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Chemoembolization and other ablative therapies are
routinely utilized in downstaging from United Net-
work for Organ Sharing (UNOS) T3 to T2, thus poten-
tially making patients transplant candidates under the
UNOS model for end-stage liver disease (MELD) up-
grade for hepatocellular carcinoma (HCC). This study
was undertaken to compare the downstaging effi-
cacy of transarterial chemoembolization (TACE) ver-
sus transarterial radioembolization. Eighty-six patients
were treated with either TACE (n = 43) or transarte-
rial radioembolization with Yttrium-90 microspheres
(TARE-Y90; n = 43). Median tumor size was similar
(TACE: 5.7 cm, TARE-Y90: 5.6 cm). Partial response
rates favored TARE-Y90 versus TACE (61% vs. 37%).
Downstaging to UNOS T2 was achieved in 31% of TACE
and 58% of TARE-Y90 patients. Time to progression ac-
cording to UNOS criteria was similar for both groups
(18.2 months for TACE vs. 33.3 months for TARE-Y90,
p = 0.098). Event-free survival was significantly greater
for TARE-Y90 than TACE (17.7 vs. 7.1 months, p =
0.0017). Overall survival favored TARE-Y90 compared
to TACE (censored 35.7/18.7 months; p = 0.18; un-
censored 41.6/19.2 months; p = 0.008). In conclusion,
TARE-Y90 appears to outperform TACE for downstag-
ing HCC from UNOS T3 to T2.
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Introduction

The incidence of hepatocellular carcinoma (HCC) has risen
significantly over the past 30 years, due in part to a rise in
the prevalence of hepatitis C and also to more effective and
earlier detection (1). Although HCC was once considered
a contraindication to liver transplantation due to an initially
disappointing high rate of recurrence (2), a landmark pub-
lication in 1996 demonstrated that appropriately selected
patients with early HCC who underwent liver transplanta-
tion had a recurrence rate less than 10% and a survival
rate similar to patients transplanted without HCC (3). Hav-
ing now been corroborated by other studies, these Mi-
lan criteria remain the benchmark employed by the United
Network for Organ Sharing (UNOS) for providing a priority
status upgrade for patients with HCC who are otherwise
candidates for liver transplantation (4). These criteria are as-
sociated with the best long-term survival rates in patients
undergoing liver transplantation for unresectable HCC. A
significant number of patients with more advanced stage
of disease at diagnosis are not considered ideal candidates
for transplantation; therefore, several downstaging strate-
gies have been developed since conceptually the stage at
transplant may determine the posttransplant outcome.

There are several advantages to downstaging HCC prior to
or as a bridge to transplantation. First, the ability to suc-
cessfully downstage a patient may impart insight into an
individual’s tumor biology and improve the selection pro-
cess, therefore, potentially translating into superior post-
transplant survival. On the other hand, patients with HCC
who do not respond to downstaging efforts may in fact
be declaring the aggressive biologic behavior of the HCC
they harbor, perhaps indicating that recurrence posttrans-
plantation is likely. Second, and from a more practical per-
spective, patients with HCC are only conferred the UNOS
priority status upgrade if they meet the Milan (T2) criteria.
Therefore, if a patient can be downstaged from T3 (no con-
ferred listing advantage) to T2, the immediate advantage
is a significant gain in status and therefore much quicker
access to a potentially life-saving organ.
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As selection criteria for transplantation and liver allocation
policies evolve, bridging and downstaging therapies will
likely continue to play an integral role in the waitlist man-
agement of patients with HCC. In the interim, novel thera-
pies that are ablative and embolic continue to be refined in
order to improve the efficacy of downstaging. The most
commonly used downstaging therapies include transar-
terial chemoembolization (TACE) and radiofrequency ab-
lation (RFA) (5–9). TACE in particular has been examined
closely as a downstaging treatment in recent years (10).
While some investigators have cited downstaging rates of
approximately 50%, the criteria for designating a patient
as downstaged have often not been explicit in these re-
ports or have deviated from strict UNOS T2 criteria based
on size (11). Nevertheless, the literature has shown that
progression-free survival following TACE may be indica-
tive of less biologically aggressive tumors and hence could
be used to select patients outside criteria for orthotopic
liver transplantation (OLT) (8,11–13). External beam radia-
tion therapy has been shown to be safe and effective in
peripherally located HCC, although its role in downstaging
has not been studied (14).

Transarterial radioembolization with Yttrium-90 micro-
spheres (TARE-Y90) is being used as primary therapy for
unresectable HCC at several large research centers in the
United States. This report describes the outcome of 86
patients with T3 HCC, 43 of whom were treated with
TACE and 43 of whom were treated with TARE-Y90. At
the time of treatment, neither primary resection nor RFA
were feasible, given the multifocality of disease, location
and/or size of HCC, the presence of cirrhosis, portal hyper-
tension or other comorbidities. The model for end-stage
liver disease (MELD) upgrade on the basis of HCC was
not possible, given the T3 status. Thus, the primary goal
of this study was to compare the rates of downstaging in
T3 patients to T2 status by strict imaging criteria treated
with TACE or Y90. Secondary analyses included response
rates, time-to-progression, event-free, recurrence-free and
overall survival.

Materials and Methods

Between January 1, 2000 and December 31, 2008, 276 patients with unre-
sectable HCC (without portal vein thrombosis or extrahepatic metastases)
were treated at Northwestern University with TACE (n = 150) or TARE-
Y90 (n = 126). Given the interest in downstaging patients to UNOS T2
transplant criteria, a subset analysis of T3 patients was undertaken. Of the
patients treated, 43 (29%) TACE and 43 (34%) TARE-Y90 were stage T3 at
baseline.

Prior to treatment, patients were reviewed at a multidisciplinary HCC confer-
ence that comprised transplant surgery, hepatology, medical oncology and
interventional radiology. A consensus was reached that each patient would
be treated with either TACE or TARE-Y90 as bridge-to-transplantation ther-
apy with the potential for UNOS listing in properly selected downstaged
patients. This study complied with the Institutional Review Board (IRB) re-
quirements of our institution.

Evaluation and staging

Pretreatment assessment consisted of demographics, risk factors, biopsy
results, comorbidities, presence or absence of cirrhosis and portal hyperten-
sion. Diagnostic imaging was performed using magnetic resonance imaging
(MRI) or triphasic computerized tomography (CT). The level of underlying
liver disease was staged according to Child–Turcotte–Pugh, UNOS tumor-
node-metastasis (TNM) and Barcelona Clinic Liver Cancer (BCLC) classifi-
cations. Although some of the patients in this cohort were classified as
Eastern Cooperative Oncology Group (ECOG) >0 at baseline, only those
that exhibited cancer-related symptoms (e.g. pain) were classified as BCLC
C. Otherwise, they were classified as BCLC B. Radiologists performing the
baseline staging were blinded to whether the patients received transplan-
tation in order to minimize staging bias.

TACE treatment

TACE was performed using standard techniques. Patients were admitted
and hydrated prior to treatment. After receiving antibiotics, treatment was
performed using 30-mg mitomycin, 30-mg adriamycin and 100-mg cis-
platinum mixed with lipiodol as the drug carrier. Then, embolization us-
ing permanent occlusive particles was performed. Patients were observed
in-house and managed for postembolization syndrome. Patients were dis-
charged on antibiotics and analgesics.

TARE Yttrium-90 microsphere treatment

TheraSphere R© (MDS Nordion, Ottawa, Canada) consists of insoluble glass
microspheres where Y90 is an integral constituent of the glass (15,16).
The mean sphere diameter ranges from 20 to 30 lm. Y90 is a pure beta
emitter with a 64.1-h physical half-life (17). Dosimetry for this therapy has
been discussed in detail elsewhere (17). All patients underwent pretreat-
ment mesenteric angiography and 99Tc-macroaggregated albumin (MAA)
scanning to minimize the risk of nontarget embolization.

Clinical follow-up and response

All patients were followed clinically for toxicities and adverse events by
following the National Cancer Institute Common Terminology Criteria v3.0.
Toxicities and posttreatment-calculated MELD scores were recorded. These
toxicities were censored once patients were transplanted.

Imaging analysis

Imaging reads were performed by five radiologists (RJL, RKR, KTS, FHM
and RS). All imaging analyses were calculated from the date of first TACE or
TARE-Y90 treatment. After initial imaging follow-up at 1 month, subsequent
scans were performed at 90-day intervals. Response rate was assessed
using World Health Organization (WHO) (50% decrease in cross-sectional
diameter of target lesions from baseline) and European Association for
the Study of the Liver (EASL) criteria (50% necrosis/avascularity in target
lesions from baseline). In contradistinction to other downstaging series,
the entire treated lesions were measured when assessing downstaging
rather than only the enhancing portions of viable tissue (11). This was true
even if there was no enhancing tissue. Since no strict imaging guidelines
for downstaging have been established, this approach was deemed most
conservative. Time to downstaging from T3 to T2 was also calculated.
Downstaging to RFA was defined as a decrease in the maximum tumor
dimension to ≤3 cm. This size was selected given the increased chance of
residual disease after RFA of tumors above 3 cm (18).

Time to progression (TTP) was assessed using WHO criteria (at least 25%
increase in cross-sectional diameter of target lesion from maximum re-
sponse) and UNOS criteria (progression from UNOS T3 to a higher stage).
For EASL, the following modified progression criterion was utilized: if new
enhancement in a previously treated lesion was identified that warranted
further locoregional treatment, EASL progression was recorded (19,20).
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Table 1: Patient baseline/tumor characteristics/stages

TACE Y90
Characteristic N (%) N = 43 N = 43 p-Value

Age (years) Median 65 68 0.17
95% CI (58.9–67.8) (62.8–75)

Ethnic group Caucasian 29 (65) 32 (73) 0.93
Asian 4 (10) 4 (10)
Hispanic 4 (10) 2 (5)
African American 4 (10) 5 (12)
Other 2 (5) 0 (0)

Gender Male 36 (84) 38 (88) 0.76
Female 7 (16) 5 (12)

Etiology Alcohol 10 (23) 9 (20) 0.75
HCV 16 (36) 14 (33)
HCV + alcohol 0 (0) 4 (10)
HBV 6 (14) 2 (5)
Autoimmune hepatitis 2 (5) 1 (2)
NASH 0 (0) 2 (5)
Cryptogenic 5 (12) 8 (18)
Unknown 4 (10) 3 (7)

Pretreatment bilirubin >2 mg/dL Yes 10 (23) 6 (14) 0.4
No 33 (77) 37 (86)

Portal hypertension Present 33 (77) 32 (74) 1.0
Absent 10 (23) 11 (26)

Tumor distribution Solitary 23 (53) 20 (47) 0.66
Multifocal 20 (47) 23 (53)

Child–Pugh A 23 (53) 24 (56) 0.78
B 18 (42) 19 (44)
C 2 (5) 0 (0)

BCLC A 0 (0) 0 (0) 0.41
B 37 (85) 34 (79)
C 4 (10) 9 (21)
D 2 (5) 0 (0)

HCV = hepatitis C virus; HBV = hepatitis B virus; NASH = nonalcoholic steatohepatitis.

Since a patient with two lesions initially staged as T3 would still be clas-
sified as T3 if a new HCC developed, ‘UNOS/new lesion’ category was
created to account for this and was defined as progression according to
UNOS stage or appearance of a new lesion. Overall progression was de-
fined as progression by WHO, EASL, UNOS or UNOS/new lesion.

Eight patients in the TACE cohort did not have follow-up imaging (early post
TACE transplant n = 2, deaths from adverse events n = 3 and lost to follow-
up n = 3). These patients were excluded from the imaging analyses but not
from clinical/laboratory toxicity or survival analyses. All TARE-Y90 patients
had imaging follow-up. Thus, tumor response and downstaging to T2 are
based on 35 TACE and 43 TARE-Y90 patients.

Statistical analyses and survivals

All survival analyses were calculated from the date of first TACE or Y90
treatment. The proportions were compared using the Fisher’s exact test. In-
dependent variables were compared using the Mann–Whitney U-test while
dependent variables were compared using the Wilcoxon test. The times
to response, times to progression and median survivals were calculated
using the Kaplan–Meier and were compared using the log-rank test (21).
Median survival was calculated using both censored and uncensored to cu-
rative therapies (transplant/resection). Event-free survival (EFS) (defined as
progression by WHO, EASL, UNOS stage [including drop-out rate if down-
staged], appearance of new lesion or death censored to transplantation)
was also determined and compared between the cohorts. Median follow-
up time was determined using the reverse Kaplan–Meier estimator.

Results

Patient population

Table 1 summarizes the patient demographics for the en-
tire cohort. The median age of the TARE-Y90 cohort was
68 years (range: 44–88); it was 65 years for TACE (range:
36–89) (p = 0.13). Diagnostic criteria included liver biopsy
or radiographic evidence consistent of HCC as defined by
standard guidelines (22,23).

Treatment and clinical follow-up

Treatment characteristics for all 86 patients are described
in Table 2.

TACE: Patients were treated on an inpatient basis and
were discharged on an average of 3 days (range 1–11) fol-
lowing the procedure. The mean number of treatments per
patient was 2.0 (median: 2). 26 (60%) patients had grade
1/2 bilirubin toxicities and 11 (26%) patients had grade 3/4
bilirubin toxicities. The median pretreatment MELD score
was 9 (95% CI 7–10.7); it was 9 (95% CI 7–11.7) after
treatment. The most common postprocedure morbidity
was postembolization syndrome (nausea, fatigue and low-
grade fever) observed in 60% of patients.
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Table 2: Treatment characteristics

TACE Y90
Characteristic N (%) N = 43 N = 43 p-Value

Mean number of treatments (range) 2.0 (1–5) 1.8 (1–6) –
Median number of treatments (95% CI) 2 (1–2) 1 (1–2) 0.21
Treatment type Lobar 19 (44) 23 (53) 0.52

Selective 24 (56) 20 (46)
Median activity delivered to treatment site

(range) (GBq)
– 1.61 (0.54–2.97) –

Median dose administered to treatment
site (range) (Gy)

– 110.2 (53–284) –

Mean number of days hospitalized (range) 3 (1–11) 0 (-, -) –
Median number of days hospitalized

(95% CI)
2 (1–2) 0 (-, -) <0.001

TARE-Y90: Patients were treated on an outpatient basis
and were discharged on the day of treatment after 2–6
h. The mean number of treatments per patient was 1.8
(median: 1). Twenty-six (60%) patients had grade 1/2 biliru-
bin toxicities while 3 (7%) patients exhibited grade 3/4
bilirubin toxicities. The median pretreatment MELD score
was 8 (95% CI 7–11); it was 9.5 (range: 7–11.6) after treat-
ment. The most common treatment side effects were fa-
tigue and transient nonspecific flu-like symptoms lasting
7–10 days, observed in 60% of patients.

Imaging analysis

Response rate: Table 3 illustrates the tumor response
using WHO and EASL criteria and presents the downstag-
ing rate. For TACE, the median pretreatment index tumor
size was 5.7 cm (95% CI 4.9–9.2 cm, range: 3.2–17.6);
the median posttreatment index tumor size was 4.3 cm
(95% CI 3.5–6.7, range: 1.6–16.6, p < 0.001). For TARE-
Y90, the median pretreatment index tumor size was 5.6 cm
(95% CI 4.9–6.6, range: 3.2–14) and the median posttreat-
ment index tumor size was 3.4 cm (95% CI 2.7–4.2, range:
0.8–12, p < 0.0001). Thirteen (37%) of the TACE patients
and 26 (61%) of the TARE-Y90 showed WHO partial re-
sponse (PR; p = 0.07). The median percentage decrease
in crossproduct was 39% (95% CI 25–57) for the TACE

cohort and 60% (95% CI 45–71) for the TARE-Y90 cohort
(p = 0.016). The median time to WHO PR was 10.9 months
(95% CI: 7.3, -) and 4.2 months (95% CI: 3.3–6.9) in the
TACE and TARE-Y90 cohorts (p = 0.025). EASL complete
response (CR) and PR rates were 6 (17%) and 19 (54%)
in the TACE cohort; EASL CR and PR rates were 20 (47%)
and 17 (39%) in the TARE-Y90 cohort. The median time to
EASL PR was 1.9 months (95% CI 1.4–3.3) and 1.3 months
(95% CI 1.1–2.4) in the TACE and TARE-Y90 cohorts, re-
spectively (p = 0.04). The median time to EASL CR was
not reached in the TACE cohort; it was 6.1 months (95%
CI 4.2, -) in the TARE-Y90 cohort (p = 0.017).

Downstaging: Table 4 shows substratification analyses
of the patients who were downstaged to T2. Success-
ful downstaging to T2 was observed in 11 of 35 (31%)
for TACE and 25 of 43 (58%) for TARE-Y90 (p = 0.023).
The trend favoring TARE-Y90 for downstaging was main-
tained for all lesion sizes. The median time to UNOS
downstaging was not reached in the TACE cohort; it was
3.1 months (95% CI 1.8–8.7) in the TARE-Y90 cohort (p =
0.027). Of the 25 successfully downstaged TARE-Y90 pa-
tients, 15 (60%) had solitary lesions. Eleven (26%) TACE
and 9 (21%) TARE-Y90 patients were transplanted. One

Table 3: Imaging findings (response)

TACE Y90
Characteristic N = 35 N = 43 p-Value

WHO CR 0 (0) 0 (0) 0.12
PR 13 (37) 26 (61)
SD 17 (49) 16 (37)
PD 5 (14) 1 (2)

Median time to WHO PR (95% CI) (months) 10.9 (7.3, -) 4.2 (3.3–6.9) 0.025
EASL CR 6 (17) 20 (47) 0.13

PR 19 (54) 17 (39)
SD 9 (26) 6 (14)
PD 1 (3) 0 (0)

Median time to EASL PR (95% CI) (months) 1.9 (1.4–3.3) 1.3 (1.1–2.4) 0.04
Median time to EASL CR (95% CI) (months) - (-, -) 6.1 (4.2, -) 0.017
UNOS downstaged T3→T2 11 (31) 25 (58) 0.023
Median time to UNOS downstaging (95% CI) (months) - (4.3, -) 3.1 (1.8–8.7) 0.027

CR = complete response; PR = partial response; SD = stable disease; PD = progressive disease.
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Table 4: Downstaged patients stratified according to size/distribution

TACE Y90
Characteristic N = 35 N = 43 p-Value

Downstaged T3→T2 11 (31) 25 (58) 0.023
Median maximum tumor dimension (range) 5.7 (3.2–17.6) 5.6 (3.2–14) 0.35
Maximum tumor dimension <5 cm Total (%) 11 (32) 15 (35) 0.28

Downstaged (%) 5 (45) 10 (67) 0.42
Not downstaged (%) 6 (55) 5 (33)

5–8 cm Total (%) 12 (34) 21 (49) 0.28
Downstaged (%) 6 (50) 13 (62) 0.72
Not downstaged (%) 6 (50) 8 (38)

>8 cm Total (%) 12 (34) 7 (16) 0.28
Downstaged (%) 0 (0) 2 (28) 0.12
Not downstaged (%) 12 (100) 5 (72)

Tumor distribution Solitary Total (%) 21 (60) 20 (47) 0.66
Downstaged (%) 6 (28) 15 (75) 0.005
Not downstaged (%) 15 (72) 5 (25)

Multifocal Total (%) 14 (40) 23 (53) 0.66
Downstaged (%) 5 (36) 10 (44) 0.74
Not downstaged (%) 9 (64) 13 (56)

TACE and one TARE-Y90 patient was bridged/downstaged
to resection. Eight (23%) and 18 (42%) patients had target
lesions downstaged to RFA (< 3 cm) in the TACE and TARE-
Y90 cohorts, respectively. Table 5 shows the percentage
of patients with imaging follow-up with respect to follow-
up time stratified by 3-month intervals. This demonstrates
that both cohorts had near-identical percentage follow-up
stratified by 3-month intervals, minimizing the possibility
of follow-up bias.

Time to progression: Table 6 represents the data on the
imaging TTP analyses using various criteria. Nine (26%)
progressed using the WHO criteria in the TACE cohort;
4 of these patients initially showed WHO PR but went
on to progress. Four (9%) of the patients treated with
TARE-Y90 showed WHO PD; three of them were seen
to have shown WHO response initially. The median time
to WHO PD (analysis at the lesional level) was found to be
19.6 months (95% CI 12.4, -) for TACE; it was 48.6 months
(95% CI 30.8, -) for TARE-Y90 (p = 0.008). The 1-year
progression rate according to EASL criteria was 40% for
TACE; it was 8% for TARE-Y90 cohort (p = 0.01). The me-
dian time to UNOS progression was 18.2 months (95% CI
17.3–19.6) for TACE; it was 33.3 months (95% CI 15.3, -)
for TARE-Y90 (p = 0.098). The median time to UNOS/new
lesion progression was 17.3 months (95% CI 7–22.6) for

TACE; it was 32.6 months (95% CI 13.8–33.3) for TARE-Y90
(p = 0.096). The median time to overall progression was
12.8 months (95% CI 7.9–19.6) for TACE; it was 33.3
months (95% CI 17.8–33.8) for TARE-Y90 (p = 0.005).

Follow-up/survival

Table 7 summarizes the follow-up and survivals for the two
cohorts. The median follow-up was 51.9 months for TACE;
it was 34.1 months for TARE-Y90 (p = 0.008). The median
EFS was 7.1 months (95% CI 6–10.6) for TACE; it was
17.7 months (95% CI 10.8–33.3) for TARE-Y90 (p =
0.0017). Two out of 11 of the TACE patients have recurred
following OLT with a 1-year RFS of 73%; 2 out of the
9 TARE-Y90 patients have recurred following OLT with a
1-year RFS of 89%.

For TACE patients, overall survival censored to radical ther-
apies (transplantation/resection) at 1, 2 and 3 years were
73%, 28% and 19%, respectively (median: 18.7 months);
it was 77%, 59% and 45% for TARE-Y90 (median:
35.7 months) (p = 0.18). For TACE, overall survival without
censoring to radical therapies (transplantation/resection)
at 1, 2 and 3 years were 75%, 42% and 19% (median:
19.2 months); it was 81%, 69% and 59% for TARE-Y90
(median: 41.6 months) (p = 0.008).

Table 5: Imaging follow-up by 3-month intervals

Treatment <3 months 3.1–6 months 6.1–9 months >9 months

TACE Total (% with follow-up imaging) 35 (100) 261 (74) 191 (54) 121 (34)
Number downstaged2 (%) 8 (23) 10 (38) 7 (37) 2 (17)

Y90 Total (% with follow-up imaging) 43 (100) 301 (70) 231 (53) 161 (37)
Number downstaged2 (%) 18 (42) 15 (50) 13 (57) 5 (31)

1Explanted and deceased patients become excluded from this time-dependent analysis.
2Only patients who remained downstaged (did not have UNOS progression) in a time period were considered as downstaged.
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Table 6: Imaging findings–progression analyses

TACE Y90
Characteristic N = 35 N = 43 p-Value

WHO PD 9 (26) 4 (9) 0.07
1-year progression rate (%) 25 11 0.008
Median time to WHO PD (95% CI) (months) 19.6 (12.4, -) 48.6 (30.8, -)
EASL PD 7 (20) 3 (7) 0.10
1-year progression rate (%) 40 8 0.01
Median time to EASL PD (95% CI) (months) 19.6 (11.6, -) - (25.9, -)
UNOS Progressed 11 (31) 10 (23) 0.45
1-year progression rate (%) 28 19 0.098
Median time to UNOS progression (95% CI)

(months)
18.2 (17.3–19.6) 33.3 (15.3, -)

UNOS/new lesion Progressed 12 (34) 12 (28) 0.63
1-year progression rate (%) 36 22 0.096
Median time to UNOS/new lesion progression

(95% CI) (months)
17.3 (7–22.6) 32.6 (13.8–33.3)

Overall progression Progressed 11 (31) 7 (16) 0.45
1-year progression rate (%) 32 15 0.005
Median time to overall progression (95% CI)

(months)
12.8 (7.9–19.6) 33.3 (17.8–33.8)

PD = progressive disease.

Discussion

Although OLT is a potentially curative treatment for HCC,
most patients present at an advanced stage beyond
transplant criteria. Thus, the ability to effectively down-
stage patients confers a definite advantage with respect
to access to transplantation (24). Radiation therapies,
such as stereotactic body or fractionated external beam,
hold promise in the management of HCC. The devel-
opment of enhanced radiation delivery techniques have
resulted in higher doses to tumor with relative spar-
ing of normal liver parenchyma (25). However, there are
currently no data on the role of these techniques in
downstaging. More recently, the role of transarterial ra-
diation with Yttrium-90 for downstaging has been investi-
gated (26). In this manuscript, we present a cohort com-
parison of 86 T3 patients treated with either TACE or
TARE-Y90.

Both TACE and TARE-Y90 resulted in a statistically signif-
icant reduction in tumor size from baseline. More impor-
tant, TARE-Y90 resulted in a significantly increased per-
centage of patients who were successfully downstaged
compared with TACE. Although there was not a significant
difference in the TTP by UNOS stage (i.e. T3 downstaged
and then progressed, or T3 and progression), TARE-Y90
was superior in TTP measured by other parameters (such
as WHO and EASL). These parameters specifically focus
on the response to the target lesion as opposed to the
natural history of UNOS staging (i.e. new lesions or in-
crease in size of untreated lesions). Our study used strict
size criteria to assess downstaging; varying criteria have
been employed by earlier studies, thus making the com-
parison of downstaging rate difficult. The downstaging rate
of 58% in TARE-Y90 patients in our series replicates the
55% in a separate cohort of T3 patients reported out of
our institution (26). Other reports regarding downstaging

Table 7: Follow-up/survivals

Survivals for all patients (N = 86)

Characteristic TACE N = 43 Y90 N = 43 p-Value

Median follow-up (95% CI) (months) 51.9 (32.2–65.2) 34.1 (15.7–39.8) 0.008
Median survival (censored) (95% CI) (months) 18.7 (13–23.6) 35.7 (17.3–41.6) 0.18
Median survival (uncensored) (95% CI) (months) 19.2 (14.7–26.5) 41.6 (29.6, -) 0.008
Event-free survival (95% CI) (months) 7.1 (6–10.6) 17.7 (10.8–33.3) 0.0017

Recurrence data for transplanted patients (N = 20)

Characteristic TACE N = 11 Y90 N = 9 p-Value

Recurrence 2 (18) 2 (22) –
Downstaged 6 (55) 9 (100) –
1-year RFS rate (%) 73 89 0.18
Median RFS (95% CI) (months) 22.7 (6.8, -) - ( 17, -)

American Journal of Transplantation 2009; 9: 1920–1928 1925



Lewandowski et al.

following TARE-Y90 treatment have been minimal to date.
A recent publication reports a downstaging rate of 17% in
TARE-Y90 patients, but this represents downstaging rates
for patients at various stages. In addition, important base-
line tumor characteristics, such as size, are not reported,
making direct comparisons difficult (27).

Given that TTP may be a surrogate for survival benefit
(28), the fact that TTP in TARE-Y90 patients was signifi-
cantly higher than in TACE patients may also warrant that
these findings be validated in a larger cohort. Furthermore,
given the additional potential advantages of TARE-Y90 over
TACE, including lower postembolization syndrome (29), no
hospitalization and higher response rates, the use of TARE-
Y90 may be an attractive option when attempting to down-
stage to transplantation, RFA or resection.

It is also of consequence that the efficacy of bridge ther-
apy has yet to be determined with TACE (30). However,
TACE continues to be the intraarterial treatment of choice
in bridging T2 patients to transplant since it represents
the standard of care in treating HCC (31,32). Given that
our results indicate that TARE-Y90 provides patients with
a higher TTP (by WHO and EASL criteria for the treated
lesion), an important future analysis will involve a prospec-
tive comparison of TTP in T2 patients that are bridged to
transplantation via TARE-Y90 versus those treated with an-
other modality. Such an analysis may yield greater insight
as to which therapy, if any, can maintain patients within T2
criteria for a significantly longer period of time, especially
given that transplant wait times are continuing to increase
(24).

It is important to note that median time to downstaging
was within 6 months for both groups. Although time to
downstaging has not been routinely reported, the practical
value of this metric is clear when attempting to estimate
how long it may take to potentially downstage to T2 and
hence upgrade a patient’s priority status. While it appears
that downstaging from T3 to T2 generally occurs relatively
soon after initial treatment (<6 months), this does not nec-
essarily translate into equivalent periods that patients re-
main downstaged, as these differed in the two groups.
TARE-Y90 was more advantageous in this regard. Certainly,
one factor that cannot be ignored is the possibility of ran-
dom selection bias, with more favorable tumor biology in
the TARE-Y90 cohort. The ability to be maintained within
T2 criteria is likely the result of interplay between the effec-
tiveness of therapy and inherent biological behavior. How-
ever, the ability to downstage a patient was superior for
TARE-Y90 at all follow-up times, and both cohorts had ma-
ture imaging follow-up time (Table 5). Of interest, both the
TACE and TARE-Y90 groups appeared to decline in down-
staging rate starting at 9 months, suggesting a potential
timeline for the natural history of HCC progression.

It is important to note that there have been contradicting
reports related to survival rates in patients undergoing liver-

directed therapy (LDT) prior to liver transplantation (27).
One group has noted a survival benefit in patients who re-
spond to TACE prior to transplant (12). More recent results
report no difference in survival of bridged patients with LDT
when compared to T2 patients transplanted without under-
going bridging therapy (27). In contrast, findings from the
Scientific Registry of Transplant Recipient database sug-
gest that patients receiving ablative therapies prior to OLT
had longer graft and overall 3-year survival when compared
with those who did not (33). Taken together, these reports
would suggest that efficacious downstaging to T2 may
prove effective with respect to improving posttransplant
recurrence rates.

The inferior 3-year posttransplant survival despite similar
recurrence rates in the TACE group in the uncensored anal-
ysis will require additional investigation. It is possible to
speculate that patients with HCC progression in the con-
text of LDT associated with lower efficacy (TACE) may have
been offered organs of inferior quality given the loss of
MELD upgrade (>T2). Alternatively, a perceived sense of
urgency by the transplant surgeons due to tumor progres-
sion may have precipitated the use of a marginal organ.
This could impart an effect on graft and patient survival
posttransplant while not allowing adequate time for HCC
recurrence. This may have been a factor in our TACE sur-
vivals, where four of the early deaths following OLT were
within 18 months.

This study is subject to a number of limitations. The anal-
ysis is based on individuals treated at a single institution.
This is a nonrandomized cohort comparison. Also, this is
inherently an imaging analysis since: (a) we did not specif-
ically assess whether a patient was a transplant candi-
date by all other pretransplant evaluation parameters; for
instance, an 80-year old patient who had T3 HCC but was
not a transplant candidate based on age would have been
included in our analysis and (b) there was certainly a se-
lection bias since there was a tendency to treat more de-
bilitated (and elderly) patients with TARE-Y90 given the
better tolerability of the therapy. This may also account
for the lower percentage of transplants in the TARE-Y90
group despite the higher rate of downstaging. There is
also variability in measuring lesions following treatment
for UNOS listing; conservatively, this was mitigated by cap-
turing the entire lesion rather than only enhancing tissue.
There is also the possibility of ‘imaging follow-up time’
bias. That is, patients treated recently with one therapy
may not show downstaging compared to the other if they
have longer imaging follow-up. This was not the case in this
86-patient cohort, as Table 5 demonstrates near-identical
maturity of imaging follow-up between TACE and TARE-
Y90 when stratified by 3-month intervals. There were also
a higher percentage of patients with large tumors (>8 cm)
as the index in TACE compared with TARE-Y90 (34% vs.
16%). The downstaging rate was therefore disadvantaged
for TACE. Finally, these limitations highlight the need for
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prospective, longitudinal studies that compare these two
embolic modalities in T3 patients.

Conclusion

This cohort was analyzed from a radiographic perspective
in response to two mechanistically different intraarterial
embolic therapies and their respective ability to success-
fully downstage a patient to UNOS T2 by strict crite-
ria. Moreover, the study examines the ability of patients
treated with either therapy to remain within this stage
(taking into account not only the targeted lesion(s) but also
growth of untreated lesions and/or development of new
lesions). While downstaging to T2 is generally accepted
as an important endpoint in the transplant arena, its value
as a prognostic factor in a nontransplantable cohort, while
intuitively favorable, is not as well recognized. Although
not all the patients were definitive transplant candidates,
this analysis shows a superior ability to downstage with
radiation therapy. These findings will require validation in a
larger cohort. More important, this study may help eluci-
date the effectiveness of downstaging HCC with respect
to posttransplant outcomes.

Conflict of Interest Statement

RS is an advisor to MDS Nordion.

References

1. El-Serag HB. Hepatocellular carcinoma and hepatitis C in the
United States. Hepatology (Baltimore, MD) 2002; 36(5 Suppl 1):
S74–S83.

2. Detry O, De Roover A, Delwaide J, Meurisse M, Honore P. Ab-
solute and relative contraindications to liver transplantation. A per-
petually moving frontier. Acta Gastroenterol Belg 2002; 65: 133–
134.

3. Mazzaferro V, Regalia E, Doci R et al. Liver transplantation for
the treatment of small hepatocellular carcinomas in patients with
cirrhosis. N Engl J Med 1996; 334: 693–699.

4. Sharma P, Balan V, Hernandez JL et al. Liver transplantation for
hepatocellular carcinoma: The MELD impact. Liver Transpl 2004;
10: 36–41.

5. Gunji T, Kawauchi N, Akahane M, Watanabe K, Kanamori
H, Ohnishi S. Long-term outcomes of transcatheter arterial
chemoembolization with autologous blood clot for unresectable
hepatocellular carcinoma. Int J Oncol 2002; 21: 427–432.

6. Llovet JM, Bruix J. Systematic review of randomized trials for unre-
sectable hepatocellular carcinoma: Chemoembolization improves
survival. Hepatology 2003; 37: 429–442.

7. Pulvirenti A, Garbagnati F, Regalia E et al. Experience with ra-
diofrequency ablation of small hepatocellular carcinomas before
liver transplantation. Transplant Proc 2001; 33: 1516–1517.

8. Vaughan AT, Anderson P, Dykes PW, Chapman CE, Bradwell AR.
Limitations to the killing of tumours using radiolabelled antibodies.
Br J Radiol 1987; 60: 567–572.

9. Bharat A, Brown DB, Crippin JS et al. Pre-liver transplantation
locoregional adjuvant therapy for hepatocellular carcinoma as a

strategy to improve long term survival. J Am Coll Surg 2006; 203:
411–420.

10. Hanje AJ, Yao FY. Current approach to down-staging of hepato-
cellular carcinoma prior to liver transplantation. Curr Opin Organ
Transplant 2008; 13: 234–240.

11. Yao FY, Hirose R, LaBerge JM et al. A prospective study on down-
staging of hepatocellular carcinoma prior to liver transplantation.
Liver Transpl 2005; 11: 1505–1514.

12. Otto G, Herber S, Heise M et al. Response to transarterial
chemoembolization as a biological selection criterion for liver trans-
plantation in hepatocellular carcinoma. Liver Transpl 2006; 12:
1260–1267.

13. Yao FY. Liver transplantation for hepatocellular carcinoma: Beyond
the Milan criteria. Am J Transplant 2008; 8: 1982–1989.

14. Fukumitsu N, Sugahara S, Nakayama H et al. A prospective study
of hypofractionated proton beam therapy for patients with hepato-
cellular carcinoma. Int J Radiat Oncol Biol Phys 2009 Mar 20 [Epub
ahead of print].

15. TheraSphere Yttrium-90 microspheres package insert, MDS Nor-
dion, Kanata, Canada. 2004.

16. Salem R, Thurston KG, Carr BI, Goin JE, Geschwind JF. Yttrium-90
microspheres: Radiation therapy for unresectable liver cancer. J
Vasc Interv Radiol 2002; 13(9 Pt 2): S223–229.

17. Salem R, Thurston KG. Radioembolization with 90Yttrium mi-
crospheres: A state-of-the-art brachytherapy treatment for pri-
mary and secondary liver malignancies: Part 1: Technical and
methodologic considerations. J Vasc Interv Radiol 2006; 17: 1251–
1278.

18. Pompili M, Mirante VG, Rondinara G et al. Percutaneous ablation
procedures in cirrhotic patients with hepatocellular carcinoma sub-
mitted to liver transplantation: Assessment of efficacy at explant
analysis and of safety for tumor recurrence. Liver Transpl 2005;
11: 1117–1126.

19. Forner A, Ayuso C, Varela M et al. Evaluation of tumor response
after locoregional therapies in hepatocellular carcinoma: Are re-
sponse evaluation criteria in solid tumors reliable? Cancer 2008;
115: 616–623.

20. Llovet JM, Di Bisceglie AM, Bruix J et al. Design and endpoints of
clinical trials in hepatocellular carcinoma. J Natl Cancer Inst 2008;
100: 698–711.

21. Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. J Am Stat Assoc 1958; 53: 457–481.

22. Bruix J, Sherman M. Management of hepatocellular carcinoma.
Hepatology (Baltimore, MD) 2005; 42: 1208–1236.

23. Bruix J, Sherman M, Llovet JM et al. Clinical management of hep-
atocellular carcinoma. Conclusions of the Barcelona-2000 EASL
conference. European Association for the Study of the Liver. J
Hepatol 2001; 35: 421–430.

24. Lo C. Downstaging of hepatocellular carcinoma before transplan-
tation: An advance in therapy or just another selection criterion.
Am J Transplant 2008; 8: 2485–2486.

25. Dawson LA, Guha C. Hepatocellular carcinoma: Radiation therapy.
Cancer J 2008; 14: 111–116.

26. Kulik LM, Atassi B, van Holsbeeck L et al. Yttrium-90 microspheres
(TheraSphere(R)) treatment of unresectable hepatocellular carci-
noma: Downstaging to resection, RFA and bridge to transplanta-
tion. J Surg Oncol 2006; 94: 572–586.

27. Heckman JT, Devera MB, Marsh JW et al. Bridging locoregional
therapy for hepatocellular carcinoma prior to liver transplantation.
Ann Surg Oncol 2008; 15: 3169–3177.

28. Llovet JM, Ricci S, Mazzaferro V et al. Sorafenib in advanced
hepatocellular carcinoma. N Engl J Med 2008; 359: 378–
390.

American Journal of Transplantation 2009; 9: 1920–1928 1927



Lewandowski et al.

29. Goin JE, Dancey JE, Roberts CA, Sickles CJ, Leung DA, Soulen
MC. Comparison of post-embolization syndrome in the treatment
of patients with unresectable hepatocellular carcinoma: Trans-
catheter arterial chemo-embolization versus Yttrium-90 glass mi-
crospheres. World J Nuc Med 2004; 3: 49–56.

30. Mazzaferro V, Llovet JM, Miceli R et al. Predicting survival af-
ter liver transplantation in patients with hepatocellular carcinoma
beyond the Milan criteria: A retrospective, exploratory analysis.
Lancet Oncol 2009; 10: 35–43.

31. Llovet JM, Real MI, Montana X et al. Arterial embolisation or

chemoembolisation versus symptomatic treatment in patients
with unresectable hepatocellular carcinoma: A randomised con-
trolled trial. Lancet 2002; 359: 1734–1739.

32. Lo CM, Ngan H, Tso WK et al. Randomized controlled trial of
transarterial lipiodol chemoembolization for unresectable hepato-
cellular carcinoma. Hepatology 2002; 35: 1164–1171.

33. Freeman RB Jr., Steffick DE, Guidinger MK, Farmer DG, Berg
CL, Merion RM. Liver and intestine transplantation in the United
States, 1997–2006. Am J Transplant 2008; 8(4 Pt 2): 958–
976.

1928 American Journal of Transplantation 2009; 9: 1920–1928




