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Conclusions

The percentage drop in αfp and a shorter time from 
the final tace treatment to transplantation signifi-
cantly predicted improved overall survival after lt 
for hcc downsized with tace. As a serum marker, αfp 
should be followed when tace is used as a strategy to 
stabilize or downsize hcc lesions before lt.
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1. INTRODUCTION

The incidence of hepatocellular carcinoma (hcc) in 
North America has nearly doubled since the early 
1990s, paralleling the rising incidence of hepatitis C 
virus–related cirrhosis1–3. Hepatocellular carcinoma 
is often diagnosed late and has a 5-year survival rate 
of 11% in the United States4.

Transplantation is a therapeutic option unique to 
hcc among malignancies, having been brought to the 
forefront in 19965. Transplantation has been adopted 
as standard practice when a patient has both under-
lying liver dysfunction and hcc fulfilling the Milan 
criteria (single lesion ≤ 5 cm, or 2–3 lesions ≤ 3 cm)5. 
Some centres—for example, San Francisco6 (tumour 
volume < 115 cm3) and, most recently, Toronto7—have 
extended those criteria. Liver transplantation for ad-
vanced hcc using poor tumour differentiation on biopsy 
as an exclusion criterion is also practiced, because this 
approach better correlates with pre-transplantation 
radiology, potentially includes a greater number of 
candidates, and has comparable survival outcomes8. 
However, it is thought that the foregoing criteria may be 
too restrictive, because hcc tumour biology is variable 
and does not necessarily correlate with size.

ABSTRACT

Background

Downsizing strategies are often attempted for pa-
tients with hepatocellular carcinoma (hcc) before 
liver transplantation (lt). The objective of the pres-
ent study was to determine clinical predictors of 
favourable survival outcomes after transarterial 
chemoembolization (tace) before lt for hcc outside 
the Milan criteria, so as to better select candidates 
for this strategy.

Methods

In this retrospective study, patients with hcc tu-
mours either beyond Milan criteria (single lesion > 
5 cm, 3 lesions with 1 or more > 3 cm) or at the up-
per limit of Milan criteria (single lesions between 
4.1 cm and 5.0 cm), with a predicted waiting time 
of more than 3 months, received carboplatin-based 
tace treatments. Exclusion criteria for tace included 
Child–Pugh C cirrhosis or the presence of portal 
vein invasion or extrahepatic disease on imaging. 
Only patients without tumour progression after tace 
underwent lt.

Results

Of 160 hcc patients who received liver grafts be-
tween 1997 and 2010, 35 were treated with tace 
preoperatively. The median of the sum of tumour 
diameters was 6.7 cm (range: 4.8–8.5 cm), which 
decreased with tace to 5.0 cm (range: 3.3–7.0 cm) at 
transplantation (p < 0.0004). The percentage drop 
in alpha-fetoprotein (αfp) was a positive predictor 
(p = 0.0051) and the time from last tace treatment to 
transplantation was a negative predictor (p < 0.0001) 
for overall survival.
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A novel prognostic model, based on individual 
tumour characteristics, has been developed to more 
precisely identify patients beyond Milan criteria 
who could benefit from transplantation9. Trans-
plant centres have also used chemoembolization 
to attempt to downsize large or multiple tumours 
that do not conform to Milan criteria, permitting 
subsequent liver transplantation. This downsizing 
strategy has been successful in carefully selected 
patients, showing survival rates comparable to those 
achieved with transplantation within the Milan 
criteria6,10–13. However, the waiting time for trans-
plantation is especially crucial in hcc, and studies 
revealed a high dropout rate because of progression 
in tumour size14,15.

The Milan criteria do not integrate response to 
tace treatment, and hence the goal of the present 
study was to assess whether dynamic changes in 
clinical and laboratory parameters such as alpha-
fetoprotein (αfp) might predict tumour stabilization 
or response to tace as a modality to downsize hcc 
before liver transplantation. Establishing such pre-
dictors of success might lead to improved outcomes 
after transplantation.

2. METHODS

2.1 Patients

Patients were included in our retrospective study if 
they were treated with tace before liver transplanta-
tion, having met one of these criteria6,14:

• Single lesion greater than 5 cm
• Three hcc lesions, with one or more being greater 

than 3 cm
• More than 3 hcc lesions
• Just within all of the foregoing criteria, with a 

tumour at risk for aggressive tumour biology 
(rapid growth of more than 2 cm within 6 months 
or size greater than 4 cm, with expected wait for 
transplantation of more than 3 months)

Patients were excluded from consideration of 
tace in the presence of portal vein invasion or extra-
hepatic disease based on chest, abdomen, and pelvis 
computed tomography (ct) imaging, gallium scan, 
and bone scan. Additionally, patients deemed not 
to be fit for transplantation and those with Child–
Pugh C cirrhosis were excluded. After transplanta-
tion, patients were followed by the transplant team, 
which included the transplant surgeon, transplant 
hepatologist, and transplant nursing coordinator.

The diagnosis of hcc was established based on

• a new mass on ct imaging in a patient with cirrho-
sis, associated with elevated or rising serum αfp;

• a mass compatible with hcc on ct imaging, cor-
roborated by magnetic resonance imaging (mri) 

or ethiodized oil (Lipiodol: Guerbet Group, Paris, 
France) ct; or

• a hepatic mass increasing in size on serial imag-
ing in patients with underlying cirrhosis.

All tumour measurements were standardized and 
performed by an experienced imaging team using 
multiphasic ct–mri, with thin cuts through the liver, 
combined with ultrasonography (us) in a standardized 
protocol. Ethics approval to conduct the study was 
obtained from the McGill University Health Centre 
Institutional Research Ethics board.

2.2 Treatment Protocol

In at-risk hcc patients, tace was used to stabilize 
disease and prevent its progression during the wait 
for liver transplantation. Hepatic vascular anatomy 
was assessed by cross-sectional imaging (ct–mri) 
and corroborated using a superior mesenteric 
artery or splenic artery angiogram (or both). The 
hepatic artery was catheterized, and an emulsion 
prepared using carboplatin (300 mg/m2: Fauld-
ing Canada, Montreal, QC), 10 mL ethiodized oil 
(Lipiodol Ultra-Fluid: Guerbet Group), and iodine 
contrast was injected selectively into the arterial 
branches feeding the hcc tumours. The emulsion 
was injected slowly under fluoroscopic monitoring. 
Subsequently, the arterial branches were embolized 
using small gelatin pellets (Gelfoam: Pharmacia 
and Upjohn, Mississauga, ON). Before liver trans-
plantation, chemotherapy was thus delivered every 
4–6 weeks via embolization of the hepatic artery 
branches supplying the tumour or tumours. The goal 
of the treatment was to restrict arterial flow without 
causing total obstruction or reflux of drug into areas 
of unaffected liver. Antibacterial prophylaxis with 
ciprofloxacin (500 mg twice daily) was given for 5 
days. Each patient received tace treatments for as 
long as viable tumours appeared on imaging studies 
(ct or mri, as evidenced by persistent enhancement 
with contrast) or αfp failed to drop16.

Baseline assessment in the patients consisted 
of physical examination; laboratory tests, includ-
ing serum αfp; and imaging, including abdominal 
ct and us. Upon starting tace treatment, serum αfp 
was determined monthly. Abdominal us and ct were 
performed every 4–6 weeks to follow the response to 
tace. Only patients with stable or decreasing tumour 
size were placed on the transplant list. If patients 
experienced acute decompensation during the tace 
treatments or showed no response by any of the im-
aging criteria, they were not offered transplantation.

Baseline tumour size was defined as the sum 
of the maximum diameters of all lesions noted ini-
tially in imaging. Final tumour size was defined as 
the sum of the maximum diameters of all lesions 
identified during histopathologic examination of the 
explanted specimen (including lesions not identified 
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preoperatively). Change in tumour size is expressed 
as a percentage of baseline size over final tumour 
size. Similarly, change in serum αfp is expressed as 
a percentage of the baseline level.

Because ethiodized oil was used for the chemo-
embolization treatment, contrast uptake from the 
tumour during follow-up ct imaging was not thought 
to be a sensitive criterion for changes in tumour size. 
Nevertheless, ct evidence of tumour progression was 
an indication for further diagnostic work-up with 
mri, which has high sensitivity for hcc staging17–19.

After liver transplantation, each patient under-
went serial serum αfp measurements. Plain chest 
radiography and us were performed every 6 months 
for 3 years and then annually. Any evidence of dis-
ease recurrence, demonstrated by a rise in serum 
αfp or a mass evident on imaging, prompted a full 
metastatic work-up. Figure 1 depicts the algorithm 
of the study protocol, accounting for all patients 
undergoing downsizing tace.

The preoperative clinical diagnosis of hcc was 
cross-validated with the pathology findings in all 
transplanted patients. An experienced liver pathologist 
examined all explanted liver specimens. The num-
ber of tumours, the maximum tumour diameter, the 
histologic grade (modified Edmonson criteria)20, and 
the presence of microvascular invasion were noted. 
Pathologic staging used in the study was based on the 
classification of the International Union Against Can-
cer and the American Joint Committee on Cancer21.

2.3 Statistical Analysis

Statistical analysis was performed using the SAS 
software application (version 9.2: SAS Institute, 
Cary, NC, U.S.A.). The percentage drop in serum 
αfp was calculated as:

(serum αfp before tace – serum αfp 
just before transplantation) /

serum αfp before tace × 100.

Survival in tace-treated patients was compared 
with survival in patients whose hcc was within and 
outside the Milan criteria and who did not undergo 
tace before liver transplantation.

One-way anova and independent t-test were used 
to measure change in continuous variables. Wilcoxon 
nonparametric testing was used for asymmetrically 
distributed variables. Logistic regression was used to 
assess the true associations of variables with recur-
rence and survival. Survival rates were calculated 
using the Kaplan–Meier method. A value of p < 0.05 
was considered statistically significant.

3. RESULTS

3.1 Patient Demographics

Between 1997 and 2011, 35 patients underwent tace 
for hcc before liver transplantation at the McGill 

figure 1 Flowchart of patients having undergone liver transplantation for hepatocellular carcinoma at the McGill University Health 
Centre. tace = transarterial chemoembolization; rfa = radiofrequency ablation.
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University Health Center Liver Transplant Program 
(Figure 1). All were followed after transplantation.

Table i shows the demographic characteristics 
of the patient cohort. Mean age of the liver graft 
recipients was 61.7 ± 7.2 years, and 65.7% of the 
patients receiving grafts had hepatitis C or B as the 
underlying cause of their liver disease. Cirrhosis 
was present in 91.4% of patients.

3.2 HCC and Downsizing with TACE

Most patients (48.6%) had stage ii hcc (by TNM stag-
ing), with 42.9% having stage iii disease, and 8.6%, 
stage i disease (Table ii).

The median of the sum of tumour diameters 
at baseline was 6.7 cm (range: 4.8–8.5 cm), which 
decreased with tace to 5.0 cm (range: 3.3–7.0 cm) 
at transplantation (p < 0.0004). Micro- or macro-
vascular invasion was present in 31.4% of explant 
specimens. Recurrent hcc was diagnosed in 25.7% 
by newly detectable serum αfp in addition to con-
firmatory findings on imaging performed as part of 
the routine post-transplantation follow-up. Patients 

had received a median of 2 tace treatments (inter-
quartile range: 1–3 treatments), with 28.2% receiving 
1 treatment; 25.6%, 2 treatments; and 46.2%, 3–4 
treatments. Concomitantly with tace, 5 patients 
received systemic chemotherapy, which was part of 
the practice in the late 1990s. One patient received 
4 alcohol-injection treatments in addition to a single 
tace treatment, which together succeeded in down-
sizing the tumour. In addition to tace treatments, 2 
patients received focused external-beam radiation 
therapy once, and 3 patients received a single radio-
frequency ablation (rfa) treatment followed by tace 
for residual tumour post-ablation.

The median αfp level before tace was 43 ng/mL 
(range: 8.6–118.3 ng/mL), which decreased after tace 
to a median of 14.5 ng/mL (range: 5.7–33 ng/mL; 
p = 0.0003). The difference translated into a 43.0% 
drop in serum αfp, which correlated with less hcc 
recurrence (p = 0.012) and a trend toward improved 
overall survival (p = 0.086). The number of tace 
treatments (p = 0.04) and age (p = 0.0006) were also 
significantly associated with the slope of the drop in 
serum αfp. However, when logistic regression was 

table i Baseline demographic and clinical characteristics of the 
liver transplant recipients

Characteristic Value

Patients (n) 35
Sex [n (%)]

Men 31 (88.6)
Women 4 (11.4)

Mean age (years) 61.7±7.2
Follow-up (months)

Mean 27±22
Range 1–72

Mean bmi (kg/m2) 26.5±4.4
Cirrhosis [n (%)]

Present 32 (91.4)
Cause

Hepatitis C virus 15 (42.9)
Hepatitis B virus 8 (22.9)
nash 8 (22.9)
aat deficiency 1 (2.9)
Autoimmune hepatitis 1 (2.9)
Hemochromatosis 1 (2.9)

Mean meld score 21.1±1.8
Serum αfp (ng/mL)

Median 43
Range 8.55–118.25

bmi = body mass index; aat deficiency = α1-antitrypsin deficiency; 
nash = nonalcoholic steatohepatitis; meld = model for end-stage 
liver disease; αfp = alpha-fetoprotein.

table ii Histopathologic features of hepatomas in 35 patients 
undergoing liver transplantation after transarterial chemoemboli-
zation (tace) treatment

Feature Value

Lesions [n (%)]
Single 9 (25.7)
Multiplea 26 (74.3)

Sum of tumour diameters (cm)
Before tace

Median 6.7
Range 4.8–8.5

After tace (in explant)
Median 5.0
Range 3.3–7.0

Pathologic TNM [n (%)]
i 3 (8.6)
ii 17 (48.6)
iii 15 (42.9)
iva 0 (0)

Histologic grade [n (%)]
1 5 (14.3)
2 na

3 na

Lymph node involvement [n (%)] 2 (5.7)
Invasion [n (%)]

Microvascular 11 (31.4)
Macrovascular 0 (0)

a Defined as 2–8 lesions.
na = not interpretable because of necrosis.
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performed, none of the foregoing variables were 
found to be predictive of the serum αfp slope.

3.3 Liver Transplantation

The median wait time between the last tace treatment 
and the date of transplantation was 76 days (range: 
34–167 days). The average cold ischemia time of the 
transplanted organs was 8. 8 ± 3.0 hours, with a donor 
risk index of 1.54 ± 0.33.

3.4 HCC Recurrence and Predictors of Recurrence-
Free Interval

Of the 35 patients, 9 (25.7%) experienced hcc recur-
rence at a median of 701 days after transplantation 
(interquartile range: 182.75–1536 days). In an effort 
to identify predictors of hcc recurrence after liver 
transplantation, we analyzed the predictive value of 
pretransplant serum αfp, demographic variables, and 
other clinical characteristics.

On univariate analysis, the cause of liver disease 
(p = 0.033), the pathology grade of hcc (p = 0.012), 
receipt of systemic chemotherapy before transplanta-
tion (p = 0.036), cold ischemia time (p = 0.02), and 
serum αfp exceeding 1000 ng/mL before transplanta-
tion (p = 0.008) were all significantly associated with 
recurrence. When subjected to a multivariate logistic 
regression analysis, only a preoperative serum αfp 
exceeding 1000 ng/mL (p = 0.033) and cause of liver 
disease (p = 0.042) were found to be predictive of 
hcc recurrence. The model held significance with a 
p value of 0.0025.

3.5 Patient Survival Analysis

After transplantation, survival in all patients whose 
hcc tumours were downsized with tace was 88%, 
78%, and 50% at 1, 3, and 5 years respectively. 
Those survivals are comparable to those for patients 
with hcc within the Milan criteria (Figure 2). In the 
univariate analysis, the percentage drop in αfp (p = 
0.039), the time elapsed between the final tace and 

transplantation (p < 0.0001), sex (p = 0.003), age (p = 
0.0001), body mass index (p = 0.0001), the presence 
of a single hcc lesion (p = 0.021), cold ischemia time 
(p = 0.0003), and donor risk index (p = 0.004) were 
significantly associated with overall patient survival. 
The logistic regression model revealed that the per-
centage drop in αfp (p = 0.0051) and a shorter elapsed 
time between the final tace and transplantation (p < 
0.0001) were predictive of improved overall survival. 
The model was significant with a p value of 0.0015. 
As shown in Figure 3, patients with a drop in αfp 
exceeding 50% had a median survival of more than 
8 years; the remaining patients, with a drop in αfp 
of less than 50%, survived for a median of 2.5 years 
(p = 0.031).

4. DISCUSSION

The variability in hcc tumour biology makes 
treatment of this malignancy using a “one size fits 
all” approach difficult. Liver transplantation in hcc 
patients beyond the Milan criteria has been shown 
to achieve outcomes comparable to those for patients 
within the Milan criteria when the total tumour vol-
ume is less than 115 cm3 and when less aggressive 
tumours can be downsized as defined by response 
to tace in selected patients. Thus, it appears that 
neoadjuvant therapy can expand the criteria under 
which liver transplantation can be offered to patients 
with hcc. However, treatment with tace to stabilize 
or downstage a tumour is often performed without a 
clear idea of the tumour’s biology. Through sampling 
error, even routine biopsies of hcc can fail to provide 
precise information about the tumour’s characteris-
tics and differentiation, given that not all parts of the 
same tumour mass necessarily demonstrate the same 
histologic grade22. Treating patients with hepatomas 
beyond the Milan criteria with tace therefore permits 
dynamic selection of tumours with more favourable 
biology and might predict whether a good outcome 
can be expected after transplantation.

We hypothesized that a reduction in serum αfp 
might be able to be used as a surrogate for hcc tumour 

figure 2 Survival of hepatocellular carcinoma (hcc) patients 
downsized with transarterial chemoembolization compared with 
that of patients within and outside the Milan criteria.

figure 3 Median survival of hepatocellular carcinoma (hcc) pa-
tients with drop in serum alpha-fetoprotein (αfp) greater and less 
than 50%.
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biology and response to tace. In our cohort of hcc pa-
tients, the percentage drop in serum αfp and a shorter 
wait time between the final tace and transplantation 
were strongly predictive of survival after liver trans-
plantation. Those findings indicate that the trend in 
serum αfp during tace treatment can be used to gauge 
whether a liver graft would produce a favourable sur-
vival outcome in a specific patient. We also found that 
the presence of a preoperative αfp exceeding 1000 ng/
mL predicts hcc recurrence after transplantation regard-
less of a significant drop during tace treatment, indicat-
ing that even this approach has its limitations. Because 
a longer wait time between tace and transplantation 
was associated with decreased survival, some type 
of prioritization of these patients might be warranted.

Successfully targeted tace should lead to a 
decrease in the amount of viable tumour, but cor-
responding changes in size on cross-sectional imag-
ing may lag behind. Given that a diminished viable 
tumour burden is known to correlate with a decline 
in serum αfp23,24, serum αfp may be a more rapid 
indicator of the type of response produced by tace. 
If serum αfp fails to decrease, then one of three fac-
tors is possible:

• Technical or anatomic issues are preventing the 
treatment from reaching the tumour.

• The tumour has a very aggressive biology and is 
not affected by the treatment. In fact, poor tumour 
differentiation has been used as a criterion to ex-
clude patients with downstaged advanced hcc from 
transplantation, with excellent survival rates7.

• Undetected tumours are present in other parts of 
the liver or outside the liver, or both.

All of those factors would preclude patients 
from liver transplantation, because outcomes would 
be poor. Thus, the change in serum αfp during a tace 
protocol might select patients who are most likely 
to benefit from transplantation.

We initially started performing the tace proce-
dure at our institution to downstage hcc or to prevent 
hcc disease progression. On the basis of stabilization 
or response, the decision was made to transplant. 
Instituting a carboplatin-based tace protocol for pa-
tients with hcc tumours exceeding Milan criteria, just 
within Milan criteria, or seen to be rapidly growing 
on sequential imaging results in a larger number of 
candidates proceeding to transplantation with excel-
lent outcomes, as our study shows.

Many transplant programs have noted that not 
all patients whose tumours are beyond Milan have 
a dismal outcome after transplantation, and they 
would like to offer the opportunity for transplan-
tation to this subcategory of patients; however, the 
challenge has been to identify and characterize this 
specific group.

Several research groups have used neoadjuvant 
treatments to address this challenge. A prospective 

study by Yao et al.6,14 downsized large-volume hcc 
to achieve conventional Milan criteria before liver 
transplantation. Those authors carefully selected 
eligible patients who had a single lesion of 8 cm 
maximal size or up to 3 lesions no greater than 
5 cm in diameter. Downsizing with tace or rfa was 
achieved in 43 of 61 patients, who then went on to 
transplantation. No hcc recurred, and the 4-year 
survival rate was excellent at 92.1%. A pretreatment 
serum αfp exceeding 1000 ng/mL was discovered 
to be predictive of treatment failure. The authors 
concluded that the upper limits of tumour size and 
number, together with criteria for response to tace, 
had to be strictly enforced to achieve these stellar 
post-transplantation outcomes. A second smaller 
study by Chapman et al.10 enrolled 76 stage iii/iv 
hcc patients and was able to downstage 18 of them 
to Milan criteria using tace. Of those 18 patients, 
16 were alive at 20 months after transplantation, 
and 1 patient experienced hcc recurrence (1 patient 
died from an unrelated cause). A prospective Ital-
ian study enrolled 48 hcc patients slightly beyond 
the Milan criteria (1 tumour ≤6 cm in diameter; 
or multiple tumours with none ≤5 cm and the sum 
diameter ≤12 cm) for a downsizing protocol. The 
recurrence-free survival rates were comparable for 
the downsized and Milan-criteria groups, with sur-
vival rates of 78% and 80% respectively at 1 year, 
and 71% and 71% at 3 years.

Radiofrequency ablation has also been tested 
on its own for downsizing to respect the Milan 
criteria5. A proof-of-concept study used rfa to 
downsize hccs to T2 from T3 in 19 of 34 patients, 
achieving a 1-year survival of 84% and a 3-year 
survival of 27%25. Radiofrequency ablation has 
also been directly compared with tace for success 
of downsizing, with 43 patients and a comparable 
median tumour diameter of 5.6 cm in each group. 
The 1-year recurrence-free survival was 89% for rfa 
compared with 73% for tace, and overall survival 
was 41.6 months compared with 19.2 months (p = 
0.008), favouring rfa26. In our patient population, 
a decreasing serum αfp after tace appears to result 
in post-transplantation survival rates comparable to 
those in patients within the Milan criteria.

The principal limitations of our study are those 
inherent to its retrospective nature. Also, the number 
of patients whose hcc tumours were downsized with 
tace was small, although the number was comparable 
to that in other studies evaluating tace for the purpose 
of downsizing hcc. Furthermore, 11 patients received 
additional treatments such as systemic chemotherapy, 
rfa, external-beam radiation, and ethanol injection in 
parallel with tace, which was nevertheless the com-
mon denominator in terms of the downsizing strategy. 
Given the clinical significance and utility of our find-
ings, the conclusions drawn merit further study in 
clinical practice. Although we noted that differences 
in the percentage change in serum αfp (above or below 
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a 50% decrease) assist in anticipating prognosis in 
patients after liver transplantation, validation in a 
larger cohort of patients is required before that finding 
can be applied in clinical practice.

5. CONCLUSIONS

Treatment of hcc tumours with tace has enabled trans-
plantation in a group of patients previously thought 
to be ineligible because of poor outcomes. Providing 
therapeutic tace sessions as part of our neoadjuvant 
treatment strategy allowed such patients to pass the 
valuable “test of time” in assessing the biologic behav-
ior of the tumour. In that context, our study revealed 
that the percentage drop in serum αfp is an excellent 
marker of response to tace and outcomes after liver 
transplantation, thus leading to a rational selection of 
patients who should go on to transplantation.
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