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Abstract
Aim—Yttrium-90 (90Y) radioembolization is a microembolic procedure. Hence, it is commonly
used in hepatocellular carcinoma (HCC) patients with portal venous thrombosis (PVT). We
analyzed liver function, imaging findings and treatment options (local/systemic) at disease
progression following 90Y in HCC patients with PVT.

Methods—We treated 291 HCC patients with 90Y radioembolization. From this cohort, we
included patients with liver-only disease, PVT and Child-Pugh (CP) score ≤7; this identified 63
patients with HCC and PVT (CP-A:35, CP-B7:27). Liver function, CP status and imaging findings
at progression were determined in order to assess potential candidacy for systemic treatment/
clinical trials. Survival, time-to-progression (TTP) and time-to-hepatic decompensation were
performed using Kaplan-Meier methodology.

Results—Of 35 CP-A and 28 CP-B7 patients, 29 and 15 progressed, respectively. Median
survival and TTP were 13.8 and 5.6 months in CP-A and 6.5 and 4.9 months in CP-B7 patients,
respectively. Of the 29 CP-A patients who progressed, 45% maintained their CP status at
progression (55% decompensated to CP-B). Of the 15 CP-B7 patients who progressed, 20%
improved to CP-A, 20% maintained their CP score and 60% decompensated.
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Conclusion—Knowledge of liver function and CP score of HCC with PVT progressing
after 90Y is critically relevant information as these patients may be considered for systemic
therapy/clinical trials. If strict CP-A status is mandated, our study demonstrated that 64%
exhibited inadequate liver function and were ineligible for systemic therapy/clinical trials. An
adjuvant approach using local therapy and systemic agents prior to progression should be
investigated.

Keywords
hepatocellular carcinoma; portal venous thrombosis; progressive disease; yttrium-90; liver
function

INTRODUCTION
Hepatocellular carcinoma (HCC) is the 6th most common malignancy diagnosed world-
wide.[1] Its incidence is increasing, and it is the 3rd most common cause of cancer-related
mortality.[2] Late stage presentation, co-morbidities, and limited donor availability enables
only 10% of patients to receive curative therapies.[3] 90Y radioembolization plays an
important palliative role in the management of HCC by inducing tumor necrosis and
delaying progression.[4–10]

One of the common indications for 90Y that has emerged since its introduction is HCC in the
presence of portal venous thrombosis (PVT). This is a clinically relevant scenario, as 26–
35% of HCC patients demonstrate vascular invasion at transplantation.[11] 90Y is a
microembolic procedure and causes minimal occlusion of hepatic arteries; hence, it can be
safely used in the setting of PVT without compromising blood flow to the hepatic
parenchyma.[12] A recent study has suggested that the presence of PVT significantly
increases the chances of extrahepatic spread of the tumor and decreases overall survival.[13]
Assessing outcomes in this situation is therefore important; treating underlying PVT may
theoretically translate into a lower rate of extrahepatic metastases. Unfortunately, despite
promising response rates in PVT patients treated with 90Y, most patients will progress. This
setting of disease progression represents a challenging clinical scenario as treatment options
are scarce. The role of systemic agents was historically limited until two randomized trials
demonstrated survival benefit with sorafenib.[14, 15] Both of these studies enrolled patients
with advanced HCC who were ineligible for or had progressed on previous surgical/
locoregional therapies. Interestingly, >95% of patients in these studies had Child-Pugh (CP)
class A liver function. These trials led a consensus panel to recognize sorafenib as a
standard-of-care for patients progressing on locoregional therapy (LRT).[16, 17]

The primary purpose of this study was to assess clinical/imaging progression of HCC
patients with PVT treated with 90Y (Barcelona Clinic Liver Cancer [BCLC] C disease), as
well as to investigate their candidacy for systemic treatment at disease progression. This
analysis is of relevance since it explores the commonly-stated (but suboptimally studied)
notion that patients with PVT may receive a LRT (in this case 90Y) followed by systemic
agents at progression. This concept assumes that patient liver function (and CP score) at
progression will be sufficiently maintained to permit use of systemic agents which, by 3
major consensus guidelines, should be reserved for CP-A patients.[16, 18, 19]

METHODS
This analysis was approved by the Northwestern University Institutional Review Board and
is Health Insurance Portability and Accountability Act complaint. The study is a subset
analysis of a 291-patient cohort of consecutive HCC patients who were treated with 90Y
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radioembolization at our institution.[5] Patients were considered candidates for 90Y if they
exhibited unresectable HCC (determined by transplant surgery) and bilirubin <3.0 mg/dL.
For the purpose of isolating the appropriate cohort, we excluded patients who: 1) did not
exhibit PVT, 2) demonstrated extrahepatic metastases, and 3) had a CP score of ≥8 (Figure
1: Study flow chart). We excluded patients with ≥CP-B8 and extrahepatic disease in order to
reduce the confounding effect of liver function and extrahepatic metastases on survival,
respectively. This resulted in the identification of a homogeneous 63 patient cohort who had
PVT at baseline and preserved liver function (≤CP-B7). The patient population was further
subdivided into two groups on the basis of CP status (CP-A and CP-B7). CP-B7 patients
were included since this is a commonly used cut-off for clinical trials in HCC. Although
patients were initially enrolled between January 2004 and December 2008, they have since
then been prospectively followed and imaging findings updated; imaging/survival data were
closed on December 28, 2011 to report mature outcomes. The data reported herein comply
with research reporting standards for 90Y.[20]

Evaluation and Staging
Diagnostic criteria for HCC included biopsy or radiographic findings as defined by
guidelines.[16] Enhancing portal vein thrombus (on imaging) associated with an HCC was
deemed to represent malignant vascular invasion. Baseline staging was performed by CP
(liver function), United Network for Organ Sharing (UNOS TNM) (tumor size/number) and
BCLC classification systems (composite of liver function, tumor size/number and
symptoms). The decision to treat with 90Y was consensus-based during weekly HCC
conference represented by medical oncology, hepatology, transplant surgery and
interventional radiology.

90Y Radioembolization
Pre-treatment mesenteric angiography and technetium-99m macroaggregated albumin scans
were performed to assess gastrointestinal flow and lung shunting.[21] Bilobar disease was
treated on a lobar basis at 30-day intervals. Patients were discharged 2–6 hours after
treatment without the need for hospitalization per published standards.[21] 90Y
radioembolization was performed with glass-based microspheres (Nordion, Canada). 38 of
63 received >1 90Y treatments (2 treatments: N=23, 3 treatments N=12, 4 treatments: N=2, 5
treatments: N=1).

Analysis of Progression
Patients were followed using cross-sectional imaging one month following treatment and at
scheduled 2–3 month intervals on protocol. The imaging modality remained consistent for
each patient. The scans were analyzed on the basis of World Health Organization (WHO)
size and European Association for Study of the Liver (EASL) necrosis criteria
(Supplementary Table 1). [7, 14, 22–25] Scans were analyzed for different patterns of
progression and observation of any of the following constituted time-to-progression (TTP)
endpoints: 1) WHO progressive disease (PD) of target/index lesion, 2) EASL PD of target/
index lesion, 3) development of new lesions, 4) development of extrahepatic metastases and,
5) progression of pre-existing PVT length and width. PVT progression was declared when
any of these findings were observed: 1) dramatic PVT increase in length and/or width or, 2)
extension in the branch order of PVT involvement (ex: extension from segmental to lobar or
lobar to main PVT). The date of progression was determined on the basis of earliest scan
demonstrating progression by any of the patterns cited above, even if this required histologic
confirmation at a later date (e.g. biopsy confirmation of new lung metastasis). Patterns of
progression were also analyzed without a time limit, thereby incorporating any progression
in post-90Y period until the end of follow-up or death. Patients could exhibit progression by
more than 1 pattern listed above; all were captured and reported.
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Clinical staging at progression
Physical examination, laboratory reports and follow-up scans were analyzed at the time of
imaging progression to determine CP score. Laboratory tests coincided with imaging (+/− 2
days). This analysis would permit assessment of: 1) patient suitability for systemic agents/
clinical trials on the basis of liver function and, 2) long-term effect of 90Y on liver function
compared to baseline. For patients who did not progress, the analysis was performed on the
day of last follow-up. Performance status was also assessed at the time of progression.

Imaging and Survival Analysis
Radiologic response was assessed by WHO and EASL guidelines and response in PVT,
separately for CP-A and CP-B7 patients. Median survival (from date of first treatment) and
TTP were also analyzed separately for CP-A and CP-B7 patients. Survival from the date of
progression was also determined; this information is of relevance since it approximates
survival in the advanced and progressive HCC setting following progression. TTP was
defined as time from first 90Y to the scan demonstrating any method of progression
described above. Median imaging follow-up from last scan to death/end-of-follow up was
calculated. Time-to-hepatic decompensation (TTHD), defined as an increase from any
baseline CP class to >B7, was also performed.

At the time of closure of date, 61 out 63 patients had died. The two patients alive at the time
of data closure were both CP-A.

Statistics
Data were summarized using descriptive statistics (median and range for continuous
variables; count and frequency for categorical variables). Median survival, TTP, TTHD
were determined using Kaplan-Meier methodology[26]. Statistical analyses were performed
using MedCalc for Windows, version 9.5.0.0 (MedCalc Software, Mariakerke, Belgium).

RESULTS
Patient Sample and Baseline Characteristics

Table 1 summarizes the baseline patient demographics. 35 (55%) patients were CP-A and 28
(45%) were CP-B7. Median age was 65 years. Most patients were performance status 0
(48%), male (75%), treatment naïve (90%), exhibited bilobar (63%) and multifocal disease
(87%); median size of the index lesion was 7.8 cm. All patients were UNOS T4b and BCLC
C. 34 and 29 patients exhibited lobar and main PVT respectively.

Analysis of Progression
A total of 269 scans were analyzed (4.3/patient). The earliest manifestations of progression
in the 35 CP-A patients were 26%, 23%, 29%, 31%, 26% and 26% by WHO PD, EASL PD,
new lesions, metastases, and increase in PVT length and width, respectively. For the 28 CP-
B7 patients, 14%, 14%, 21%, 14%, 36% and 36% demonstrated WHO PD, EASL PD, new
lesions, metastases, and increase in PVT length and width, respectively (Table 2).

When patterns of progression were analyzed without any timeline, CP-A patients
demonstrated WHO PD, EASL PD, new lesions, metastases, and increase in PVT length-
width with frequencies of 31%, 34%, 37%, 37%, 37% and 37% respectively. Overall, 29 of
35 (83%) CP-A patients progressed after 90Y; 17% did not exhibit progression at the end of
follow-up/death. Similarly, CP-B7 patients demonstrated WHO PD, EASL PD, new lesions,
metastases, and increase in PVT length-width in 21%, 21%, 32%, 14%, 43% and 43%,
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respectively (Table 2). Overall, 15 of 28 (54%) CP-B7 patients progressed after 90Y; 46%
did not exhibit progression at the end of follow-up/death.

Response, Survival, TTP and Imaging Follow-up
Table 3 summarizes response, survival, TTP and TTHD. For CP-A patients, response rate
was 49%, 49% and 57% by WHO, EASL guidelines and PVT response, respectively. For
CP-B7 patients, response rate was 25%, 32% and 36% by WHO, EASL guidelines and PVT
response, respectively. For CP-A patients, survival was 13.8 (95% confidence interval [CI]:
9.0–18.8) months from treatment and 6.2 (CI: 4.0–11.5) months from date of progression.
For CP-B7 patients, survival was 6.5 (CI: 5.0–7.5) months from treatment and 3.0 (CI: 1.8–
4.8) months from date of progression. Survival was significantly higher for CP-A patients
(p=0.0013).

When stratified by lobar or main PVT, survival for CP-A patients was 15.7 (CI: 9.0–20.0)
and 9.0 (CI: 5.0–14.0) months, respectively. For CP-B7, it was 6.5 (CI: 5.2–8.0) and 5.8 (CI:
4.2–10.0) months, respectively.

For CP-A and CP-B, TTP was 5.6 (CI: 3.5–7.5) and 4.9 (CI: 2.2–6.3) months (Figure 2).
Median interval between last scan and death/last follow-up for CP-A and CP-B7 patients
was 3.7 (Inter-quartile range [IQR]: 1.8–11.6) and 3.2 (IQR: 1.4–4.3) months, respectively.

TTHD was 5.8 months (4.8 – 11.0) for the entire cohort. It was 35.2 (6.0, not calculable)
months for CP-A patients, with a 1 and 2-year hepatic decompensation-free rate of 60%.
TTHD was 4.2 (2.3 – 5.0) months for CP-B7 patients (Figure 3).

Clinical Stage at progression
Figure 1 (and Supplementary Table 2) summarizes the CP scores (and class) of patients at
progression. For the 29 progressing patients CP-A at baseline, 45% maintained their CP
stage and 55% decompensated to CP-B. For the 15 progressing patients that were CP-B7 at
baseline, 20% improved to CP-A, 20% remained CP-B7; 13% and 20% decompensated to
CP-B8 and CP-B9, respectively. 13%, 7% and 7% decompensated to CP-C10, CP-C11 and
CP-C12, respectively. Thus, of all patients progressing after 90Y (29+15=44), 16 (36%)
maintained their baseline CP class, 3 (7%) improved and 25 (57%) worsened. Moreover, of
the 44 patients exhibiting imaging progression, 16 (36%) were CP-A, 24 were CP-B (55%)
and 4 patients (9%) were CP-C at the time of progression.

Figure 1 (and Supplementary Table 2) also summarizes the CP status of patients who did not
demonstrate progression at last follow-up. For 6 patients who were baseline CP-A, 4
remained in the same class and 1 each progressed to CP-B and C, respectively. For 13
patients who were CP-B7 at baseline, 2 remained CP-B7 while the remainder
decompensated to higher CP scores. Overall, of the 19 patients who did not progress at last
follow-up, 32% maintained their CP status while 68% worsened.

Table 4 also lists the performance status at progression as compared to baseline.

Clinical follow-up
Of the 44 patients who progressed, 25 (57%) did not receive any therapy after progression.
19 patients received alternate treatments including: repeat 90Y N=9; 90Y/RFA N=2; 90Y/
bland embolization/RFA N=1; 90Y/bland embolization N=1; bland embolization N=1;
chemotherapy N=1; clinical trial N=1; liver transplant N=1; Trans-arterial
chemoembolization (TACE)/chemotherapy N=1; 90Y/bland embolization/TACE/sorafenib
N=1.
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DISCUSSION
HCC is a unique malignancy where the prognosis is not only affected by the tumor itself but
also by underlying liver cirrhosis. Hence, the competing risks of death in HCC translate into
a natural history of disease where patients succumb to either cirrhosis or the unique pattern
of cancer progression. In this already complicated scenario, the development of PVT further
increases risks and potentially reduces treatment options. The presence of PVT is a hallmark
of advanced BCLC disease where systemic therapy is proposed for such patients. In recent
years, a niche application for 90Y in this specific context has been investigated by many
experienced centers; the idea has been to consider local 90Y radiotherapy given the intense
cytotoxic effect and, at the time of progression, consider the use of cytostatic agents.
Outcomes have been encouraging and have sparked the initiation of combinatorial clinical
trials. However, one aspect of this approach that is under-studied (and hence under-reported)
is the assumption that patients will have preserved liver functions and CP class permitting
the use of systemic agents at progression. CP-A is a well-accepted and necessary liver
function criterion for systemic treatments that was recommended in the 2008 research, 2011
American and 2012 European HCC guidelines.[16, 18, 19] The purpose of this study was
therefore to assess the candidacy (by liver functions and CP class) of patients with PVT and
HCC for systemic treatment and/or clinical trials at disease progression following 90Y, as
well as to assess the patterns of progression in PVT patients.

Some interesting observations were derived from this study. First, a majority of patients
(64%) with progressive disease by imaging following 90Y were not candidates for further
clinical trials or systemic therapy by CP. Second, the survival difference was significantly
different in this cohort when comparing CP-A and CP-B7. Third, the majority of patients
(57%) had a worsening CP class at progression when compared to baseline. Finally,
progressive disease could be more thoroughly documented in CP-A compared to CP-B7
patients; this is due to the inherently longer survival (and therefore follow-up) of CP-A
patients.

In this cohort, 64% of patients at progression following radioembolization exhibited CP
class B or C, precluding them from systemic agents/clinical trials. As a result, only a
minority (36%) maintained CP-A status and could be offered systemic agents. These
findings shed light on the effect of LRT and ongoing cirrhosis in HCC patients with PVT;
the maintenance of liver functions does not appear to be indefinite. This suggests a time-
limited “therapeutic-window” where systemic agents could be considered after LRTs but
prior to disease progression.

Analysis of progression, TTP and survival did yield interesting findings. 37% of CP-A
patients with HCC and PVT developed metastatic disease; this is consistent with recent
reports of PVT representing a significant risk factor for the development of metastases.[13]
The rate of development of metastatic disease was lower for CP-B7; this may be explained
by shorter survival not permitting sufficient time for the identification of metastases by
imaging. Although CP-A patient lived longer than CP-B, the stratification by lobar and main
PVT was important. The location of PVT was more relevant in the CP-A patients, where
lobar PVT patients demonstrated longer survival than main PVT. This was not the case with
CP-B7, where both lobar and main PVT patients did poorly; survival in this case was likely
mostly driven by liver (dys) function.

Another observation from our experience was the combined effect of progressive disease
and 90Y radioembolization on the status of liver function. In patients who demonstrated
progression, a majority (57%) had a worsening of their CP status, while 43% either
maintained or improved their CP status. In patients who did not show disease progression,
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32% maintained their CP status while 68% worsened. It is possible that the improvement in
CP status may have resulted from treatment response and tumor size reduction; conversely,
worsening CP status may also have resulted from tumor progression and/or toxicity
from 90Y. The fisher’s exact test was performed in order to investigate the relationship
between progression and maintenance/worsening of CP; this was not found to be significant
(p=0.17). We do recognize that worsening of hepatic function is multifactorial and not
singularly affected by tumor progression. While worsening hepatic function may not
necessarily affect patients without tumor progression (no treatment needed), it may
significantly limit treatment options for those patients who simultaneously demonstrate
tumor progression. Furthermore, since BCLC guidelines support the use of LRTs in CP-A or
B in intermediate disease, the feasibility of LRTs appears less dependent on liver function as
compared to systemic therapies, where CP-A is mandated (or strongly encouraged).[16, 18,
19]

This study has helped further elucidate the current challenges in treatment of patients with
advanced HCC. The general agreement is that when feasible, patients who progress on one
form of therapy should be offered a different treatment option. In the case of disease
progression after LRTs, patients should be offered systemic therapy (clinically or on-study).
However, in our assessment, many patients progressing after 90Y also decompensate in
terms of liver function are not eligible for systemic therapy. This challenges the concept of
sequential treatment of LRTs following by systemic agents at progression and suggests
alternate possibilities. First, combining a systemic therapy with LRTs at the time of initial
LRT may be supported by potential synergies, such as compensating for growth factor
stimulation following LRTs (such as chemoembolization). However, recent data (Sorafenib
or Placebo in Combination with Transarterial Chemoembolization for Intermediate-Stage
Hepatocellular Carcinoma: SPACE) presented did not seem to provide compelling support
for this rationale. Alternatively, an adjuvant approach may be considered, where all planned
cytotoxic LRTs are first completed to the entire treatment field and subsequently followed
with systemic agents (cytostatic effect). Our data seem to support investigating this approach
of using systemic agents at a time when liver functions are maintained as opposed to waiting
for disease progression, where liver functions have decompensated. Current ongoing trials
have in fact selected this approach when combining 90Y with sorafenib (sorafenib +/− 90Y:
STOP-HCC [NCT01556490], SORAMIC [NCT01126645]). Finally, although crossover to
alternate therapies is a common problem in HCC studies, our findings also support the
feasibility of head-to-head studies comparing 90Y and systemic agents (in HCC with PVT)
with minimal crossover, since, at the time of progression following 90Y, CP-A liver function
is not often maintained, thereby limiting the ability to crossover to systemic therapy
(sorafenib versus 90Y: SIRveNIB [NCT01135056], YES-p [NCT pending]).

There are strengths to the study. First, the analysis is novel and the concept of sequential
LRTs and systemic agents is of relevance and a clinical reality, particularly as it relates to
new trials. Second, the imaging analysis was comprehensive and mature, with acceptable
time from last scan to death. Third, the study suggest that CP-B7 patients demonstrate lower
survival following LRTs using this treatment option, supporting HCC research guidelines
mandating CP-A status to minimize the confounding effect of liver function.[16, 18, 19]
Fourth, a correlation between TTP and survival was not observed; this is of relevance since
it challenges the concept of a TTP/survival correlation in HCC that has recently emerged in
expert panel discussions. Factors other than preventing tumor progression affected survival;
these potentially included background cirrhosis and/or treatment toxicity. Finally, in keeping
with recent response assessment guidelines, we did incorporate worsening PVT in TTP; this
was deemed essential in order to capture a TTP endpoint that would parallel clinical
deterioration.[27] There are limitations. Although sample size was limited, this clinical
condition is not common; further confirmatory reports will be required. Another limitation
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of this type of analysis involves the different clinical implications of “disease progression”
when referring to LRTs versus systemic agents. Although a treated (and responding) lesion
demonstrating new enhancement months/years after LRT may be deemed progressing,
repeat LRT is rational in the proper clinical context (no new mets, acceptable liver
functions). For the same clinical scenario where new tumoral enhancement is seen in a
responding lesion while on systemic therapy, progression implies the need for a change in
treatment. Hence, the term “disease progression” may have different clinical implications
depending on the type of therapy received. Furthermore, the data suggest that treatment of
HCC with PVT in CP-B stage patients should be prospectively investigated at centers with
significant clinical experience in radioembolization. Finally, although it is recognized that
multiple factors determine clinical trial/systemic drug eligibility (performance status [see
Figure 1 ECOG scores], comorbidities, platelet count), our intent was to focus more on
objective parameters limiting HCC clinical trial enrollment, such as liver function and CP
class.

CONCLUSION
The majority of patients (64%) with HCC and PVT that progressed after 90Y were not
deemed suitable for systemic treatments or clinical trials on the basis of liver function. The
findings challenge the validity/feasibility of sequentially treating patients with LRTs
following by systemic agents (clinically or on-study) at progression. In the scenario where
LRTs combined with systemic agents are being considered, an adjuvant approach may be
feasible, with the systemic treatment administered after LRT but before disease progression,
when liver function is still maintained. This concept requires further investigation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

BCLC Barcelona Clinic Liver Cancer

CI 95% confidence interval

CP Child-Pugh

CT Computed Tomography

EASL European Association for the Study of the Liver

HCC Hepatocellular Carcinoma

LRT Locoregional therapy

MRI Magnetic Resonance Imaging

PD Progressive Disease

PVT Portal venous thrombosis
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SIRveNIB Phase III Multicenter Open-label Randomized Trial of Selective Internal
Radiation Therapy versus Sorafenib in Locally Advanced Hepatocellular
Carcinoma

SORAMIC Evaluation of Sorafenib in combination with local micro-therapy guided by
Gd-EOB-DTPA enhanced MRI in patients with inoperable hepatocellular
carcinoma

SPACE Sorafenib or Placebo in Combination with Transarterial
Chemoembolization for Intermediate-Stage Hepatocellular Carcinoma

STOP-HCC Phase III Clinical Trial of Intra-arterial TheraSphere in the Treatment of
Patients with Unresectable Hepatocellular Carcinoma

TACE Trans-arterial chemoembolization

TTP time-to-progression

UNOS United Network for Organ Sharing

WHO World Health Organization
90Y Yttrium-90 radioembolization

YES-p a prospective randomized clinical trial of 90Y radioembolization vs
sorafenib for the treatment of advanced HCC with portal vein thrombosis
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Figure 1.
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Figure 2.
Kaplan-Meier Time-to-Progression
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Figure 3.
Kaplan-Meier Time-to-Hepatic Decompensation
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Table 1

Baseline Patient Characteristics

Characteristic N (%) Patients (N=63)

Age (years)
Median 65

Range 34 – 89

Ethnic Group

Caucasian 43 (68)

Asian 7 (11)

Hispanic 4 (6)

African-American 9 (15)

Gender
Male 47 (75)

Female 16 (25)

Etiology

Alcohol 12 (19)

HCV 25 (39)

HCV + Alcohol 7 (11)

HBV 4 (6)

NASH 1 (2)

HCV+HBV 1 (2)

Cryptogenic 13 (21)

Method of Diagnosis
Imaging 30 (48)

Biopsy 33 (52)

Prior Failed Therapies

None 57 (90)

Chemoembolization 3 (5)

Resection 3 (5)

Portal Hypertension
Present 38 (60)

Absent 25 (40)

Ascites
Present 2 (3)

Absent 61 (97)

Lobar Distribution
Unilobar 23 (37)

Bilobar 40 (63)

Distribution
Solitary 8 (13)

Multifocal 55 (87)

Largest Tumor Size (cm) Median (Range) 7.8 (1.5 – 21.2)

Tumor Burden

≤25% 43 (68)

26–50% 13 (21)

>50% 7 (11)

AFP (ng/mL)

>200 34 (54)

≤200 26 (41)

N/A 3 (5)

ECOG
0 30 (48)

1 27 (43)
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Characteristic N (%) Patients (N=63)

2 6 (9)

Child-Pugh
A 35 (55)

B7 28 (45)

Abbreviations: AFP: Alpha-fetoprotein; ECOG: Eastern Cooperative Oncology Group; HBV: Hepatitis B Virus; HCV: Hepatitis C Virus; NASH:
Nonalcoholic Steatohepatitis
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Table 2

Analysis of Progression

Pattern of Progression (first observation of progression)

N (%) N (%)

CP-A CP-B7

WHO PD 9 (26) 4 (14)

EASL PD 8 (23) 4 (14)

New Lesions 10 (29) 6 (21)

Metastases 11 (31) 4 (14)

PVT Length 9 (26) 10 (36)

PVT Width 9 (26) 10 (36)

Pattern of Progression (progression observed at anytime)

N (%) N (%)

CP-A CP-B7

WHO PD 11 (31) 6 (21)

EASL PD 12 (34) 6 (21)

New Lesions 13 (37) 9 (32)

Metastases 13 (37) 4 (14)

PVT Length 13 (37) 12 (43)

PVT Width 13 (37) 12 (43)

Abbreviations: EASL: European Association for the Study of the Liver; PD: Progressive disease; WHO: World Health Organization, PVT: portal
vein thrombosis
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