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To investigate the predictive value of transcatheter intra-
arterial perfusion (TRIP) magnetic resonance (MR) imag-
ing-measured tumor perfusion changes during transarterial
chemoembolization on transplant-free survival (TFS) in pa-
tients with unresectable hepatocellular carcinoma (HCC).

This HIPAA-compliant prospective study was approved by
the institutional review board. Written informed consent
was obtained from all patients. Fifty-one consecutive adult
patients with surgically unresectable single or multifocal
measurable HCC and adequate laboratory parameters who
underwent chemoembolization in a combined MR imaging-
interventional radiology suite between February 2006 and
June 2010 were studied. Tumor perfusion changes during
chemoembolization were measured by using TRIP MR im-
aging with area under the time-signal intensity curve cal-
culation. The end point of the study was TFS. The authors
assessed the correlation between the percentage perfusion
reduction in the tumor during chemoembolization and TFS
by using univariate and multivariate analyses.

Fifty patients (mean age, 61 years; 39 men aged 42-87
years [mean age, 61 years| and 11 women aged 49-83
years [mean age, 62 years|) were eligible for the analysis.
Patients with 35%-85% intraprocedural tumor area un-
der the time-signal intensity curve reduction (n = 32)
showed significantly improved median TFS compared with
patients with an area under the time-signal intensity curve
reduction outside this range (n = 18) (16.6 months [95%
confidence interval: 11.2, 22.0 months]| vs 9.3 months [95%
confidence interval: 6.6, 12.0 months]|, respectively; P = .046;
hazard ratio: 0.46; 95% confidence interval: 0.21, 1.00). The
cumulative TFS rates in the 35%-85% and less than 35%
or more than 85% perfusion reduction groups at 1, 2, and
S years after chemoembolization were 66.4%, 42.2%, and
28.2% versus 33.8%, 16.9%, and 0%, respectively.

The study shows evidence of an association between intra-
procedural tumor perfusion reduction during chemoemboli-
zation and TFS and suggests the utility of TRIP MR imaging—
measured tumor perfusion reduction as an intraprocedural
imaging biomarker during chemoembolization.

©RSNA, 2014
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epatocellular carcinoma (HCC)

is the most common primary he-

patic malignancy and the third
leading cause of cancer-related death
worldwide (1-4). Although thermal
ablation, surgical resection, and ortho-
topic liver transplantation represent cu-
rative treatments for HCC, only 15% of
patients with HCC are candidates for
definitive therapy because of advanced
multifocal intrahepatic disease, poor
hepatic reserve, extrahepatic tumor
spread, and/or scarcity of donor organs
(5,6). Local-regional therapies, includ-
ing transarterial chemoembolization
and yttrium 90 (*Y) radioembolization,
have promising roles in the manage-
ment of HCC (7,8). In two randomized
controlled trials, chemoembolization
demonstrated improvement in survival
in selected patients with intermediate-
stage HCC (9,10).

Radiologic imaging, especially con-
trast material-enhanced computed to-
mography (CT) and magnetic resonance
(MR) imaging, plays an important role
in the diagnosis of HCC and in the as-
sessment of treatment response. Objec-
tive imaging response guidelines, such
as World Health Organization criteria,

Advances in Knowledge

®m After transcatheter intraarterial
perfusion (TRIP) MR imaging-
monitored chemoembolization,
patients with 35%-85% intrapro-
cedural tumor perfusion reduc-
tion had a significant improve-
ment in median transplant-free
survival compared with patients
with perfusion reduction outside
this range (16.6 months [95%
confidence interval: 11.2, 22.0
months]| vs 9.3 months [95%
confidence interval: 6.6, 12.0
months]|, respectively; P = .046).

B The cumulative survival rates in
patients with 35%-85% and less
than 35% or more than 85%
intraprocedural tumor perfusion
reduction at 1, 2, and S years
after chemoembolization were
66.4%, 42.2%, and 28.2% versus
33.8%, 16.9%, and 0%,
respectively.

Response Evaluation Criteria in Solid
Tumors, modified Response Evaluation
Criteria in Solid Tumors, and tumor
necrosis criteria, are methods to as-
sess HCC response after local-regional
therapies (11-13). Potential functional
imaging biomarkers (eg, dynamic con-
trast-enhanced perfusion CT or MR
imaging and diffusion MR imaging) en-
able assessment of vascular and cellular
changes suggestive of early tumor re-
sponse after transarterial local-regional
therapies (16-18). Intraprocedural im-
aging biomarkers predictive of survival
during transarterial local-regional ther-
apies could potentially further enhance
the benefits of these interventions in
patients with unresectable HCC, as in-
traprocedural prognostic factors could
be used to guide the selection of opti-
mal therapeutic end points at the time
of treatment.

Intraprocedural MR imaging allows
assessment of tumor functional status
during transarterial local-regional ther-
apies (19). Transcatheter intraarterial
perfusion (TRIP) MR imaging, which
employs  catheter-directed intraarte-
rial injections of contrast material, can
be applied to monitor tumor perfusion
changes during chemoembolization (20—
23) and to model the biodistribution of
chemoembolic material before delivery
(24,25). Recent clinical studies have
suggested that chemoembolization end
points can affect treatment outcome (26)
and have indicated that intraprocedural
perfusion changes measured with TRIP
MR imaging can help predict tumor ne-
crosis imaging response after chemoem-
bolization (27). In our study, we aimed to
investigate the predictive value of TRIP
MR imaging-measured tumor perfusion
changes during transarterial chemoem-
bolization on transplant-free survival
(TES) in patients with unresectable HCC.

Implication for Patient Care

m TRIP MR imaging-measured
tumor perfusion reduction may
serve as an intraprocedural im-
aging biomarker to guide the se-
lection of optimal therapeutic
end points during
chemoembolization.

Materials and Methods

Patients

This prospective study was approved
by our institutional review board and
compliant with the Health Insurance
Portability and Accountability Act. All
patients provided written informed
consent before study participation. Be-
tween February 2006 and June 2010,
51 consecutive patients with surgically
unresectable HCC who underwent
combined MR imaging- and digital sub-
traction angiography (DSA)-monitored
chemoembolization at our single institu-
tion were prospectively enrolled in this
study. Inclusion criteria included pa-
tient age of at least 18 years, surgically
unresectable HCC, single or multifocal
measurable HCC, Eastern Cooperative
Oncology Group (ECOG) performance
status of 2 or less, Child-Pugh class A
or B liver disease, less than 50% overall
liver tumor burden, total bilirubin level
of less than 4.0 mg/dL, serum creati-
nine level of less than 2.0 mg/dL, inter-
national normalized ratio of 1.5 or less,
platelet count of more than 50000/pL,
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ability to maintain adequate breath
hold (30 seconds), life expectancy of
more than 6 months, and no contrain-
dications to MR imaging. Patients with
portal vein thrombosis were included
if superselective segmental chemoem-
bolization was technically feasible. Di-
agnostic criteria for HCC included per-
cutaneous liver biopsy or characteristic
radiologic evidence of HCC as defined
by using accepted guidelines (28). Sur-
gical unresectability was determined by
consensus at multidisciplinary tumor
board that included an attending trans-
plant surgeon.

Transarterial Chemoembolization

Chemoembolization was monitored in
a combined MR imaging and DSA in-
terventional radiology suite (Miyabi;
Siemens Healthcare, Erlangen, Ger-
many). Chemoembolization procedures
were performed by one Certificate of
Added Qualification-licensed interven-
tional radiologist with more than 10
years of clinical experience (R.A.O.).
Patients were transferred between the
angiography and MR imaging units ac-
cording to an institutional safe transfer
protocol. MR perfusion imaging was
performed before and after chemother-
apy injection. Chemoembolization was
performed under DSA guidance by us-
ing triple chemotherapy mixture (100
mg of cisplatin, 30 mg of mitomycin C,
and 30 mg of doxorubicin) with iodized
oil (Ethiodol; Savage Laboratories, Mel-
ville, NY) and was followed by delivery
of embolic microspheres (Embosphere;
Biosphere Medical, Rockland, Mass),
a frequently used chemoembolization
method in the United States (13,29).
Procedural details of combined MR
imaging— and DSA-monitored chemo-
embolization have been previously de-
scribed (21,22).

Intraprocedural MR Imaging

Intraprocedural MR imaging was per-
formed by using a body array coil with
a 1.5-T clinical MR unit (Magnetom
Espree, Siemens Healthcare). Axial and
coronal T1-weighted spoiled gradient-
echo and T2-weighted turbo spin-echo
images were obtained after each patient
transfer to localize consistent optimal

section positions for serial subsequent
TRIP MR imaging.

Intraprocedural three- or four-di-
mensional TRIP MR imaging was per-
formed in axial orientations with full
spatial coverage of the targeted liver
segments. Three-dimensional TRIP MR
imaging with a dynamic two-dimension-
al saturation-recovery gradient-echo
sequence (21) was performed with the
following parameters: 2.4/1.2/90 (repe-
tition time msec/echo time msec/inver-
sion time msec), 8-mm-thick sections,
and 10-14 sections. Four-dimensional
TRIP MR imaging with a dynamic three-
dimensional gradient-echo sequence
(22,23) was performed with the
following parameters: 4.0/1.7 (repeti-
tion time msec/echo time msec), 5-mm-
thick sections, and 24-28 partitions.
Other common parameters were as fol-
lows: 15° flip angle, 192 X 128 matrix,
380-450-mm field of view, and gener-
alized autocalibrating partially parallel
factor of 2. These imaging parameters
were chosen to provide a relatively lin-
ear relationship between signal intensity
and tissue contrast material concentra-
tion and rapid acquisition of T1-weight-
ed images (19). Five seconds after each
dynamic TRIP MR imaging examination,
a gadopentetate dimeglumine solution
(Magnevist; Berlex, Montville, NJ) was
injected by hand through the catheter
inside the hepatic artery. Ten milliliters
of the 20% gadopentetate dimeglumine
solution was injected at 2 ml./sec for lo-
bar hepatic artery injections, and 5 mL
of 20% gadolinium solution was injected
at 1 mL/sec for segmental hepatic artery
injections. Dynamic images were repeat-
edly acquired for 32-35 seconds with a
2.1-2.5-second sampling rate. Patients
were asked to hold their breath during
first-pass TRIP MR imaging to minimize
respiratory motion.

An identical TRIP MR imaging pro-
tocol with the same contrast material
injection rate was used before and af-
ter chemoembolization in each patient
for consistency.

MR Imaging Perfusion Data Analysis

TRIP MR images were exported to
a Siemens workstation for perfu-
sion analysis. The investigator who

Summary of Baseline Patient

Characteristics
Characteristic No. of Patients

Sex

M 39 (78)

F 11 (22)
Etiology

Alcohol 6(12)

Hepatitis B virus 4(8)

Hepatitis C virus 25 (50)

Other 15 (30)
Baseline AFP level

<200 ng/mL 33 (66)

=200 ng/mL 17 (34)
Child-Pugh class

A 30 (60)

B 20 (40)
ECOG performance status

0 18 (36)

1 30 (60)

2 2(4)
Okuda stage

1 21 (42)

2 28 (56)

3 1(2)
AJCC stage

1 18 (36)

2 18 (36)

3 13 (26)

4 1(2)
CLIP score

0 9(18)

1 17 (34)

2 18 (36)

3 3(6)

4 3(6)
UNOS stage

T1/T2 29 (58)

T3/T4a/TAb/N/M 21 (42)
Tumor distribution

Single 21 (42)

Multifocal 29 (58)
Portal vein thrombosis 4(8)

Note.—Numbers in parentheses are percentages. The
median patient age was 58 years (range, 42—87 years),
and the median size of the largest lesion was 3.8 cm
(range, 1.4-16.3 cm). AFP = «-fetoprotein, AJCC =
American Joint Committee on Cancer.

performed perfusion analysis
blinded to survival outcomes. Image
analysis was performed by a certi-
fied radiologist or biomedical en-
gineers with more than 5 years of

was
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Clinical and Laboratory Toxicities

Parameter No. of Patients

Clinical toxicities

Fatigue 16 (32)
Anorexia 11(22)
Abdominal pain 10 (20)
Nausea and vomiting 7(14)
Diarrhea 5(10)
Ascites 5(10)
Muscle weakness 3(6)
Fever 2(4)
Dyspnea 24
Headache 12
Biochemical toxicities
(grade 3-4)*
AST 10 (20)
Bilirubin 9(18)
Albumin 5(10)
ALT 4(8)
Alkaline phosphatase 12

Note.—Numbers in parentheses are percentages.

* ALT = alanine aminotransferase, AST = aspartate
aminotransferase.

experience in MR imaging (R.C.G.,
D.W., and A.C.L.). On the basis of
intraprocedural anatomic images and
previous diagnostic findings, we se-
lected TRIP MR imaging section po-
sitions at the center of each tumor.
An entire tumor region of interest
within this central section was drawn
by consensus of two observers under
the guidance of the attending inter-
ventional radiologist who performed
all chemoembolization procedures in
this study. The average time-signal
intensity curves of the regions of in-
terest for the TRIP MR image series
were generated. We then determined
the optimal postinjection interval by
accessing each prechemoembolization
TRIP MR imaging series and perform-
ing area under the time-signal inten-
sity curve semiquantitative perfusion
measurements (21,27). The signal in-
tegration interval was chosen to start
at the initiation of signal enhancement
and end just beyond peak signal en-
hancement. To maintain consistency,
identical time intervals were used for
pre- and postchemoembolization TRIP

Exploratory Analyses for TFS

Paired Group and Amount of Perfusion

Reduction No. of Deaths Median TFS (mo)* PValue'
Overall (n = 50) 27 13.2 (5.7, 20.6)
Group 1 .563
0%-50% (n = 21) 12 10.6 (3.1, 30.1)
>50% (n=29) 15 16.6 (6.2,14.9)

Group 2 .347
5%-55% (n = 25) 14 10.6 (8.6, 12.5)
<5% or >55% (n = 25) 13 18.9 (11.1,26.7)

Group 3 404
10%—60% (n = 30) 15 10.6 (8.6, 12.5)
<10% or >60% (n = 20) 12 18.9 (11.0, 26.9)

Group 4 .669
15%—65% (n = 32) 17 13.2(5.3,21.0)
<15% or >65% (n=18) 10 14.4 (0.6, 28.3)

Group 5 .266
20%—70% (n = 33) 16 16.6 (6.3, 26.9)
<20% or >70% (n=17) 1 9.9(0.2,19.6)

Group 6 .230
25%—75% (n = 34) 16 16.6 (6.3, 26.9)
<25% or >75% (n=16) 11 9.3(0.0,19.1)

Group 7 .095
30%-80% (n=32) 14 16.6 (9.0, 24.2)
<30% or >80% (n=18) 13 10.6 (6.6, 14.5)

Group 8 .046%
35%-85% (n=32) 14 16.6 (11.2,22.0)
<35% or >85% (n=18) 13 9.3(6.6,12.0)

Group 9 .362
40%—90% (n = 31) 14 14.4 (8.0, 20.9)
<40% or >90% (n=19) 13 10.6 (0.1,21.0)

Group 10 174
45%-95% (n = 29) 13 16.6 (3.3, 29.9)
<45% or >95% (n=21) 14 10.6 (8.4,12.7)

Note.—Data were obtained with Kaplan-Meier analysis.
* Numbers in parentheses are 95% confidence intervals.
T Determined with the log-rank test.

* Statistically significant difference in median TFS between patient groups.

MR imaging when calculating the area
under the time-signal intensity curve.
The change in tumor perfusion after
chemoembolization was calculated as
the percentage reduction from pre-
procedural values. For multiple tumors
treated within the same chemoembo-
lization session, size-weighted average
percentage perfusion reduction—de-
fined as X(tumor area X percentage
perfusion reduction)/2(tumor area),
where 3 represents the sum over all
treated tumors—was calculated.

Outcome Measures and Statistical
Analysis

After  chemoembolization, patients
were followed up clinically for toxicities
and adverse events, which were graded
according to the National Cancer In-
stitute’s Common Terminology Cri-
teria for Adverse Events, version 4.0.
Toxicities were recorded at any time
during follow-up but were censored
to curative treatment (transplanta-
tion). Toxicity was recorded only if the
grade increased from baseline. Disease

590
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Figure 1:

Images in 65-year-old man with focal HCC (arrowhead). (a) Postcontrast arterial phase T1-

weighted MR image shows 2.2-cm tumor. (b) Segmental chemoembolization of hypervascular mass was
subsequently performed. (c) Pre- and (d) postchemoembolization TRIP MR images demonstrate marked
tumor perfusion reduction, which was calculated to be 69%. Clinical follow-up revealed 22.7-month TFS.

response was monitored with contrast-
enhanced cross-sectional imaging (CT
or MR imaging) 1 month after chemo-
embolization and then at 3-month in-
tervals thereafter.

The end point of this study was
TFS, which was defined as the survival
time from study enrollment censored
at liver transplantation. Patients un-
derwent liver transplantation within
the usual guidelines of the United Net-
work for Organ Sharing (UNOS), in-
cluding HCC within Milan criteria (30)
with stratification for organ allocation
based on calculated Model for End

Stage Liver Disease score with tumor
exception points; tumor downstaging
was allowed. Not all patients were
listed for liver transplantation, as
some were beyond UNOS transplant
criteria. All survival analyses were
calculated from the date of combined
DSA- and MR imaging-monitored che-
moembolization session that provided
successful measurement of intrapro-
cedural tumor perfusion changes. The
survival status was determined by the
U.S. Social Security Death Index da-
tabase. Study follow-up was closed on
December 31, 2012.

Exploratory analyses were initially
performed to identify how intrapro-
cedural tumor perfusion reduction
affects TFS. For these analyses, we
performed multiple paired
analyses after categorizing patients
into two groups on the basis of per-
centage perfusion reduction. Catego-
rization was performed by using 5%
incremental change in the area under
the time-signal intensity curve reduc-
tion, as follows: 0%-50%, 5%-55%,
10%-60%, 15%-65%, 20%-70%,
25%-75%, 30%-80%, 35%-85%,
409%-90%, and 45%-95%. Ten pair
groups were formed. The median TFS
for each paired group was calculated
and compared by using the Kaplan-
Meier method with the log-rank test.
We identified the classification that
generated a statistically significant dif-
ference in median TFS between pair
groups. This identified categorization
method was subsequently applied for
further analysis.

The cumulative survival rates for
the identified perfusion reduction
classification groups were calculated
by using the Kaplan-Meier method.
Comparison of the pretreatment pa-
tient demographic and disease charac-
teristics between the two groups was
performed with the t test for continu-
ous variables and the Fisher exact test
or X test for categoric variables. The
rate of orthotopic liver transplantation
after chemoembolization between the
two groups was also compared.

Univariate and multivariate
analyses were conducted to identify
factors associated with TFS. Univar-
iate analysis was performed by using
the Kaplan-Meier method with the
log-rank test to compare survival.
Multivariate analysis was performed
by using the stepwise forward Cox
proportional hazards regression. Haz-
ard ratios were calculated by using
univariate and multivariate Cox pro-
portional hazards models. Only vari-
ables that demonstrated significance
in the wunivariate analysis entered
the multivariate model. Patient age,
sex, tumor distribution, tumor size,
Child-Pugh class, baseline serum a-
fetoprotein level, ECOG performance

survival
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Figure 2

C.

Figure 2: Images in 54-year-old man with nodular HCC (arrowheads). (a) Postcontrast arterial phase

T1-weighted MR image depicts 2.4-cm enhancing mass. (b) Chemoembolization of tumor was consequently
performed. (c) Pre- and (d) postchemoembolization TRIP MR images display limited tumor perfusion reduc-
tion, which was calculated to be 31%. Clinical follow-up demonstrated 5.9-month TFS.

status, Okuda stage, American Joint
Committee on Cancer stage, Cancer of
the Liver Italian Program (CLIP) score,
UNOS stage, and intraprocedural area
under the time-signal intensity curve
reduction were included as indepen-
dent variables for analysis. Child-
Pugh class and baseline a-fetoprotein
level would not enter the multivariate
analysis if the CLIP score was selected
into the multivariate model, as these
metrics are captured within the CLIP

score. Tumor distribution and size
would not be included in multivariate
analysis if the American Joint Com-
mittee on Cancer stage entered mul-
tivariate analysis, because they were
covered by means of American Joint
Committee on Cancer staging. Statisti-
cal analyses were performed with soft-
ware (version 17; SPSS, Chicago IlI).
All P values were two sided, and P <
.05 was considered indicative of a sta-
tistically significant difference.

Patient Cohort

Of the 51 patients who were recruited
for combined MR imaging- and DSA-
monitored chemoembolization, 50 were
eligible for the present analysis. The
one patient excluded from analysis did
not undergo postprocedural TRIP MR
imaging after chemoembolization owing
to catheter kinking, which precluded
the ability to inject contrast agent.
Baseline patient demographics of the
50 patients are summarized in Table 1.
Of the 50 patients, 39 (78%) were men.
The median patient age was 58 years
(range, 42-87 years).

Perfusion Reduction and
Chemoembolization Outcomes

Mean pre- and postchemoembolization
areas under the time-signal intensity
curve were 300 and 150 arbitrary units,
respectively. The mean reduction in tu-
mor perfusion induced by chemoembo-
lization was 50.0% (range, 0%-96.6%).
The 25th, 50th, and 75th percentiles
of intraprocedural perfusion percent-
age reduction were 31.5%, 51.1%, and
68.1%, respectively.

Postchemoembolization clinical and
laboratory toxicities are listed in Table 2.
The most common findings after treat-
ment included fatigue (16 of S0 patients,
32%), anorexia (11 of 50 patients, 22%),
and abdominal pain (10 of 50 patients,
20%). Grade 3-4 bilirubin toxicity was
noted in nine of the 50 patients (18%).
Fifteen of the 50 patients underwent re-
peat transarterial chemoembolization for
treatment of residual tumor in the same
or contralateral liver lobe, recurrent tu-
mor at a previously treated site, or newly
developed tumor.

Exploratory Analyses for TFS

At the time of analysis, 27 of the 50 pa-
tients had died. The median TFS was
13.2 months (95% confidence interval:
5.7, 20.6 months). The proportions of
survival at 1, 2, and 5 years after che-
moembolization were 53.4%, 32.0%,
and 16%, respectively. Table 3 shows the
median TFS in different pair groups clas-
sified according to intraprocedural area
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Patient Characteristics according to Perfusion Reduction Group

Table 4

35%-85% <35% or >85%
Characteristic Reduction (n= 32)* Reduction (n=18)* PValue

Sex 4591
M 26 (81) 13 (72)
E 6(19) 5(28)

Age (v) 237t
<65 17 (53) 13 (72)
=65 15 (47) 5(28)

Etiology >.99
Hepatitis C virus 16 (50) 9 (50)
Other 16 (50) 9 (50)

Baseline AFP level .584
<200 ng/mL 22 (69) 11 (61)
=200 ng/mL 10 (31) 7(39)

Baseline bilirubin level (mg/dL) 918
Median 1.48 1.51
95% Cl 1.20-1.76 1.08-1.93

Baseline albumin level (g/dL) .894
Median 3.02 3.04
95% Cl 2.84,3.20 2.77,3.30

Baseline ALT level (IU/L) .932
Median 71.16 72.33
95% Cl 54.39, 87.93 49.42,95.25

Baseline AST level (IU/L) .881
Median 87.28 89.67
95% Cl 69.45,105.12 59.18,120.16

Baseline alkaline phosphatase 734

level (IU/L)

Median 156.09 150.56
95% Cl 136.96, 175.23 121.48,179.63

Child-Pugh class .630
A 20 (62) 10 (56)
B 12(38) 8 (44)

ECOG performance status .768
0 12 (38) 6(33)
>0 20 (62) 12 (67)

Okuda stage .738
1 14 (44) 7(39)
>1 18 (56) 11 (61)

AJCC stage .768
1 12 (38) 6 (33)
>1 20 (62) 12 (67)

CLIP score .832
<2 17 (53) 9 (50)
=2 15 (47) 9 (50)

UNOS stage 145
T1/T2 21 (66) 8 (44)
T3/T4a/TAb/N/M 11 (34) 10 (56)

Tumor distribution 738
Unifocal 14 (44) 7(39)
Multifocal 18 (56) 11 (61)

Table 4 (continues)

under the time-signal intensity curve re-
duction. From paired groups 6-9, there
indicates a trend that intermediate to
upper level percentage tumor perfusion
reduction yields better median TFS than
very small (eg, <25%) or very large (eg,
>90%) perfusion reduction. The 35%-
85% classification (paired group 8) gen-
erated a statistically significant difference
in median TFS between patient groups (P
= .046) (Table 3).

Association between Intraprocedural
Tumor Perfusion Reduction and TFS

The difference in median TFS between
patient groups classified according to
35%-85% perfusion reduction was sta-
tistically significant (P = .046). For the
32 patients with 35%-85% perfusion
reduction during chemoembolization,
the median survival was 16.6 months
(95% confidence interval: 11.2, 22.0
months) (Fig 1), and the survival rates
at 1, 2, and 5 years after chemoemboli-
zation were 66.4%, 42.2%, and 28.2%,
respectively. In comparison, for the
remaining 18 patients, the median sur-
vival was 9.3 months (95% confidence
interval: 6.6, 12.0 months) (Fig 2), and
the survival rates at 1, 2, and 5 years
after chemoembolization were 33.8%,
16.9%, and 0%, respectively. Further-
more, there were no significant differ-
ences between the two groups with re-
gard to baseline patient characteristics
(Table 4), and there was no statistically
significant difference in the rate of re-
peat chemoembolization in the 35%-
85% perfusion reduction group (11 of
32 patients) versus the less than 35%
and more than 85% perfusion reduction
group (four of 15 patients) (P = .523).
Of note, further subset analysis of the
less than 35% and more than 85% per-
fusion reduction categories into individ-
ual groups was limited by small sample
sizes (11 patients in the <35% group
and seven in the >85% group).

Univariate and Multivariate Analyses

Table 5 presents the results of univar-
iate and multivariate analyses. Uni-
variate analysis indicated that tumor
distribution (solitary vs multifocal,
P = .057), CLIP score (<2 vs =2, P
= .001), Child-Pugh class (A vs B, P
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Patient Characteristics according to Perfusion Reduction Group

35%-85% <35% or >85%
Characteristic Reduction (n = 32)* Reduction (7= 18)* PValue
Size of largest lesion .585
=3cm 15 (47) 7 (39)
>3cm 17 (53) 11 (61)
Received OLT .352
Yes 15 (46.9) 6 (33)
No 17 (53.1) 12 (67)

Note.—AFP = «-fetoprotein, AJCC = American Joint Committee on Cancer, ALT = alanine aminotransferase, AST = aspartate
aminotransferase, Cl = confidence interval, OLT = orthotopic liver transplantation.

* Except where indicated, data are numbers of patients, with percentages in parentheses.

t Determined with the Fisher exact test.

= .002), and intraprocedural tumor
area under the time-signal intensity
curve reduction (35%-85% vs <35%
or >85%, P = .046) had significant
effects on TFS. CLIP score was con-
firmed to be a significant prognostic
factor for mortality at multivariate
analysis (hazard ratio: 0.27; 95%
confidence interval: 0.10, 0.76; P =
.013). Figure 3 illustrates the sur-
vival distribution function by intra-
procedural tumor perfusion reduction
(35%-85% vs <35% or >85%).

The promising roles established by
transarterial local-regional therapies in
the management of HCC oblige stan-
dardization in the procedural method
and demand evidence of clinical benefit
(31). To serve as effective biomarkers
of response after therapy, conven-
tional anatomic and newer functional
imaging should correlate with clinical
outcome (31). Meanwhile, imaging bio-
markers applied during imaging-guided
local-regional therapies could be used
to target end points associated with
improved treatment outcomes. In our
study, we sought to understand the
relationship between intraprocedural
perfusion reduction during chemoem-
bolization and TFS and to determine
the utility of intraprocedural MR imag-
ing-measured tumor perfusion reduc-
tion as an imaging biomarker for TFS
in patients with unresectable HCC after
chemoembolization.

We found that patient groups classi-
fied according to 35%-85% intraproce-
dural tumor area under the time-signal
intensity curve reduction criteria dem-
onstrated a substantial difference in
median TFS after chemoembolization.
The TFS rate at 5 years after chemoem-
bolization of patients with 35%-85%
reduction was strikingly higher than
that of patients with less than 35% or
more than 85% reduction (28.2% vs
0%, respectively). These findings con-
cur with recent data indicating that
intermediate to upper level reduction
in tumor perfusion during chemoem-
bolization improves tumor necrosis im-
aging response (27). In our study co-
hort, intraprocedural tumor perfusion
reduction with 35%-85% classification
showed a significant univariate associa-
tion with TFS.

Potential explanations as to why
35%-85% tumor perfusion reduction
during lobar or segmental chemoem-
bolization improved TFS over other
reduction levels lie in the mechanism
of action of this therapy and its con-
sequences on treated tissue. Chemo-
embolization delivers a combination of
chemotherapy and embolic materials by
means of hepatic arterial infusion. The
purposes of embolization are to (a) re-
duce blood supply to tumors, thereby
inducing regional tissue ischemia and
tumor necrosis, and (b) retain chemo-
therapy at increased local concentra-
tions (32,33). On this basis, underem-
bolization with less than 35% perfusion
reduction may result in insufficient

ischemic effect and poor chemotherapy
retention, which undermine the intend-
ed efficacy of chemoembolization. Con-
versely, excessive ischemic effect may
theoretically lead to unwanted localized
hypoxia and secondary induction of in-
tratumoral vascular endothelial growth
factor overexpression (34,35). Vascular
endothelial growth factor drives cancer
angiogenesis and endothelial cell prolif-
eration and appears to affect the prog-
nosis of patients with HCC (36). In this
manner, overembolization during che-
moembolization with more than 85%
elimination of forward arterial blood
flow may lead to tumor recurrence and
treatment failure. Thus, a 35%-85%
perfusion reduction may achieve appro-
priate degrees of tumor devasculariza-
tion and chemotherapy retention (32)
while subduing potential complications
caused by overembolization, such as
hypoxia-driven angiogenesis,
arterial occlusion, and accelerated
liver failure (37,38). These advantages
may translate into survival benefit. It
should be noted that the subjective
angiographic chemoembolization end
point rating scale has been shown to
correlate with objectively measured
intraprocedural perfusion reductions
obtained with TRIP MR imaging during
chemoembolization and may be used to
avoid an excessive ischemic effect dur-
ing tumor transarterial embolotherapy
procedures (39), particularly given the
fact that intraprocedural TRIP MR im-
aging adds procedure time and cost and
is limited because most interventional
radiologists do not have access to a
combined MR imaging-interventional
radiology suite. Future correlation of
intraprocedural TRIP MR imaging pa-
rameters with C-arm CT measurements
may also expand utility of quantitative
intraprocedural tumor perfusion moni-
toring to more interventional radiology
operators.

Although our data confirmed differ-
ent survival outcomes on the basis of
hepatic functional reserve as measured
with Child-Pugh score (P = .002), we
found no significant TFS difference be-
tween patients with an ECOG perfor-
mance status of O or greater than O (P =
.687) and those with a baseline serum

tumor
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Table 5

Prognostic Factors Associated with TFS

Univariate Analysis Multivariate Analysis
Factor Hazard Ratio ~ 95% Cl PValue  Hazard Ratio  95% Cl PValue
Perfusion reduction .046* .622
35%—85% 0.46 0.21,1.00 0.80 0.33,1.94
<35% or >85% 1 1
CLIP score <.001* .013*
<2 0.24 0.10,0.55 0.27 0.10,0.76
=2 1 1
Tumor distribution .057* .934
Solitary 0.44 0.18,1.05 0.956 0.33,2.80
Multifocal 1 1
Child-Pugh class .002*
A 0.26 0.11,0.64
B 1
Age A1
<65y 1
=65y 0.526 0.24,1.17
Sex 311
M 1
F 0.58 0.19,1.70
Maximum size .502
=3.0cm 0.76 0.34,1.71
>3.0cm 1
Baseline AFP level 182
<200 ng/mL 0.59 0.27,1.29
=200 ng/mL 1
ECOG performance status .687
0 0.84 0.35,2.00
>0 1
Okuda stage 109
1 0.53 0.24,1.17
>0 1
AJCC stage .260
<2 0.59 0.24,1.49
=2 1
UNOS stage .343
T1/T2 0.68 0.30,1.53
T3/T4a/TAb/N/M 1

Note.—AFP = a-fetoprotein, AICC = American Joint Committee on Cancer, Cl = confidence interval.

* Statistically significant.

a-fetoprotein level of less than 200 ng/
dL and at least 200 ng/dL (P = .182)—
factors known to be associated with
survival. This may be due to the limited
sample size. In comparison, we were
able to identify tumor perfusion reduc-
tion by using 35%-85% classification
during chemoembolization as a prom-
ising prognosticator for TFS in univar-
iate analysis (P = .046) by using the
same study cohort. This suggests that

intraprocedural area under the time-
signal intensity curve reduction may be
relatively more statistically powerful in
predicting survival.

Our results advocate the use of TRIP
MR imaging-measured tumor perfusion
reduction as an intraprocedural imag-
ing biomarker for survival. This may
facilitate further standardization of the
chemoembolization technique on the
basis of measurable intraprocedural

functional end points. As our data sug-
gest, the variation in perfusion reduc-
tion during chemoembolization can
greatly impact its efficacy. Optimization
of intraprocedural perfusion reduction
end points of chemoembolization may
be necessary. In addition, although our
results are derived from iodized oil che-
moembolization, the findings herein
might be applicable to other transar-
terial therapies associated with isch-
emia-driven hypoxia, including bland
embolization, chemoembolization with
drug-eluting beads, and perhaps Y
radioembolization.

Our study had several limitations.
First, our semiquantitative TRIP MR
imaging technique provided only rel-
ative changes rather than absolute
measurements in tumor perfusion af-
ter chemoembolization. Future studies
should investigate the relationship be-
tween absolute tumor perfusion values
and clinical outcomes by using quan-
titative TRIP MR imaging approaches
(23,40). Second, an optimal, more
refined intraprocedural perfusion re-
duction interval that is narrower than
the proposed 35%-85% range remains
undetermined. A larger sample size
will be required to define such optimal
perfusion reduction. Third, the study
sample was somewhat heterogeneous
in tumor and liver disease characteris-
tics, and the angiographic end points of
chemoembolization, which ranged from
substasis to stasis at the discretion of
the attending interventional radiology
operator, may be viewed as arbitrary.
Fourth, our study includes patients who
underwent lobar or segmental chemo-
embolization for primary liver cancer,
and the results may therefore not nec-
essarily be extrapolated to superselec-
tive chemoembolization performed via
a direct tumor feeding artery or second-
ary liver tumors. Fifth, the lack of data
about local tumor progression or me-
tastasis and cause of death in relation
to perfusion reduction level limits the
capacity to conclusively define the path-
ophysiologic mechanisms that underlie
the worse survival outcomes in patients
with perfusion reduction levels of less
than 35% or more than 85%. Finally,
reproducibility data about quantitative
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Figure 3:  Graph shows TFS of HCC patients with 35%—85% and less than 35% or more than 85% tumor

perfusion reduction during chemoembolization.

TRIP MR imaging measurements are
limited despite potential to affect quan-
titative results. However, published
data have confirmed the ability of TRIP
MR imaging to depict progressive tu-
mor perfusion reduction achieved by
means of injection of incremental em-
bolic doses and validate the capability
of this technique to accurately measure
flow reduction and tumor devascular-
ization (19).

In conclusion, intraprocedural tu-
mor perfusion reduction may be as-
sociated with TFS in patients with
unresectable HCC undergoing chemo-
embolization. Chemoembolization pro-
vided improved survival benefit with
35%-85% relative perfusion reduc-
tion. The present results also suggest
that TRIP MR imaging-measured tu-
mor perfusion reduction may serve as
an intraprocedural imaging biomarker
during chemoembolization. Future
studies can help determine whether
the results can be extended to bland
embolization and chemoembolization
with use of drug-eluting beads.
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