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Abstract

Introduction The drop-off risk for patients awaiting liver
transplantation for hepatocellular carcinoma (HCC) is
22%. Transplant liver availability is expected to worsen,
resulting in longer waiting times and increased drop-off
rates. Our aim was to determine whether chemoemboliza-
tion can decrease this risk.

Patients and Methods Eighty-seven consecutive HCC
patients listed for liver transplant (Milan criteria) under-
went statistical comparability adjustments using the
propensity score (Wilcoxon, Fisher’s, and chi-square
tests). Forty-three nonchemoembolization patients and 22
chemoembolization patients were comparable for Child-
Pugh and Model for End-Stage Liver Disease scores, tumor
size and number, alpha fetoprotein (AFP) levels, and cause
of cirrhosis. We calculated the risk of dropping off the
transplant list by assigning a transplant time to those who
dropped off (equal probability with patients who were on
the list longer than the patient in question). The signifi-
cance level was obtained by calculating the simulation
distribution of the difference compared with the permuta-
tions of chemoembolization versus nonchemoembolization
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assignment of the patients. Kaplan—Meier estimators (log-
rank test) were used to determine survival rates.

Results Median follow-up was 187 £ 110 weeks (range
38 to 435, date of diagnosis). The chemoembolization
group had an 80% drop-off risk decrease (15% nonchem-
oembolization versus 3% chemoembolization, p = 0.04).
Although survival was better for the chemoembolization
group, it did not reach statistical significance. Two-year
survival for the nonchemoembolization and chemoembo-
lization group was 57.3% £ 7.1% and 76.0% £ 7.9%,
respectively (p = 0.078).

Conclusions Chemoembolization appears to result in a
significant decrease in the risk of dropping off liver
transplant list for patients with HCC and results in a ten-
dency toward longer survival.

Keywords Chemoembolization - Liver transplantation -
HCC - Milan criteria - Drop off risk

Introduction

The implementation of the Milan [1] and San Francisco [2]
(orthotopic) liver transplantation (OLT) criteria for patients
with hepatocellular carcinoma (HCC) has resulted in sig-
nificantly improved postsurgical survival rates [3]. Cur-
rently, the post-OLT 5-year survival rate is approximately
70% to 80% [2, 5-7], with a disease-recurrence rate of 15%
[3-5]. Because of these excellent long-term results, the
percent of OLTs performed for cirrhosis complicated by
HCC has increased from 7% to 22% and is bound to
increase further as the incidence of HCC continues to climb
[5, 7-11]. Another breakthrough occurred with the intro-
duction of the Model for End-Stage Liver Disease (MELD)
allocation system in 2002, which decreased the mean liver
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transplant wait list period from 27.7 months to 8.3 months
[7]. Despite this decrease, the drop-off rate among patients
awaiting liver transplantation continues to be unacceptably
high at approximately 22% overall and 11%, 57%, and 75%
at 6, 12, and 18 months respectively [7]. Recent data sug-
gest that the strict Milan criteria can be expanded to patients
with (1) a single tumor <6.5 cm or (2) 3 tumors, each
<4.5 cm and with a total diameter <8 cm (San Francisco
criteria) without significantly compromising survival rates
[6, 8]. Although this will allow more patients to potentially
benefit from the only treatment option that cures both the
HCC and the underlying cirrhosis, it is certain to further
increase the wait-list period and consequently the drop-off
rate. Despite attempts to increase the donor pool, liver
transplant waiting lists are growing longer both in Europe
and the United States [10, 12], putting a heavier burden on
pre-OLT interventions. Chemoembolization has been
shown to provide a survival benefit to patients with unre-
sectable HCC [13—15] and to result in significant tumor
responses according to both European Association for the
Study of the Liver (EASL) and Response Evaluation Cri-
teria In Solid Tumors (RECIST), [8, 10, 16]. It has occa-
sionally been employed as a bridging treatment for patients
on the liver transplantation waiting list, hoping either to
decrease the drop-off risk or to improve post-OLT survival,
but has had mixed results [4, 5, 8, 10, 11, 16-23]. Our
objective was to establish whether treating patients who are
on the liver transplantation waiting list for HCC with
chemoembolization decreases their drop-off risk.

Patients and Methods
Patients

The treatment received by all patients was part of standard
clinical care, and relevant informed consent was obtained.
This was a retrospective study that conformed to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected
in a priori approval by the appropriate Institutional Review
Committee. From 2001 to 2008, a total of 87 patients (61
male and 26 female; median age of 53 + 8 years [range 33
to 72]) were listed for liver transplantation because of cir-
rhosis-related HCC. All patients fulfilled the Milan criteria
(single lesion <5 cm diameter or <3 lesions <3 cm in
diameter). Diagnosis of HCC was made based by biopsy
specimen or the presence of a hypervascular liver lesion in a
cirrhotic liver and an alpha fetoprotein (AFP) >400 ng/ml.
Data analysis was performed in late 2009, and by then all
patients either undergone OLT or had dropped off the liver
transplant list. For all patients, we recorded the cause of
cirrhosis, Child-Pugh (C-P) and MELD scores, tumor
morphology on dual-phase computed tomography (CT) or

magnetic resonance imaging (MRI), AFP scores, and, if
appropriate, the reason for drop off and cause of death. Of
the 87 patients listed for liver transplantation for cirrhosis-
related HCC, 52 did not undergo chemoembolization while
on the waiting list, and 35 were treated according to the
Johns Hopkins chemoembolization protocol (see later text).
All patients were presented at our weekly multidisciplinary
Liver Tumor Board, where interventional radiology, liver
surgery, hepatology and oncology disciplines are repre-
sented, and the plan for liver transplant listing and chemo-
embolization or nonchemoembolization was formulated.
Inclusion criteria were as follows: (1) lesion size >2 cm, (2)
alesion <1 cm from the planned resection margin, and (3) a
lesion <1 cm from a major blood vessel that needed to be
preserved. All chemoembolizations were performed by
experienced interventional radiologists.

Chemoembolization Protocol

Patients undergoing chemoembolization had a baseline
dual-phase liver MRI. Chemoembolization was performed
with a 5F catheter placed in the right or left hepatic artery.
Whenever the tumor vascular supply allowed, a more
selective chemoembolization was performed with the
catheter tip in a segmental hepatic arterial branch. A 7- to
10-mL chemotherapy solution was infusedcisplatin 100 mg
(Bristol Myers Squibb, Princeton, NJ), doxorubicin 50 mg
(Adriamycin; Pharmacia-Upjohn, Kalamazoo, MI), and
mitomycin C 10 mg (Bedford Laboratories, Bedford,
OH)in a 1:1 volume ratio with Ethiodol (Savage Labora-
tories, Melville, NY) or in a 2:1 ratio with twice as much
chemotherapy as Ethiodol, depending on flow character-
istics, to avoid complete stasis within the selected hepatic
artery. This was followed by infusion of 1 to 4 mL Emb-
osphere particles (Biosphere Medical, Boston, MA) mea-
suring 100 to 300 um in size to slow arterial inflow and
prevent wash of the chemotherapeutic agents. The end
point of the procedure (technical success) was achieved
when the entire amount of chemotherapy was delivered and
the infused Embospheres resulted in visibly slowed arterial
flow. Nonbuffered lidocaine (10 to 20 cc, 1:100 ratio) was
also given intra-arterially after chemoembolization for pain
control. After chemoembolization, patients were admitted
overnight, and a non-contrast-enhanced CT scan of the
liver was obtained to document Ethiodol distribution
before the patient was discharged. Technical success was
defined as completion of the chemoembolization procedure
and the follow-up nonenhanced CT showing distribution of
Lipiodol in the targeted lobe or segment. The treatment
protocol (dual-phase liver MRI and chemoembolization)
was repeated every 4 to 6 weeks. If MRI showed >90%
tumor necrosis, chemoembolization was postponed until
re-evaluation with follow-up MRI showed <90% tumor
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necrosis. Exclusion criteria for chemoembolization were
total bilirubin >4 mg/dl, C-P score of C, or Eastern Col-
laborative Oncology Group performance status of 3.

Statistical Analysis

Our primary objective was to estimate the risk of dropping
off the transplant list for those patients treated with
chemoembolization, compare it with the risk of those
patients not treated with chemoembolization, and to
determine whether any difference was statistically signifi-
cant. The drop-off risk was calculated prospectively at time
of listing for all patients expected to wait for a transplant
equal or longer than m months (m = 1, 2,..., 28). To cal-
culate the drop-off risk, the following two issues had to be
addressed: First, we had to ensure that the two groups
(chemoembolization vs. no chemoembolization) were
matched. Second, to determine the risk, we had to calculate
the expected time of transplant for those patients who
dropped off the list had they not dropped off.

Matching

To address the possibility that the two groups were not
comparable, we first compared them using Wilcoxon test
for ordinal variables, Fisher’s exact test for nominal binary
variables, and chi-square test for nominal variables with
more than two levels. Because the groups differed in C-P
score, size of tumor, and AFP level (Table 1), we estimated
the propensity score [24] of being in the chemoemboliza-
tion versus the nonchemoembolization group as function of
these variables. Nine of the 52 patients in the nonchem-
oembolization group and 13 of the 35 patients in the

chemoembolization group had no propensity-comparable
patient in the contralateral group and were removed from
further analysis. The remaining 22 chemoembolization and
43 nonchemoembolization patients were thus matched for
all variables in Table 1 were and were used in the sub-
sequent analysis to calculate the drop-off risk.

Drop-Off Risk Calculation

To calculate drop-off risk, first the expected transplantation
time for patients that dropped off the transplant list must be
estimated. The expected waiting time for a patient who
dropped off the list, was assigned with equal probability as
the actual waiting time for patients who were on the list at
least as long as the patient in question. We then calculated
the risk of dropping off, as defined above, for the chemo-
embolization and nonchemoembolization groups. The dif-
ference between the drop-off risk between the groups, as
well as the significance level for this difference, was
obtained by calculating the simulation distribution of the
difference compared with the permutations of chemoemb-
olization versus nonchemoembolization assignment of the
patients. For a detailed explanation of this method, the
reader is referred to Rosenbaum [25]. We also calculated
the risk of dropping off the transplant list using Kaplan—
Meier estimators. This method compares the two groups
overall. In contrast, the above-described propensity score
method calculates the drop-off risk in relation to time on
the waiting list. This is important because the drop-off risk
correlates strongly with time spent on the waiting list.
Survival rates were calculated using Kaplan-Meier esti-
mators, and patients alive at time of analysis were cen-
sored; the Kaplan—Meier curves were compared between
treated and untreated patients using log-rank test.

Table 1 Baseline epidemiologic and tumor morphologic characteristics of the control (non chemoembolization) and test (chemoembolization)

groups®
Characteristics All patients No treatment Treatment p

(n = 87) (n = 52) (n = 35)
Age (y) 53+£38 53+7 57T+8 0.173
Sex (M/F) 61/26 38/14 23/12 >0.50
Type of cirrhosis (B/C/EtOH/Crypt/Ot) 12/56/9/4/6 4/36/7/2/3 8/20/2/2/3 0.496
MELD 21+ 4 20 £ 4 21 +£3 >0.50
No. of lesions (1/2/3) 64/12/11 42/4/6 21/10/4 0.256
CP (A, B, ©) 33/4717 14/31/7 20/15/0 0.001
Size (cm) 3+12 2+ 1.1 3+ 1.1 0.002
AFP (ng/mL) 1011 + 3855 350 + 1103 2301 + 6340 0.002

* The two groups were no different in age, sex, type of cirrhosis, MELD score, and number of lesions. However, they were not comparable for
C-P score, lesion size, and AFP levels. Not surprisingly, the nonchemoembolization group had more C-P score C patients because C-P score C
was a contraindication to chemoembolization. In contrast, the tumor size was larger in the chemoembolization group, likely representing the
multidisciplinary team’s concern that the patient may soon cross over the Milan size criterion. Finally, the chemoembolization group had a
significantly greater baseline AFP level. Before statistical analysis, the two groups rendered comparable for the last three variables, as explained

in the Statistical Analysis section
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Sample Size Calculation

For the statistical method used, sample size or power
cannot be accurately calculated before determining the
variance of the estimators for the drop-off risks for the two
groups. This variance and the sample size and power can
be calculated as follows:

Define d as the difference between logit(true drop-off
risk in the non-TACE group) and logit(true drop-off risk in
the TACE group). Then define D as the estimator of d and
assume it is approximately normally distributed as descri-
bed by Pr(D | d) = Normal { d, v(n) }. Here, v(n) is the
variance of D and is inversely proportional to the sample
size as is the case in most regular estimators of the
asymptotic theory (Here logit(.) is the function log(./(1—.)),
which is the inverse of the logistic function).

Then it follows that v(n) = 1/info(n), where info(n) =
n*info(1), and where info(1) is the Fisher information
number for estimating d based on a single observation (of
course, d is inestimable from a single observation; info(1)
is merely a rate of change of the Fisher information with
sample size). To conduct a sample size calculation, we
must first know info(1).

By using the simulation distribution of the estimator D
one can calculate p. Given the above-mentioned approxi-
mation for the distribution of D, a z-value can be calculated
corresponding to the two-sided p-value. Because the
z-value is also equal to D/\/ (v(n)), which from the above

Fig. 1 DoTx or drop off for all

calculation equals D*\/ {n*info(1) }, one can obtain info(1)
as z> /{ D* *n }. Finally, the power of a study (with
sample size n) to detect a difference d in the logit scale is
1 — ®[1.96-d*,/{n*info(1)} ].

Results

Median follow-up was 187 £ 110 weeks (38 to 435) from
the date of diagnosis and 176 £ 108 weeks (56 to 431)
from the date of listing. Technical success of chemoemb-
olization was 100%. The patient distribution to time of
transplant (or drop off) versus waiting time (calculated as
described in the Statistical Analysis section) is shown in
Fig. 1. Table 1 lists comparative variables for the control
and test groups before removal of the patients without a
propensity-comparable counterpart in the other group. The
initial chemoembolization and nonchemoembolization
groups were not matched for C-P distribution, tumor size,
and AFP levels, necessitating the matching process
described in the Statistical Analysis section. As previously
mentioned, 13 chemoembolization patients did not have a
comparable patient in the nonchemoembolization group
with respect to the propensity score; the same held true for
9 patients in the nonchemoembolization group. In the
subcohorts obtained after the removal of these patients, the
chemoembolization and nonchemoembolization patients
were found to be matched in all variables listed in Table 1.
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Table 2 Treatment and survival data for the control (nonchemoembolization) and test (chemoembolization) groups®

Treatment and survival All patients (N = 65) No treatment (N = 43) Treatment (N = 22) p value
Weeks from DoDx to DoL. (median, 25%-75%) 7 (1-15) 7 (0-16) 7 (1-11) 0.886
Weeks from DoDx to DoTx (median, 25%-75%) 27 (14-62) 28 (14-67) 27 (18-58) 0.957
Weeks from DoL to DoTx (median, 25%-75%) 19 (8-40) 20 (6-47) 17 (9-28) 0.930
Weeks from DoL to DoDrpf (median, 25%—-75%) 29 (23-44) [N = 7] 28 (22-40) [N = 6] 132 [N = 1] 0.286
Two-year survival from DoDx (% median + SE) 68.6 £ 5.3 63.7 £ 69 76 .0 £8 0.244
Two-year survival from DoL (% median £ SE) 643 £ 55 573 £ 7.1 76.0 = 7.9 0.078
Reason for drop off (tumor progression/liver failure/other) 5/2/1 4/2/1 1/0/0 N/A

DoDrpf = date of drop off

* The data were calculated after those patients without a propensity-comparable counterpart were removed, i.e., the two groups were matched in
all variables. There was no difference between the two groups regarding how long they waited to be listed for a transplant or how long they spent
on the transplant wait list. A median of 7 weeks elapsed for both groups from DoDx to DoL. The nonchemoembolization group had a 28-week
wait from DoDx compared with 27 weeks for the chemoembolization group (p = 0.957) to receive a transplant. Because none of the groups
reached median survival at time of analysis, we calculated the 2-year survival probabilities. Survival was no different between the two groups
measured either from DoDx, DoL or DoTx, although treatment group showed a tendency for longer survival. The last row describes the cause of

drop off before transplantation for the two groups
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Fig. 2 Kaplan—-Meier survival curves (time in months). There was no
statistically significant survival difference between the nonchem-
oembolization (dashed) and chemoembolization (solid) groups.
Survivals are from date of listing. Two-year survival for the
nonchemoembolization group was 57.3% 4 7.1% and for the
chemoembolization group was 76.0% + 7.9% (p = 0.078 from
DoL). Although the median survival has not been reached yet, it
appears to be >5 years. Vertical bars are 95% confidence intervals

Median time from day of diagnosis (DoDx) to the day of
listing (DoL) was 7 weeks for both the chemoembolization
and nonchemoembolization group. In addition, there was
no statistically significant difference in the time from
DoDx to day of transplant (DoTx) or from DoL to DoTx
between the chemoembolization and non chemoemboliza-
tion group (Table 2). The overall Kaplan—Meier survival
curve is shown in Figure 2.

@ Springer

Drop-Off Risk

Seven of 52 patients (13.5%) from the nonchemoemboli-
zation group and 1 of 35 (3%) from the chemoembolization
group dropped off the transplant list before receiving a
transplant. After rendering the groups comparable as
described above, s drop-off patients remained in the non-
chemoembolization group, and 1 patient remained in the
chemoembolization group. The risk of dropping off the
transplant waiting list was greater for the nonchemoembo-
lization group versus the chemoembolization group (15%
vs. 3%, p = 0.040) (n = 65). Figure 3 shows the risk of
dropping off the liver transplant waiting list at 4-month
intervals for the patient group that was on the list for a
minimum of that time. Median survival was not reached yet;
therefore, we calculated and compared 2-year survival
probabilities. Although the treatment group showed better
2-year survival, it was not statistically significant (Table 2).
This was likely due to our study being underpowered for
survival analysis. Finally, the Kaplan—-Meier curve with
end-point being dropping off the list is shown in Fig. 4.

Sample Size and Power

By using the simulation distribution of the estimator D, we
calculated p = 0.04. As described in the Sample Size
Calculation section, we calculated the z-value corre-
sponding to a two-sided p-value to be z = 2.05. Using also
the observed values of the drop-off risks we calculated
D = logit(0.15) — logit(0.03) = 1.74. (Observed sample
sizes are n = 43[non-TACE] + 22[TACE] = 65).
Because the z-value = 1.74*\/{65*inf0(1)} = 2.05, then
info(1) = 0.02. Using the above-described approximation,
the power of a study with sample size n to detect a difference
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The difference is statistically significant (p = 0.04). As waiting time
gets longer, fewer patients are included in the risk calculation, and
risk differences become statistically nonsignificant, i.e., p continu-
ously increases
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d in the logit scale is 1 — ®(1.96 — d*\/(n*infol)). The
overall risk of drop off is reported to be approximately 22% in
the literature [7]. With 65 total patients (and the same ratio in
TACE vs. non-TACE), the power to detect a risk decreased to
3% (as we did) would have been estimatedas 1 — ®©(1.96 —
[d = logit(.22) — logit(.3)]*\/{65*info(1 )} = 74%. Other-
wise put, a sample size of 65 is needed to provide the statis-
tical analysis with 74% probability of detecting that decrease
in drop-off risk.

Discussion

The expected increase in cirrhosis and HCC (due to
increasing incidence of hepatitis C virus and non-alcoholic
steatohepatitis [26, 27]) in the foreseeable future, coupled
with the lack of available livers for transplantation, will
inevitably prolong the transplant waiting times for patients.
It is important therefore to design treatment protocols that
better select patients for liver transplantation and decrease
the drop-off risk of such patients. Chemoembolization has
been identified as a treatment strategy that could possibly
accomplish both objectives [5, 10, 11, 16, 17].

Approximately half of the HCC patients who drop off
the transplant list do so as a result of tumor progression [3].
Locoregional interventions may decrease the risk of drop
off by prolonging time to disease progression, i.e., keeping
the patient within Milan or San Francisco criteria. The
post-MELD annual risk of drop out risk for patients with
HCC is 20% to 27% [3, 28-30]. The median time to
transplant is 64 days compared with only 46 days for all
patients [3]. Indeed, the post-MELD era has placed HCC
patients at a disadvantage, with HCC patients having a
significantly longer time to transplant [31]. The introduc-
tion of exception-points for HCC has mitigated this prob-
lem and resulted in a decreased risk of drop off and
increased posttransplant survival rates [31] for patients
with HCC.

Many studies looking for potential benefits of chemo-
embolization in patients awaiting a liver transplant for
HCC are inconclusive or contradictory, partly because of
lack of stratification. For example, chemoembolization
cannot reasonably be expected to affect the drop-off rate of
patients who are high on the transplant list because the
waiting time is short. Similarly, chemoembolization is of
doubtful benefit if a patient is on the transplant list for an
extended period of time due to high risk of disease pro-
gression. In contrast, studies in which patients are stratified
appropriately have shown that chemoembolization indeed
benefits such patients.

Literature suggests chemoembolization improves post-
transplant survival but only if the transplant waiting time is
between 4 and 9 months [20, 22]. Furthermore, chemo-
embolization appears to improve the 5-year posttransplant
survival for patients whose HCC is >2 cm (vs. <2 cm;
78% vs. 37% respectively; p = 0.016) [11], presumably
because they are closer to the Milan criteria limit for size.
Response to chemoembolization also appears to be a
positive predictive factor for posttransplant survival.
Patients who demonstrate EASL or RECIST response show
better posttransplant survival compared with their coun-
terparts who show no response to chemoembolization
(1-, 2-, 5-year survival = 89%, 85%, 85% versus 89%,
77%, 64% versus 69%, 51%, and 51%) [9]. Explants show
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a rate of complete tumor necrosis between 28% and 46%
after chemoembolization [8, 10, 11, 16]. Another study
showed that response to chemoembolization is a positive
predictor, with a 5-year survival rate of 94% versus only
35% for those whose disease progressed while on chemo-
embolization treatment [5, 6, 17, 21].

Adding to the above-mentioned possible benefits of
chemoembolization, our study concludes that it signifi-
cantly decreases the risk of dropping off the liver transplant
list for patients with HCC. This risk decrease from 15% to
3% represents an absolute risk decrease of nearly 80%
(p = 0.04). Figure 3 shows the risk decrease while on the
liver transplant list. Not all patients, however, are expected
to benefit equally. On one end of the spectrum are patients
with high MELD scores and blood types that make their
transplant waiting time <4 months. Such patients would
likely not benefit from chemoembolization. Similarly,
patients with living related donors should not risk delaying
the transplant time by being treated with chemoemboliza-
tion. On the other end of the spectrum are patients with low
MELD scores and/or other factors that will likely prolong
their waiting time. According to Figure 3, patients in our
study waiting >20 months for a liver transplant were
unlikely to benefit from chemoembolization. Although the
exact time period was not accurately defined, it follows
from our data as well as the literature mentioned above that
the benefit of chemoembolization is lost if a patient has to
wait too long to receive a liver transplant. The benefit in
question, however, is the decrease in the risk of dropping
off the waiting list. It should be remembered that chemo-
embolization does confer a survival advantage to nonre-
sectable patients, which should still be applicable to those
who drop off the transplant list.

Differences in survival (whether calculated from DoDx,
DoL, or DoTx) between the treatment and nontreatment
group are not statistically significant. However, the treat-
ment group had a strong tendency toward longer survival
despite the fact that patients in that group had poorer sur-
vival predictors (i.e., more tumors and larger tumors). The
lack of statistically significant difference is likely due to
lack of power.

Limitations

There are certain limitations to our study. It is a retro-
spective study and may suffer from biases beyond our
ability to control. Another shortcoming is the lack of
blood-group stratification. Although blood group is an
important predictor for how long a patient awaits on the
liver transplant list, we believe this was not a significant
bias in our study for two reasons. First, none of the other
variables are correlated with blood type and therefore we
expect the blood types to match between the two groups.

@ Springer

This is of course not certain. Second, and more impor-
tantly, the waiting time between the two groups was not
different; therefore, even if the two groups were not mat-
ched for blood type, it should not have had an effect on the
drop-off risk. The final limitation was that we included a
small number of patients from 2001 (n = 7), which was
before the use of MELD for allocation. We do not expect
this to have had an impact on our conclusion because of the
small number of patients and the fact that MELD scores
were matched between groups.

A prospective, randomized study is required to define
the exact benefit of chemoembolization. Based both on
related literature and our data, patients expected to be on
the liver transplant wait list >4 months [20, 23] should be
considered for such treatment.
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