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University of Hawai‘i Cancer Center
Report on High Incidence of Liver and Bile Duct Cancer in Hawai‘i 

Pursuant to Act 265, Session Laws of Hawai‘i 2019, the Hawai‘i State Legislature appropriated
funds to the University of Hawai‘i Cancer Center (UHCC) to determine the etiologies of the high 
incidence of liver and bile duct cancer in Hawai‘i.  This report will contain UHCC’s findings, 
including how the appropriated funds are being spent.

The appropriated funds were released in October 2019.  Funds were allocated to projects to 
conform to the guidelines and intent of the legislation in order to conduct research to determine 
the etiologies of the high incidence of liver and bile duct cancer in Hawai‘i.  The projects are as 
outlined in the table below.  

Liver Cancer Legislative Allocation

Year Project Titles
UHCC Principal 
Investigators

2019 Liver Fluke and Aflatoxin as an etiology for liver and bile 
duct cancer

Yu, Jia

2019 Immunotherapy of liver cancer (IIT) Acoba

2019 Smaller scale projects

1. Oral microbiome and HCC risk
2. Non-alcoholic steatohepatitis (NASH) and 

hepatocellular cancer
3. Identify signature of exosomal miRs transferred from 

TAMs to HCC and mechanism of PDL-1 upregulation 
in HCC by TAM-derived exosomal miRs

4. Pet imaging and liquid biopsy detection of CTNNB1 
exon 3 mutations in HCC

1. Hernandez
2. Kuwada
3. Fabbri
4. Kwee

Results on the various projects are attached to this memorandum.  Multiple projects had very 
significant findings that are being prepared for peer-reviewed publications.  In addition, several 
of the investigators are utilizing the preliminary data generated under this limited one-year 
funding mechanism to support applications for additional research grants through the National 
Institutes of Health.

Major findings include:
No evidence of liver fluke infection in liver cancer patients in , though testing for 
other forms of liver fluke is being considered.
There is aflatoxin B food contamination, especially in raw peanuts in that may 
contribute to liver cancer in the state.
The composition of oral bacterial (microbiota) may contribute to liver and bile duct 
cancer through the disruption of the healthy flora of the mouth inducing insulin 
resistance, aberrant fatty acid metabolism and other metabolic disruption.



Oral bacterial metabolites may induce liver toxins and act independently from other 
known risk factors.
An association between tumorigenic Wnt signaling and PET/CT imaging phenotype has 
been confirmed in liver cancer.
Non-alcoholic fatty liver disease (NAFLD) patients have an over-representation of 
Asians.
Aspirin may be an effective anti-fibrotic agent in NAFLD patients and could be tested as 
a cancer prevention strategy for liver cancer.
An investigator-initiated immunotherapy trial of combination immunotherapy for liver 
cancer patients has been initiated and remains ongoing.  Two patients have experienced 
stable disease for >10 months and one patient had an 85% reduction in the extent of 
tumor.
Micro-RNAs impact PDL1 expression in liver cancer cells in vitro, and the latter is a 
marker of clinical responsiveness to immune therapies.
Fibroblasts in the tumor microenvironment play a role in transmitting micro-RNAs and 
affecting the immune-responsiveness of the cancer milieu.

Results from four of the projects were presented at the University of Hawai‘i Cancer Center 
Scientific Retreat, held in virtual format on October 9, 2020.  These presentations, plus 
summaries from the other two projects, are attached.

A summary composite budget delineating expenditure of funds is also appended to this report.

Randall F. Holcombe, MD, MBA
Director, University of Hawai‘i Cancer Center
October 23, 2020
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Free swimmi1n9 ceroariae 
encyst in the skin or Oesh 
of fresh water fish. e 

f;;) .. 
Miracidia ~ . :,'I Rediae 

Sporocysts Cercariae 

e ~ e C> 
Embryonated eggs 
passed in reoes. :A. 

.A= Infective Stage 

A = Diagnostic Stage 
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C>GIR C>rlgE91'"11E9 C>I ag..A.&.At<> 
Sample IC> A.'Verage Final ~alue Final ~alue Final 

LC>C>C>9 C>.074- NegatiV'e C>.:LC>:2. r,J,egati'Ve C>.:LS7 ""egati'Ve 

LC>C>:LC> C>.C>GB r,Jegati'Ve 0.071 r,Jegati'Ve C>.C>.54- l'Jegati'Ve 

LC>C>:1:1 C>. :130 Negati'Ve C>.:184- Negati'Ve C>.C>S.4- Negati'Ve 

LC>C>:L:2 C>.24-G NegatiV"e C>.302. Negati'V"e 2.129 Negati'V'e 
LC>C>:1..3 -C>.C>C>9 NegatiV'e C>. 04-.3 Negati'V"e -C>.C>C>.S Negatl'V'e 

LC>C>:1.4- C>. 2.:1.7 Negatl""e C>.279 NegatiV'e C>. :L.30 Negatl"e 
LC>C>:L.S 0.39.2. NegatiV'e C>.40.S Negati"e C>.:L.39 Negati'Ve 
LC>C>:LG C>. 12.C> NegatiV'e C>. ::L.SS NegatiV'e C>.2.C>C> NegatiV'e 

LC>C>:1.7 0.:1.82 Negati"Ve 0.:1.82 Negati"Ve C>.:1.59 Negati"Ve 

LC>C>:1.B C>. 37.S NegatlV'e C>.24-S Negatl'Ve :1..77:1. Negati'Ve 

LC>C>:J...9 C>.::LGG Negati'Ve C>.::J...70 Negati'Ve C>.093 Negativ-,e 

LC>C>:ZC> - C>. C>:L.3 Negati'Ve C>.032. Negati'Ve - C>.C>C>.3 Negati'Ve 

LC>C>.2.:1 C>.4-4-:1 Negati'Ve C>.4-27 Negati"e C>.218 Negati"e 
LC>C>2.2. C>.183 Negati"e C>.2.19 Negati"E! C>.183 NE!gati"e 
LC>C>:23 C>.296 Negati"e C>.286 Negati"e C>.276 Negati"e 
LC>C>:24- C>.263 Negatl"e C>.332 Negatl"e C>.14-4- Negatl"e 
LC>C>.25 C>.154- Negatl"e C>.159 Negatl"e 0.1GB Negatl"e 
LC>C>.2.6 C>.2.87 Negati"e C> • .2.31 Negati"e C>.2.04- Ne-gati"e 
LC>C>2.7 C>. 32.B Negati"e C>. 2.29 Ne-gati"e C>.SGC> Ne,gati"e 
LC>C>:ZS C>.033 Negati"e C>.C>B9 Negati"e C>.12.C> Negati"e 
LC>C>:29 C>.182. Negati"E! C>.132. NE!gati"E! 0.384- Negati"e 
LC>C>3C> C>.14-4- Negati"E! C>.14-G Negati"e C>.4-19 Negati"e 
LC>C>31 C> . .217 Negatl"e C>.199 NE!gatl"e C>. 04-G Negatl"e 
LC>C>32 C>.174- Negatl"<e C>.188 Negatl"<e C>.136 Negati"e 
LC>C>.33 C>.173 Negati",e C>.156 Negati"E! C>. 2.01 Negati"E! 
LC>C>.34- C>.4-92. N e,gati"e, C>.4-SG N e,gati"e, C>.SGC> Negati"e, 
LC>C>3.S C>.129 Negati"e C>.011 Negati"e C>.062 Negati"e 
LOC>.36 C>.094- Negati"e C>.12.9 Negati"e C>.073 NE!gati"e 
LC>C>.37 C>.1.S.2. Negatl"e C>.074- Negatl"e- C>.C>.S.2 N e-gati"e-

LV'\/101 C>.256 Negati"e C>. 229 Negati"e C>.093 NE!gatl"e 
LV'\/102 C>. 2.C>C> Negati"e C>.136 Negati"e C>.04-7 Negati"e 
LV'\/103 0.2.37 N e,gati"E! 0.2.36 Negati"e o. 2.20 Negati",e 
LV'\/104- C>. 24-3 Ne-gati"e C>.201 Ne-gati"e C>.271 N e-gati"e-
LV'\/105 0.303 Negatl"e C>.25.S Negatl"e 0.298 Negatl"e 
LV'\/106 0.203 Negati"e C>.012. Negati"e 0 • ..551 Negati"e 
LVV'1C>7 C>. 233 Ne,gati"e C>.166 Ne,gati"e C>.1.SS Ne,gati"e 
LV'\/108 C>.288 Negati"e C>.C>BS Negati"e C>.4-.54- Negati"e 
LV'\/109 CJ. 2.SC> Negati"e C>. 2.12. Negati"e C>.1GC> Negati"e 
LW11C> C>.4-..39 Negati"e C>.171 NE!gati"e 0.28.S Negati"e 
LV'\/111 0.213 Negatl"e C>.16.S Negatl"e C>.807 Negatl"e 
LV'\/112 0.24-G Negatl"e 0.19.S Negatl"e C>. 390 Negatl"e 
LV'\/113 0.217 Negati"e 0.199 Negati"e 1.4-04- Negati"e 
LV'\/114- C>. 2.90 Negati"e C>.061 Negati"E! C>.164- Ne,gati"e, 
LV'\/11.S C>.266 Negati"e C>.222 Negati"e C>.079 Negati"e 
LV'\/116 C>.1..30 Negati"e C>.C>:2.9 Negati"e C>.098 Negati"e 
LV'\/118 0.4-20 Negati"e C>.270 Negati"e 1 . .34-2 Negati"e 
LV'\/119 C>.267 Negatl"e 0.1..59 Negatl"e 0.4-72 Negatl"e 
LV'\/1.2.0 C>. 2.4-4- Negatl"e 0.163 Negatl"e 0.392 Negatl"e 
LV'\/121 C>. 2.02. Negati"e o. 1.53 Negati"e 0.09.S Negati"e 
LV'\/122 C>.138 Negati"e C>.14-S Ne,gati"e C>. 24-.S Negati"e, 
LV'\/123 C>.2.57 Negati"e C>.114- Negati"e C>.4-C>G Negati"e 
LW12.4- C>.34-C> Negati"e 0.2.4-3 Negati"e C>.078 Negati"e 
LW12.S C>.189 Negati"e C>.096 Negati"e C>.2..59 Negati"e 
LW126 0. 324- Negatl"e C>.269 Negatl"e 2..222 Negatl"e 
LV'\/12.7 0.4-4-3 Negatl"e C>.219 Negatl"e 1.930 Negatl"e 

L 1-10001 0.208 Negati"e 0.1.SG Negati"e 1.4-2..S Negati"e 
LI-I 0002 0.4-1.S Negati"e C>.193 Negati"e C>. SSC> Negati"e 
LI-I C>C>C>3 C>.4-67 NE!gati"E! C>.133 N E!gati"E! C>.076 NE!gati"E! 
LI-IC>C>C>4- C>. 370 Negati"e C>.14-9 Negati"e C>.784- Negati"e, 
LI-I C>OC>.S 0 • .377 Negatl"e 0. 2.50 Negati"e C> • .304- Negatl"e 
LI-IC>OOG o. 20.S Negati"e 0.069 Negatl"e C>.259 Negatl"e 
Lt-10007 0 • .2.96 Negati"e o. 2.00 Negati"e 0.182. Negati"e 
LI-I C>C>C>S C>.251 Negati"e C>.07.S Negati"e C>.113 Ne,gati"e 
LI-IC>C>C>9 C>. 383 Negati"e C>.279 Negati"e C> . ..51.S Negati"e 
LI-I 0010 C>.14-G Negati"e 0.1GB Negati"e C>.04-G Negati"e 
LI-IOC>11 C>.22.S Negati"e 0.204- Negati"e O.C>.57 Ne-gati"e 
LI-IOC>12 C>.184- Negatl"e 0.20:L Negatl"e 0.04-B Negatl"e 
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RG Instruments GmbH, Gem1any 
Frauenbergslrarle. 16, D-35039 Marburg 
Phooe: +49 {0}642 1-1700 O. Fax: + 4Q (0)642·1-170050 
Website: www.drgsd'"Jagnostics.c!e 
E-mail: d,g@drg-<iiaaooslics.de 

Distributed by; 

DRG International, Inc., USA 
841 Mountain Alie ., Springfield, NJ 07001 
P'hooe: (973) 564-7555, Fax (ij73) 664-7556 
Website: www,cfrg-imem ::rtional.com 
E-mail: corp@drg-mlem.ational.com 

AccuDiagn1 

F as<'iolll lgG 
ELISA Kit 

Cat# 8119-35 

ORIGENE 

Product Information 

Fascio/a hepatica lgG ELI SA Kit 
Catalog Number: EA 101104 
storage Temperature: 2 - 8°C 

oocoo1'ed wa1Er <'<g.lalirut ill end!!l.:ic ..-..s.. tbe ;pre•~ cf . 
radnc•i 1• ~i!l!.t 6tim>tes U!J)Qrt dw.l ·•• mll!I}" a; 1.4 .lllilllloo : 
worldm:lie...J 

TEST PRINCIPLE 

The micro re;i wells are cooi:l!d witb FmrioJa aotngm. D-uring U!P- j 

fue diluted patients· m•. illl)' antibodies m,.t are reacti,,. 111ru, the . 
1b:! ,coa.rad! ll"~. Ait-:r wash..:m,g to rt?.II:11i1e the p_;t Ill ill!.:: !ii1 

Conjugate is adll<>i ff OD!lbodi;s; lln,a be£!!J. bolll!.d ID CM wells. lbe 
will men binll to tbe;e illllibodies. .-'\fl& aaod!er seci.o..s of ...., 
('fl:rtDw~ m71dini=- nr TMFO ;,mt ~ ~hr,:mu.:i "1 \1ffi'I~ nPm'\.;,n 

OriGene Technologies, Inc. 

9620 Medical Center Dr., Suite 200, Rockville, MD 20S50 
Phone: 1.868.267.4436 Fax: 301-340-9254 

Email: techsupport@origene.com Web: www.origene.com 

Instruction for Use 
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8di Bdllton .• reviScd In Flbi.mry, lOIS 

AF (Total Alb.toxin) F.LISA Kit 
Ca1alog No: MBS2556985 

96T 

This manual must be read attentively and complete])' before wing mis product. 

lf you have any problems, please CQQtact ourTe~b.rrieal ~.rvicie Center for ltl: . 

[INTENDED USE] 

wine, soy sauce, vinegar. 

Aflatoxin Bl ELISA 

Assay Kit 
(For Research Use Only) 

Instructions 

Competitive enzyme immunoassay fo.r the 

quantitative detection of Aflatoxin B1 

Catalog number: BTAFEK-001 
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UHCC Liver Cancer Initiative Report: 

Oral microbiome and hepatocellular carcinoma risk (PI B. Hernandez, Co-I: H. Yu, L. Wong) 

 

The overall objective of our study was to investigate the role of the oral bacterial microbiome in the 

development of liver cancer and to identify novel biomarkers of liver cancer that may inform prevention and early 

detection strategies.  

Bacterial 16S rRNA sequences were evaluated in oral samples from 90 hepatocellular carcinoma (HCC) 

cases and 90 matched controls from the U.S. mainland (R01CA138698, PI Yu). Compared to controls, HCC 

cases showed significantly reduced oral bacterial diversity (Shannon diversity index p-value =0.002) including 

reductions in common commensal species. HCC cases had a significantly higher relative abundance of certain 

taxa including the phyla, Cyanobacteria (p=0.02), and the genus, Aggregatibacter (p-0.002), relative to controls. 

Cyanobacteria are found in all terrestrial and aquatic ecosystems and include a wide range of species producing 

toxins with tumor-promoting properties, including the potent liver toxins—microcystins (MC), nodularins (NOD), 

and cylindrospermopsin (CYN). Aggregatibacter include the periodontal pathogen, A. actinomycetemcomitans, 

which has been positively correlated with visceral fat, fasting plasma insulin, and insulin resistance in patients 

with non-alcoholic fatty liver disease (NAFLD), a common condition that can lead to liver damage and progress 

to cancer.  

We then evaluated the presence of MC/NOD and CYN in serum from 57 HCC patients from Hawaii. 

Mean levels of MC/NOD in HCC patients exceeded international standards for water designated for human use. 

MC/NOD levels significantly varied by etiology with the highest levels in HCC cases of unknown etiology and 

alcohol-associated disease; levels were intermediate in metabolic/NAFLD-associated HCC cases and lowest in 

hepatitis C associated HCC cases (p=0.0082).  Uptake of MC-LR into hepatocytes has been previously shown 

to be reduced in HCV and increased in NAFLD through shared substrates including OATP transporters. 

Moreover, positive interactions of MC-LR and alcohol exposure have been shown.  

We next compared tumor gene expression and cyanotoxin levels in a subset of 16 HCC cases. 

Expression of 770 genes were evaluated using the Nanostring nCounter platform. Serum levels of MC/NOD and 



2 
 

CYN were significantly correlated with tumor expression of three host genes functioning in fatty acid metabolism, 

CD36 (cluster of differentiation 36), FABP4 (fatty acid binding protein 4), and LPL (lipoprotein lipase). Fatty acid 

metabolism is a key source of energy and anabolism in cancer development as transformed cells switch to 

aerobic glycolysis. 

Our study results provide evidence that oral bacteria may contribute to liver cancer through the disruption 

of the healthy flora of the mouth characterized by reduced levels of commensal bacteria and growth of both 

exogenous and resident pathogenic bacteria including toxin-producing species and species inducing insulin 

resistance, aberrant fatty acid metabolism, and other metabolic disruption. Bacteria and bacterial metabolites, 

including liver toxins, may act independently or with known risk factors to influence liver cancer risk.  

 

 

 

 



PE
T 

im
ag

in
g 

an
d 

liq
ui

d 
bi

op
sy

 d
et

ec
tio

n 
of

 C
TN

N
B1

 e
xo

n 
3 

m
ut

at
io

ns
 in

 H
CC

-A
 P

ilo
t S

tu
dy

-

Sa
nd

i K
w

ee
, M

aa
rit

 T
iir

ik
ai

ne
n,

 K
ar

ol
in

a 
Pe

pl
ow

sk
a,

 C
hr

is
 F

ar
ra

r, 
Li

nd
a 

W
on

g 
O

ct
ob

er
 9

, 2
02

0 
U

H
CC

 S
ci

en
tif

ic
 R

et
re

at



Ba
ck

gr
ou

nd

•
Im

m
un

e 
ch

ec
kp

oi
nt

 in
hi

bi
to

rs
 F

DA
 a

pp
ro

ve
d 

fo
r h

ep
at

oc
el

lu
la

r 
ca

rc
in

om
a 

(H
CC

)
•

O
bj

ec
tiv

e 
re

sp
on

se
 o

cc
ur

s i
n 

m
in

or
ity

 o
f p

at
ie

nt
s

•
20

%
 e

xp
er

ie
nc

e 
ob

je
ct

iv
e 

re
sp

on
se

 to
 a

nt
i-P

D1
 u

se
d 

as
 s

ec
on

d-
lin

e 
(2

01
7,

 2
01

8)
•

36
%

 e
xp

er
ie

nc
e 

ob
je

ct
iv

e 
re

sp
on

se
 to

 a
nt

i-P
D-

L1
+b

ev
ac

iz
um

ab
 u

se
d 

as
 fi

rs
t-

lin
e 

(2
02

0)

•
Bi

om
ar

ke
rs

 th
at

 c
an

 p
re

di
ct

 re
sp

on
se

 to
 IC

I t
he

ra
py

 in
 o

th
er

 c
an

ce
rs

•
Tu

m
or

 P
D

-L
1 

Ex
pr

es
sio

n
•

Tu
m

or
 M

ut
at

io
n 

Bu
rd

en
•

M
ic

ro
sa

te
lli

te
 In

st
ab

ili
ty

-H
ig

h



Ba
ck

gr
ou

nd

•
Im

m
un

e 
ch

ec
kp

oi
nt

 in
hi

bi
to

rs
 F

DA
 a

pp
ro

ve
d 

fo
r h

ep
at

oc
el

lu
la

r 
ca

rc
in

om
a 

(H
CC

)
•

O
bj

ec
tiv

e 
re

sp
on

se
 o

cc
ur

s i
n 

m
in

or
ity

 o
f p

at
ie

nt
s

•
20

%
 e

xp
er

ie
nc

e 
ob

je
ct

iv
e 

re
sp

on
se

 to
 a

nt
i-P

D1
 u

se
d 

as
 s

ec
on

d-
lin

e 
(2

01
7,

 2
01

8)
•

36
%

 e
xp

er
ie

nc
e 

ob
je

ct
iv

e 
re

sp
on

se
 to

 a
nt

i-P
D-

L1
+b

ev
ac

iz
um

ab
 u

se
d 

as
 fi

rs
t-

lin
e 

(2
02

0)

•
Bi

om
ar

ke
rs

 th
at

 c
an

 p
re

di
ct

 re
sp

on
se

 to
 IC

I t
he

ra
py

 in
 o

th
er

 c
an

ce
rs

•
Tu

m
or

 P
D

-L
1 

Ex
pr

es
sio

n
•

Tu
m

or
 M

ut
at

io
n 

Bu
rd

en
•

M
ic

ro
sa

te
lli

te
 In

st
ab

ili
ty

-H
ig

h



Ba
ck

gr
ou

nd
•

Bi
om

ar
ke

rs
 th

at
 c

an
 p

re
di

ct
 c

lin
ic

al
 re

sp
on

se
 to

 im
m

un
e-

ch
ec

kp
oi

nt
 in

hi
bi

to
rs

 in
 o

th
er

 c
an

ce
rs

 
do

n’
t s

ee
m

 to
 w

or
k 

fo
r H

CC
.

•
G

EM
M

 m
od

el
s o

f i
n-

si
tu

 m
el

an
om

a 
an

d 
HC

C 
re

ve
al

 a
 n

ov
el

 m
ec

ha
ni

sm
 o

f i
m

m
un

e 
av

oi
da

nc
e 

m
ed

ia
te

d 
by

 W
nt

/b
et

a-
ca

te
ni

n 
si

gn
al

in
g.

•
Be

ta
-c

at
en

in
 is

 a
 tr

an
sc

rip
tio

n 
co

-a
ct

iv
at

or
 th

at
 b

in
ds

 n
uc

le
ar

 T
-c

el
l f

ac
to

r/
ly

m
ph

oi
d 

en
ha

nc
in

g 
fa

ct
or

 
(T

CF
/L

EF
) t

o 
in

iti
at

e 
m

ul
tip

le
 c

el
lu

la
r p

ro
gr

am
s i

nc
lu

di
ng

 im
m

un
e 

pr
og

ra
m

m
in

g.

•
Th

is
 re

su
lts

 in
 a

lte
re

d 
cy

to
ki

ne
 si

gn
al

in
g 

w
ith

 d
im

in
is

he
d 

re
cr

ui
tm

en
t o

f d
en

dr
iti

c 
an

tig
en

 p
re

se
nt

in
g 

ce
lls

 a
nd

 
T-

ce
lls

 to
 th

e 
tu

m
or

 m
ic

ro
en

vi
ro

nm
en

t.

•
Th

is
 in

 tu
rn

 li
m

its
 th

e 
ef

fe
ct

iv
en

es
s o

f i
m

m
un

e-
ch

ec
kp

oi
nt

 in
hi

bi
tio

n.

•
Ab

er
ra

nt
 b

et
a-

ca
te

ni
n 

ac
tiv

at
io

n 
pr

es
en

t i
n 

up
 to

 2
/3

 o
f H

CC
s.

•
CT

N
N

B1
 e

xo
n 

3 
m

ut
at

io
ns

 (p
re

se
nt

 in
 3

0-
40

%
 o

f H
CC

s)
 a

re
 th

e 
m

os
t c

om
m

on
 c

au
se

.



Sp
ec

ifi
c 

Ai
m

s

1.
Pe

rf
or

m
 ta

rg
et

ed
 n

ex
t-

ge
ne

ra
tio

n 
DN

A 
se

qu
en

ci
ng

 o
f p

re
vi

ou
sl

y 
co

lle
ct

ed
 s

ur
gi

ca
lly

-r
es

ec
te

d 
he

pa
to

ce
llu

la
r c

ar
ci

no
m

a 
(H

CC
) 

sa
m

pl
es

 to
 p

ro
fil

e 
m

ut
at

io
ns

 a
ss

oc
ia

te
d 

w
ith

 W
nt

/b
et

a-
ca

te
ni

n 
ac

tiv
at

io
n.

2.
Co

nd
uc

t t
ar

ge
te

d 
se

qu
en

ci
ng

 o
n 

ce
ll-

fr
ee

 D
N

A 
(c

fD
N

A)
 fr

om
 p

at
ie

nt
 

bl
oo

d 
sa

m
pl

es
 (i

e.
 li

qu
id

 b
x)

 c
or

re
sp

on
di

ng
 to

 th
e 

tu
m

or
 s

am
pl

es
3.

Ex
pl

or
e 

th
e 

as
so

ci
at

io
ns

 w
ith

 b
io

m
ar

ke
rs

 (i
nc

lu
di

ng
 P

ET
 im

ag
in

g)
 

th
at

 h
av

e 
al

re
ad

y 
be

en
 a

pp
lie

d 
to

 o
ur

 s
am

pl
es

.

G
oa

l: 
As

se
ss

 th
e 

fe
as

ib
ili

ty
 o

f n
on

-in
va

si
ve

ly
 m

ea
su

rin
g 

be
ta

-c
at

en
in

 a
ct

iv
at

io
n 

in
 

H
CC

 a
s 

a 
po

te
nt

ia
l p

re
di

ct
iv

e 
bi

om
ar

ke
r f

or
 H

CC
 im

m
un

ot
he

ra
py

. 



Pr
io

r D
at

a

F
ig

u
re

1
:

Tu
m

o
r

F
C

H
u

p
ta

ke
c

o
rr

es
p

o
n

d
s

w
it

h
im

m
u

n
o

th
e

ra
p

y-
re

le
va

n
t

e
x

p
re

s
si

o
n

p
ro

fi
le

s
.

G
e

ne
se

t
en

ric
h

m
e

n
t

p
lo

ts
a

re
ba

se
d

on
41

tu
m

o
r

sa
m

pl
e

s
(3

1
F

C
H

-a
vi

d
,

10
F

C
H

no
n

-a
vi

d
):

A
)

T
um

o
rs

sh
o

w
in

g
h

ig
h

F
C

H
m

e
ta

b
o

lis
m

w
e

re
si

gn
ifi

ca
n

tly
e

n
ri

ch
e

d
fo

r
ge

ne
s

fr
o

m
a

C
T

N
N

B
1

ac
tiv

a
tio

n
si

gn
a

tu
re

(F
D

R
0

.0
6

2
).

B
)

A
si

gn
a

tu
re

of
T

-c
e

ll
in

fla
m

m
a

tio
n

th
a

t
ca

n
p

re
d

ic
t

im
m

un
o

th
e

ra
p

y
re

sp
on

se
in

se
ve

ra
ld

iff
e

re
n

t
tu

m
o

r
ty

p
e

s
w

a
s

en
ric

h
ed

b
y

tu
m

o
rs

th
a

ts
h

o
w

e
d

lo
w

F
C

H
m

e
ta

b
ol

is
m

(F
D

R
0

.1
1

6
).

Kw
ee

 e
t a

l. 
Ca

nc
er

 R
es

ea
rc

h,
 2

01
9.



Ac
tiv

iti
es

 P
er

fo
rm

ed
•

D
ep

ar
af

fin
iza

tio
n,

 la
se

r c
ap

tu
re

 m
ic

ro
di

ss
ec

tio
n 

of
 F

FP
E 

se
ct

io
ns

•
Ch

ris
tin

e 
Fa

rr
ar

 
•

Th
an

ks
 a

ls
o 

to
 O

w
en

 C
ha

ng
 a

nd
 th

e 
PS

R 
Te

am

•
D

N
A 

ex
tr

ac
tio

n,
 d

ua
l r

ep
lic

an
t t

ar
ge

te
d 

se
qu

en
ci

ng
 u

si
ng

 A
cc

el
-

Am
pl

ic
on

 5
6G

 C
an

ce
r P

an
el

 v
2 

(S
w

ift
) (

44
 c

fD
N

A,
 8

 F
FP

E,
 4

 fr
es

h 
fr

oz
en

)
•

M
aa

rit
Ti

iri
ka

in
en

an
d 

Ka
ro

lin
a 

Pe
pl

ow
sk

a

•
Va

ria
nt

 C
al

lin
g 

us
in

g 
ER

AS
E-

Se
q 

al
go

rit
hm

 o
n 

re
pl

ic
at

ed
 sa

m
pl

es
•

Pe
pl

ow
sk

a
vi

a 
Cl

ou
d-

ba
se

d 
D

at
a 

An
al

ys
is 

Pi
pe

lin
e 

(F
lu

xi
on

)



W
nt

/b
et

a-
ca

te
ni

n 
pa

th
w

ay
 m

ut
at

io
ns

 o
f 

in
te

re
st

*



H
ig

hl
ig

ht
ed

 R
es

ul
ts

 
T

he
 p

ic
tu

re
 c

an
't 

be
 d

is
p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.

T
he

 p
ic

tu
re

 c
an

't 
be

 d
is

p
la

ye
d.



Su
m

m
ar

y

•
D

em
on

st
ra

te
d 

fe
as

ib
ili

ty
 o

f a
n 

in
-h

ou
se

 li
qu

id
 b

io
ps

y 
ap

pr
oa

ch
 

em
pl

oy
in

g 
ta

rg
et

ed
 c

fD
N

A
se

qu
en

ci
ng

 to
 p

ro
fil

e 
m

ut
at

io
ns

 o
f 5

6 
on

co
lo

gy
 re

la
te

d 
ge

ne
s.

 
•

M
ut

at
io

ns
 d

et
ec

te
d 

in
 c

fD
N

A
co

rr
ob

or
at

ed
 w

ith
 tu

m
or

 D
N

A.
•

Pr
el

im
in

ar
y 

af
fir

m
s 

an
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
W

nt
/b

et
a-

ca
te

ni
n 

ac
tiv

at
in

g 
m

ut
at

io
ns

 a
nd

 a
 P

ET
/C

T 
im

ag
in

g 
ph

en
ot

yp
e 

th
at

 w
e 

pr
ev

io
us

ly
 fo

un
d 

as
so

ci
at

ed
 w

ith
 b

et
a-

ca
te

ni
n 

ac
tiv

at
io

n 
in

 H
CC

.



O
ut

co
m

es

•
N

IH
 R

01
 G

ra
nt

 A
pp

lic
at

io
n

•
PA

R 
19

-3
63

:In
te

gr
at

io
n 

of
 Im

ag
in

g 
an

d 
Fl

ui
d-

Ba
se

d 
Tu

m
or

 M
on

ito
rin

g 
in

 
Ca

nc
er

 T
he

ra
py

 (R
01

 C
lin

ic
al

 T
ria

l)

•
W

or
ki

ng
 o

n 
co

nc
ep

t/
pr

ot
oc

ol
 fo

r r
ev

ie
w

 b
y 

Fo
un

da
tio

n 
M

ed
ic

in
e 

St
ud

y 
Co

m
m

itt
ee

•
Fo

un
da

tio
n 

O
ne

 C
D

x
Li

qu
id

 B
io

ps
y 

(3
09

 g
en

es
, F

DA
 A

pp
ro

ve
d 

Au
gu

st
 2

02
0)



Ac
kn

ow
le

dg
em

en
t

•
H

aw
ai

i L
eg

is
la

tiv
e 

Ac
t 2

65
19

 H
B6

54
H

D
1

SD
1

CD
1

 



S
co

tt
 K

u
w

a
d

a,
 M

D

P
ro

fe
ss

o
r 

of
 M

ed
ic

in
e

 &
 C

hi
e

f 
o

f 
G

a
st

ro
en

te
ro

lo
gy

, 
JA

B
S

O
M

C
lin

ic
al

 M
e

m
b

e
r,

 U
H

C
C



H
e

p
a

to
ce

llu
la

r 
C

a
rc

in
o

m
a

 (
H

e
pa

to
m

a
)

4t
h

le
a

d
in

g
 c

a
us

e
 o

f c
a

nc
er

 d
e

at
h

s 
in

 U
S

5
-y

e
ar

 s
ur

vi
va

l i
n

 U
S

 =
 1

0
%

In
ci

de
n

ce
 o

f 
liv

e
r 

ca
n

ce
r 

in
 th

e
 U

.S
. 

is
 s

e
co

n
d 

hi
gh

e
st

 in
 H

aw
a

ii 

a
nd

 is
 h

ig
h

es
t i

n 
N

a
tiv

e 
H

a
w

a
iia

n
s 

H
a

w
a

ii 
T

um
or

 R
e

gi
st

ry
 (

U
ni

ve
rs

ity
 o

f H
a

w
a

ii 
C

an
ce

r 
C

en
te

r)
, H

a
w

a
i'i

 C
an

ce
r 

at
 a

 

G
la

n
ce

 (
2

00
9-

2
01

3
).

 2
01

7
. 

>
9

0%
 o

f c
a

se
s 

o
cc

ur
 in

 p
a

tie
n

ts
 w

ith
 c

ir
rh

o
si

s 
(s

e
ve

re
 li

ve
r 

sc
ar

rin
g

)



L
iv

er
 C

a
nc

er
C

hr
on

ic
 li

ve
r 

in
fla

m
m

at
io

n 

(h
e

pa
tit

is
) 

fib
ro

si
s 

ci
rr

h
o

si
s 

h
ep

a
to

ce
llu

la
r 

ca
rc

in
o

m
a

N
o

n-
al

co
ho

lic
 f

at
ty

 li
ve

r 
di

se
as

e



N
A

F
L

D
 (

n
o

n
-a

lc
o

h
ol

ic
 f

a
tt

y 
liv

er
 

d
is

ea
se

) 
in

 H
a

w
a

ii

P
re

va
le

nc
e 

of
 n

on
-a

lc
oh

ol
ic

 f
at

ty
 li

ve
r 

di
se

as
e

 (
N

A
F

LD
-

>
5%

 li
ve

r 
fa

t 
in

 th
e 

ab
se

n
ce

 o
f h

ig
h

 a
lc

oh
o

l i
nt

ak
e)

:
La

tin
os

 (
5

6%
 in

 m
en

, 4
7

%
 in

 w
om

en
)

Ja
p

an
es

e 
A

m
er

ic
an

s 
(3

8%
, 

46
%

)
N

a
tiv

e
 H

a
w

a
iia

ns
 (

35
%

, 4
2

%
)

w
hi

te
s 

(2
3%

, 
21

%
) 

A
fr

ic
an

 A
m

e
ric

an
s 

(2
1%

, 1
8%

)

N
A

F
LD

 is
 a

 m
or

e
 c

o
m

m
on

 c
a

us
e 

of
 c

ir
rh

os
is

 in
 J

ap
an

e
se

 A
m

er
ic

a
ns

 (
32

.3
%

),
N

a
tiv

e
 H

a
w

a
iia

ns
 (

31
.5

%
),

 &
 L

at
in

os
 (

31
.9

%
) 

th
a

n 
w

h
ite

s 
(2

1.
7%

)

Li
m

, 
U

.,
 e

t 
a

l. 
G

as
tr

oe
nt

er
o

lo
gy

, 
20

19
. 

15
6(

4)
: 

p
. 9

66
-9

7
5 

e1
0

. 
S

et
ia

w
a

n
V

W
 e

t a
l.

H
ep

at
ol

og
y.

20
16

;6
4(

(6
))

:1
96

9–
19

77



N
o

n
-a

lc
oh

o
lic

 S
te

a
to

he
pa

tit
is

 (
N

A
S

H
) 

=
 

su
b

se
t 

o
f 

N
A

F
L

D
 w

/ 
liv

er
 in

fla
m

m
at

io
n

R
a

pi
d

ly
 b

e
co

m
in

g
 t

h
e

 le
a

d
in

g
 

ca
u

se
 o

f l
iv

e
r 

tr
a

n
sp

la
n

ta
tio

n
 

a
n

d
 h

ep
at

oc
e

llu
la

r 
ca

rc
in

o
m

a
 

in
 t

he
 U

.S
.

O
cc

ur
s 

in
 3

0
%

 o
f 

N
A

F
L

D
 (

n
o

n
-

a
lc

oh
o

lic
 f

a
tt

y 
liv

e
r 

d
is

e
a

se
)

N
A

F
L

D
 a

ffe
ct

s 
u

p
 to

 9
0 

m
ill

io
n

 A
m

e
ri

ca
n

s

A
p

p
ro

xi
m

a
te

ly
 5

%
 (

1
,5

0
0,

00
0

) 
o

f N
A

S
H

 p
a

tie
n

ts
 p

ro
g

re
ss

 to
 

ci
rr

ho
si

s



G
e

n
et

ic
s 

an
d

 N
A

F
L

D
 &

 N
A

S
H

 -
P

N
P

L
A

3

I1
4

8
M

 v
ar

ia
n

t o
f t

he
 p

al
a

tin
-l

ik
e

 
p

ho
sp

h
o

lip
as

e 
d

om
a

in
-

co
n

ta
in

in
g

 3
 (

P
N

P
L

A
3

) 
g

e
n

e:
  

1
3%

-1
9%

 o
f A

si
an

s,
 c

o
m

p
a

re
d

 
to

 o
nl

y 
4

%
 o

f w
hi

te
s 

a
n

d 
2

%
 o

f 
A

fr
ic

a
n-

A
m

e
ri

ca
n

s

C
o

nf
e

rs
 7

3%
 h

ig
he

r 
h

e
p

at
ic

 
fa

t c
o

n
te

n
t a

n
d 

3-
fo

ld
 

in
cr

ea
se

d
 r

is
k 

o
f s

e
ve

re
 

in
fla

m
m

a
tio

n
 a

n
d

 
fib

ro
si

s

P
at

tis
on

 e
t 

al
. 

H
a

w
a

ii 
J 

H
ea

lth
 S

oc
 W

el
f.

 2
02

0 
Ju

n 
1;

 
79

(6
):

 1
80

–1
8

6



L
iv

er
 I

n
ju

ry
 

A
ct

iv
a

tio
n

 o
f 

H
ep

a
tic

 
S

te
lla

te
 C

e
lls

 
F

ib
ro

si
s



O
u

r 
S

tu
dy

G
o

a
ls

: 
 

Id
e

n
tif

y 
N

A
S

H
 p

a
tie

n
ts

 in
 H

a
w

a
ii 

fo
r 

d
ie

ta
ry

 in
te

rv
e

n
tio

n
 tr

ia
l (

P
2

0
 

S
p

e
ci

fic
 A

im
 #

1
)

C
h

a
ra

ct
e

ri
ze

 N
A

S
H

 in
 o

u
r 

m
u

lti
-

e
th

n
ic

 p
o

p
u

la
tio

n



D
ia

g
n

o
si

s 
&

 T
re

at
m

e
nt

 o
f 

N
A

S
H

 
P

a
tie

n
ts

S
us

pe
ct

ed
 c

as
es

 o
f N

A
S

H
 –

ch
ro

n
ic

 e
le

va
tio

n
 o

f t
ra

ns
am

in
as

e
s 

(A
LT

, A
S

T
) 

in
 th

e
 a

bs
en

ce
 o

f c
hr

on
ic

 h
ea

vy
 e

th
a

no
l u

se
, H

B
V

, 

H
C

V
, a

ut
o

im
m

u
ne

 h
e

p
at

iti
s,

 h
e

re
d

ita
ry

 li
ve

r 
di

se
as

es
 

R
is

k 
st

ra
tif

ic
a

tio
n

 
h

ig
h

 r
is

k 
fo

r 
p

ro
gr

e
ss

io
n

 

1
.

E
va

lu
a

tio
n 

fo
r 

h
ep

a
tic

 f
ib

ro
si

s:
  

liv
e

r 
bi

op
sy

, 
el

as
to

gr
ap

hy

2
.

W
ei

gh
t 

lo
ss

3
.

P
ha

rm
ac

ol
og

ic
al

 R
x:

  
V

ita
m

in
 E

, 
as

pi
rin

, 
in

ve
st

ig
a

tio
na

l d
ru

g
s



U
ltr

a
so

u
nd

 g
u

id
e

d
 li

ve
r 

b
io

p
sy

-
g

ol
d

 
st

a
n

d
ar

d 
fo

r 
liv

e
r 

fib
ro

si
s



E
la

st
og

ra
p

hy
 –

F
ib

ro
sc

a
n®



N
A

S
H

 P
a

tie
nt

 S
el

e
ct

io
n

S
ea

rc
he

d
 Q

ue
e

n’
s 

M
e

di
ca

l C
e

nt
er

 F
ib

ro
sc

a
n

an
d

 L
iv

e
r 

B
io

p
sy

 

d
at

a
ba

se
s 

o
ve

r 
th

e 
p

a
st

 5
 y

rs
fo

r 
N

A
S

H
 c

a
se

s

Id
e

n
tif

ie
d

 1
7

5
 F

ib
ro

sc
a

n
s

a
nd

 7
6 

L
iv

er
 B

io
p

si
e

s 
(5

4
 h

a
d 

b
o

th
)



N
A

S
H

 –
G

e
n

d
er

 &
 A

g
e

11
6

97

57
.1

53
.3

W
O

M
E

N
M

E
N

nu
m

be
r

M
e

a
n 

A
g

e



N
A

S
H

 &
 E

th
ni

ci
ty

 –
A

si
a

n
s 

ar
e 

o
ve

rr
ep

re
se

nt
e

d

A
fr

ic
an

-
A

m
er

ic
a

n
2%

A
si

an
 O

th
er

11
%

C
h

in
e

se
9% F
ili

pi
n

o
19

%

Ja
p

an
es

e
36

%

H
a

w
a

iia
n

10
%

w
hi

te
13

%

7
5

%
 =

 A
si

a
n

U
S

 C
en

su
s 

(2
0

19
)

H
a

w
a

ii-
A

si
a

ns
 =

 5
7.

7%



B
o

dy
 M

as
s 

In
de

x

2
7

2
7

.52
8

2
8

.52
9

2
9

.53
0

3
0

.53
1

w
o

m
e

n
m

en

A
V

E
 B

M
I

p 
=

 0
.0

7

B
M

I 
<

25
 =

 n
m

l
25

-2
9

 =
 

ov
e

rw
ei

g
ht

30
+

 =
 o

be
se

=
 w

ei
gh

t (
kg

) 
/ [

he
ig

ht
 (

m
)]

2



B
o

dy
 M

as
s 

In
de

x 
&

 E
th

n
ic

ity

0510152025303540

A
si

a
n

O
th

er
C

h
in

es
e

F
ili

pi
n

o
Ja

p
an

es
e

H
aw

a
iia

n
W

hi
te

BMI
N

A
F

L
D

A
ve

 B
M

I 
b

y 
E

th
n

ic
ity

W
om

en
M

e
n

B
M

I 
<

25
 =

 n
m

l
25

-2
9 

=
 

ov
e

rw
ei

g
ht

30
+

 =
 o

be
se

c/
w

 W
h

ite
s

n.
s.

 d
iff

er
en

ce
s 

in
 

A
ve

 B
M

I



010203040506070

w
h

ite
A

si
a

n
O

th
er

/N
O

S
C

h
in

es
e

 o
r

T
ai

w
a

ne
se

F
ili

pi
n

o
Ja

p
an

e
se

 o
r

O
ki

na
w

a
n

N
a

tiv
e

H
a

w
a

iia
n

%

F
0

F
1

F
2

F
3

F
4

F
ib

ro
sc

a
n

F
ib

ro
si

s 
S

co
re

 b
y 

E
th

n
ic

ity



A
sp

ir
in

 u
se

 a
n

d
 f

ib
ro

si
s 

sc
o

re
 –

a
ll 

e
th

n
ic

iti
es

0102030405060708090

F
2

F
3

F
4

N
o

 A
sp

iri
n

 +
 A

sp
ir

in

*
*

*
* p

 <
 0

.0
5



A
sp

ir
in

 &
 F

ib
ro

si
s 

S
co

re

0102030405060

F
0

F
1

F
2

F
3

F
4

A
si

a
ns

%
 A

S
A

%
 N

o
 A

S
A

*

*

*
*

*

* 
p<

0.
0

5



C
o

n
cl

us
io

ns

N
A

F
L

D
 p

ts
 r

ef
e

rr
e

d
 fo

r 
F

ib
ro

sc
a

n
&

 li
ve

r 
bi

o
p

si
e

s 
sh

ow
 

o
ve

rr
e

p
re

se
n

ta
tio

n
 o

f A
si

an
s

A
sp

iri
n

 m
a

y 
be

 a
n

 e
ffe

ct
iv

e 
a

nt
i-

fib
ro

tic
 a

g
e

nt
 in

 N
A

S
H

 p
a

tie
n

ts
.

A
nd

 if
 s

o
, c

an
 it

 b
e 

an
 e

ffe
ct

iv
e

 c
he

m
op

re
ve

nt
iv

e
ag

en
t 

fo
r 

he
pa

to
ce

llu
la

r 
ca

rc
in

o
m

a?

Is
 a

sp
ir

in
 e

ffe
ct

iv
e 

in
 p

at
ie

nt
s 

w
ith

 I
14

8
M

 P
N

P
L

A
3?



A
ck

n
ow

le
dg

e
m

en
ts

L
oi

c
L

e 
M

a
rc

ha
n

d

U
n

he
e

L
im

C
a

ro
l B

ou
sh

e
y

B
re

nd
a

 H
e

rn
an

d
ez

K
ev

in
 C

as
se

l

L
in

d
a 

W
on

g

C
T

O
: K
at

e 
B

ry
an

t-
G

re
en

w
oo

d
 

N
a

te
 R

a
m

os

A
ni

ta
 C

he
un

g

O
n

C
o

re
:

R
o

be
rt

 S
ch

ue
tz

H
a

w
a

ii 
P

at
h

o
lo

g
y 

La
b

C
a

se
y 

P
ha

n



05101520253035 % Aspirin Use



E
th

ni
ci

ty

010203040506070 %



Phase II study of TSR-022 in combination with TSR-042 for the treatment of advanced 
hepatocellular carcinoma 

 

PI: Jared Acoba 

 

This is a phase II, single arm study for patients with advanced and incurable hepatoma (cancer of 
the liver). Hawaii has a very high incidence of hepatoma, so novel therapies are incredibly valuable 
to our patients. Immunotherapy in the form of immune checkpoint inhibitors is a recently 
established strategy for treating hepatoma. I developed a protocol that combines two immune
checkpoint inhibitors, an anti-PD-1 antibody (TSR-042) and an anti-TIM-3 antibody (TSR-022), 
with a primary objective of improving the objective response rate. Highlights of the trial so far: 

 Four patients have been enrolled on the trial; one from a neighbor island. 

 No serious treatment-associated side effects have occurred. 

 Two patients have not had growth of their cancer for >10 months. One patient has had over 
85% of his cancer disappear.    
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SUMMARY BUDGET Year 1 Year 2 Year 3 Year4 Years Total All Years 
7/1/19 7/1/19 

5/":l.n/?n b/,;,u/ ""u 
A. Senior/Key Person 158,391 0 0 0 0 158,391 

B. Other Personnel 0 0 0 0 0 0 

c. Equipment 0 0 0 0 0 0 

D. Travel - Domestic Travel 0 0 0 0 0 0 

E. Participant/Trainee Support Costs 0 0 0 0 0 0 

F. Other Direct Costs 

1. Materials and Supplies 33,683 0 0 0 0 33,683 

2. Publication Costs 0 0 0 0 0 0 

3 Consultant Services 0 0 0 0 0 0 

4. ADP/Computer Services (N/A) 

Sa. Subawards/Consortium/Contrac 0 0 0 0 0 0 

Sb. Subawards/Consortium/Contrac 0 0 0 0 0 0 

7. Alterations and Renovations 0 0 0 0 0 0 

8. Other Expenses 122,794 0 0 0 0 122,794 
9. Patient Care Costs 0 0 0 0 0 0 

G. Direct Costs (A thru F) 

1. Total Direct Costs (A thru F) 314,867 0 0 0 0 314,867 




