I-131 
M

IB
G

 

C
ritical  

O
rgan 

(nonm
yeloablative R

x)  

 Y-90 
D

O
TA

T
O

C
 

C
ritical  

O
rgan  

Critical O
rgan 

(m
yeloablative Rx) 

29.8 G
Bq I-131 plus 

10.2 G
Bq Y-90 


