
Radioembolization Effects on Liver Function and Tumor 
Responses in Hepatocellular Carcinoma Patients

Transarterial radioembolization with 90Y (TARE) has 
increasingly become part of the therapeutic arma-

mentarium for locoregional therapy for patients with 
non-metastatic hepatocellular carcinoma (HCC) in recent 
years, owing to its effectiveness, relatively low toxicity[1-3] 
and comparable survival rates to transarterial chemoem-
bolization (TACE).[4-6] In addition it is relative safe com-

pared with TACE in patients with portal vein thrombosis 
(PVT).[7,8] Despite the burgeoning literature on its use, pre-
cise knowledge is still lacking concerning its mechanisms, 
predictors of response and resistance, optimal uses and 
combinations with other treatment modalities. There is 
also no accurate information on the speed to or durability 
of HCC responses. 

Objectives: Transarterial radioembolization with 90Y (TARE) is used as neo-adjuvant therapy for resection, liver transplant down-
staging, or frontline therapy for hepatocellular carcinoma (HCC) patients. There are few reports on its use from high-throughput 
liver transplant or HCC institutions in the developing world. 
To evaluate responses of both the liver and tumor to TARE in patients awaiting living donor liver transplant (LDLT).
Methods: HCC patients received TARE, and suitable patients then received LDLT or otherwise continued TARE till disease progres-
sion. CAT scans, liver lobe volumes and liver function tests were assessed at baseline and 3 months.
Results: Less than 10% of patients developed decreased blood albumin or platelets, or increase in total bilirubin or ALBI grade at 
3 months post TARE. Many patients with abnormal baseline liver values, had an increase in albumin (42.1% patients) and platelets 
(64.7% patients) or decrease in total bilirubin (71.4% patients) or ALBI grade (51.5% patients) at 3 months post TARE. To explain 
liver function improvements, lobar liver volumes were assessed and increased in the TARE-untreated, contralateral lobe (median 
17.46%) pre-Tx. AFP levels decreased in 81.8% of patients with elevated baseline AFP levels. Survival was longer in the TARE-Tx 
compared with unrelated TARE-non transplanted patients.
Conclusion: Liver toxicities were low, and many patients had early improvement in liver parameters post TARE.
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TARE has been shown to cause ipsilateral lobar or seg-
mental atrophy, together with corresponding contra-
lateral lobar hypertrophy, and is increasingly used as 
a safer substitute to portal vein embolization (PVE)[9, 10] 
for the preparation of patients for resection who have 
a potentially marginal future liver remnant (FLR) after 
resection.[11-14] We have explored these considerations 
in a series of patients who were treated with TARE for 
tumor control while being prepared for subsequent 
liver transplantation (LT). We performed targeted radio-
embolization therapy using either glass microspheres 
(Therasphere) or resin microspheres (Sirsphere), each 
containing radioactive 90Yttrium (90Y). A small propor-
tion of these HCC patients had some expected liver tox-
icities[15, 16] post TARE, but we also unexpectedly found 
patients whose liver function improved compared with 
baseline values, in addition to a decrease in serum lev-
els of alpha-fetoprotein (AFP) in patients who had ele-
vated baseline AFP levels. We found contralateral lobar 
hypertrophy on routine follow-up CAT scans compared 
to baseline pre-TARE scans, which may explain the liver 
function improvement. We also consider other explana-
tions and suggest new hypotheses for this, concerning 
tumor-microenvironmental interactions. If correct, this 
may enhance our ideas concerning the 2-way interac-
tions between HCC and its microenvironment. 

Methods
Thirty six unresectable patients with hepatocellular carci-
noma (HCC) were treated with TARE to maintain tumor con-
trol while preparations were being made for living donor 
liver transplantation (LDLT), TARE-Tx were retrospectively 
analyzed. 

Inclusion criteria: patients with an HCC diagnosis that was 
considered to be unresectable, age >18 years, absence of 
metastases, lung shunt <20%, prior informed consent for 
the radioembolization procedure and treatment; ECOG 
performance status <3 and adequate hematologic, renal 
and liver function tests for a safe interventional proce-
dure.

Demographic and clinical characteristics of the HCC pa-
tients analyzed for this study were: age, gender, pre-TARE 
and last (pre-transplant) alpha-fetoprotein (AFP) and liver 
function values, maximal baseline tumor diameter, number 
of tumors (1 versus >1) and presence or absence of macro-
scopic portal vein invasion by tumor (PVT) on the CAT scan. 
The primary objective of this retrospective analysis was to 
examine the responses of the treated liver by liver function 
tests, as well as of the HCC to therapy by serum AFP level 
and CAT scan changes (RECIST criteria) and to identify the 

development of any liver toxicities. Since we unexpectedly 
found improved liver function in several patients, we then 
retrospectively looked for  hypertrophy in the untreated 
contralateral liver lobe in the CAT scans. Radiographic liver 
volume and lobar assessment was performed by liver CAT 
scan at baseline and at 3 months post TARE, using Myrian 
imaging software, France.

The study protocol was approved by the ethical committee 
of the University institutional review board (IRB) for non-
interventional studies (2025/8125) for data collection and 
analysis, and conducted in adherence to the Declaration 
of Helsinki. Since this was a non-intervention retrospec-
tive study, patient informed consent was not required for 
the study evaluation, although each patient signed an in-
formed consent for the proceedure. 

Diagnosis of HCC was established by percutaneous biop-
sy or noninvasively based on presence of a hepatic mass 
greater than 2 cm diameter with characteristic imaging 
findings in the setting of liver cirrhosis as per EASL guide-
lines. Treatment was performed on an inpatient basis, and 
patients were typically not discharged home for 24 hr after 
the procedure for post-TARE safety observations.

Radioembolization Procedures
Patients were treated as per published guidelines[15-17] and 
underwent pre-treatment angiographic mapping of the 
abdominal aorta and hepatic arteries. Planar scans of the 
lung and liver area in anterior and posterior views were 
acquired after injection of 99mTc-labelled albumin mac-
roaggregated albumin (99mTc-MAA) into selected arte-
rial branches followed by SPECT (until 2006) or SPECT/CT 
scans. Radioembolization was delivered using Yttrium-90 
resin microspheres (SIR-Spheres; Sirtex Medical Limited, 
North Sydney, NSW, Australia) or glass microspheres Th-
erasphere, Boston Scientific, Boston MA, USA). Dose cal-
culating changed over time. Initially, the BSA method was 
used, but subsequently, personalized dosimetry planning, 
considering optimal absorbed doses by tumoral and non-
tumoral volumes was used by the treating interventional 
radiologist. 

Hepatic Volumetric Analysis
CT images (Somatom Definition, 256x256; Siemens Health-
ineers, GmbH, Erlangen, Germany) were used for volumet-
ric evaluation. According to routine dynamic hepatic CT 
protocol, pre-contrast, thin-slice scanning and non-ionic, 
contrast-enhanced arterial, portal, and hepatic phase thin-
slice scanning were performed. Automated volume calcu-
lation software used the data from the CT images to create 
estimated measurements.[17]
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Clinical Evaluation
Serum laboratory analysis included complete blood count, 
international normalized ratio, AFP levels and comprehen-
sive metabolic and liver panel were obtained at baseline 
and repeated at 1 and 3 months post TARE. Radioemboli-
zation-related toxicities were classified according to the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events (CTCAE) v6.0 and the assessment of ra-
dioembolization-induced liver disease.[18] Tumor responses 
were evaluated by mRECIST (modified Response Evaluaton 
in Solid Tumors) criteria. Tumor necrosis was assessed by 
microscopic estimates in 5% increments.

Statistical Analysis
The normality of the quantitative data was assessed by 
Shapiro-Wilk test. Mann-Whitney U test was used to com-
pare two independent groups and data were summarized 
by median (interquartile range). The distribution of the 
qualitative data was presented by count (percentage), and 
chi-square test was used for comparisons. Survival analyses 
were performed by Kaplan-Meier analysis, Log-rank test 
and univariate Cox regression analysis. The two-sided sig-
nificance level was considered as 0.05 in all analysis. Soft-
ware analysis was IBM SPSS Statistics for Windows, Version 
26.0 (Armonk, NY: IBM Corp.).

Results

Liver Function Changes After TARE in Pre-transplant 
(TARE-Tx) HCC Patients
Liver function changes after TARE treatment are shown in Ta-
ble 1, A-E. Results at 3 months post TARE showed a decrease 
in serum albumin levels in 8.3% percent of patients (Table 
1A), all less than grade 3 toxicity by CTCAE criteria.[18] Stable 
levels were seen in 69.4%  of patients. However, an improve-
ment or increase in serum albumin levels was seen in 22.2% 
of the total patient cohort, or in 42.1% of those patients (8 of 
19) who had low baseline <3.5 g/dL (abnormal) serum albu-
min levels (Table 1A, top row). There were similar findings for 
blood platelet levels, with 9.3% having decreased levels and 
34.4% of the total cohort having increased platelet levels, or 
64.7% of those patients (11 of 17) who had baseline throm-
bocytopenia <125 x103/µL, which is a reflection of portal 
pressure (Table 1B, top row) having increased platelet levels. 
Total serum bilirubin  levels were increased in 9.3% of the 
total cohort at 3 months, all less than grade 3 toxicity, and 
59.3% of patients had stable serum bilirubin levels. However, 
similar to the findings for albumin, 31.2% of the cohort had 
decreased  (improved) total bilirubin levels, which was 71.4% 
of those patients (10 of 14) who had increased baseline se-
rum total bilirubin levels of >1.5 mg/dL (Table 1C, bottom 

row). Similar results were seen for INR levels (Table 1D). ALBI 
levels were calculated, using MDCalc (www.mdcalc.com). A 
worsened (increased) grade was seen in 6% of patients at 3 
months post TARE, while 51.5% (17 of 33 patients) had an im-
proved (decreased) grade (Table 1E). Thus, there were some 
worsened liver function values, but a larger patient number 
had improvement in levels of albumin (increased), platelets 
(increased), total bilirubin (decreased), INR (decreased) and 
ALBI grade (decreased). The slight decrease in denominator 
patient numbers for INR and ALBI reflect some missing lab 
values.

Tumor Changes After TARE in Pre-transplant 
(TARE-Tx) HCC Patients
Baseline serum AFP levels were elevated in only 13 of 36 
patients (36%) of the cohort, a figure close to what we and 
others have previously found.[20, 21] Two of 11 patients (18.2%) 
had increased AFP levels within 3 months of TARE (Table 2A), 
whereas 9 of 11 patients (81.8%) had decreased AFP levels, 
mostly by >90% at 3 months after TARE in pre-transplant pa-
tients. CAT scan-based tumor changes at 3 months (post 1 
cycle of TARE) showed that 32.1% of the 36 patients had mi-
nor responses (RECIST criteria), with no partial or complete 
responses, but 60.7% of patients had decreased tumor vas-
cularity (Table 2B). The transplant pathology showed an av-
erage of 58.7% necrosis in the treated HCC specimens, with 
52% of patients having more than 75% of the tumor cells be-
ing necrotic (Table 2C). The variability of response by necro-
sis may also be a reflection of the wide time range between 
TARE and LDLT, being a mean of 6.3 months (range of 3 to 12 
months) and a median of 5 months.

Changes in Liver Lobe Volumes in Response to TARE
TARE has previously been shown to cause atrophy in the 
treated liver lobe and compensatory hypertrophy in the 
non-treated, contralateral lobe,[11-14] which has being used 
to prepare for liver resection in those patients who have 
potential marginal future liver remnants (FLR) post resec-
tion. Since embolization- induced contralateral liver hyper-
trophy has been thought to be associated with improved 
liver function,[21, 22] we considered whether similar hypertro-
phy might explain the liver functional improvements found 
post TARE in our patients. Lobar volume changes in treated 
right lobes and untreated contralateral left lobe volumes 
are shown in Table 4. The median treated right lobe atrophy 
was a volume decrease of -16.4%, with a wide range from 
-49.01 to -5.22 percent decrease (data not shown). In con-
trast, hypertrophy in the untreated left lobe had a median 
increase of 17.46% in volume, with a similarly large range of 
5.69 to 41.5% increase in the transplant (TARE-Tx) patients 
(Table 3).
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Survival After TARE in Transplant (TARE-Tx) and 
Non-transplant (TARE-no Tx) Patients

Survival time for the TARE-Tx patients was significantly 
better than for the TARE-no Tx patients, as expected, with 
median survival in the transplant group not yet reached, 
but with a mean of 2211.29±168.97 days, compared to a 
mean of 1002.05±137.49 days for the non-transplant group 

(Table 4). The hazard ratio for death for the TARE-no Tx pa-
tients was 6.140. 

Clinical Characteristics of TARE-Tx Compared with 
TARE-no Tx Patients
In order to try to understand the differences in the survival 
post TARE in the TARE-Tx versus the TARE-no Tx patients, 
we compared their blood biochemical and their tumor 

Table 1. Blood parameter responses post TARE in pre-transplant (TARE-Tx) patients

A. Albumin.	 Patients	 Baseline – 1 mo.	 Baseline – 3 mo.
TARE-Tx		  n (%)	 n (%)

*Increased 	 Baseline low	 9/21 (42.8)	 8/19 (42.1)
Increased		  9/36 (38.9)	 8/36 (22.2)
No change	 All	 24/36 (66.6) 	 25/36 (69.4)
Decreased		  3/36 (8.3)	 3/36 (8.3)

*denominator reflects only those patients with abnormal baseline values.

B. Platelets.	 Patients	 Baseline – 1 mo.	 Baseline – 3 mo.
TARE-Tx		  n (%)	 n (%)

*Increased 	 Baseline low	 10/17 (58.8)	 11/17 (64.7)
Increased		  10/36 (27.8)	 11/32 (34.3)
No change	 All	 24/36 (66.6)	 18/32 (56.2)
Decreased		  2/36 (5.5)	 3/32 (9.3)

*denominator reflects only those patients with abnormal baseline values

C. T. Bili.	 Patients	 Baseline – 1 mo.	 Baseline – 3 mo.
TARE-Tx		  n (%)	 n (%)

Increased		  4/36 (11.1)	 3/32 (9.3)
No change	 All	 19/36 (52.7)	 19/32 (59.3)
Decreased		  13/36 (36.1)	 10/32 (31.2)
*Decreased	 Baseline high	 13/16 (68.7)	 10/14 (71.4)

*denominator reflects only those patients with abnormal baseline values

D. INR.	 Patients	 Baseline – 1 mo.	 Baseline – 3 mo.
TARE-Tx		  n (%)	 n (%)

Increased		  1/32 (3.1)	 1/32 (3.1)
No change	 All	 28/32 (87.5)	 27/32 (84.3)
Decreased		  3/32 (9.3)	 4/32 (12.5)
*Decreased	 Baseline high	 3/7 (42.8)	 4/7 (57.1)

*denominator reflects only those patients with abnormal baseline values

E. ALBI	 Patients	 Baseline – 1 mo.	 Baseline – 3 mo.
TARE-Tx		  n (%)	 n (%)

Grade Increase		  2/35 (5.7)	 2/33 (6.0)
No change	 All	 18/35 (51.4)	 14/33 (42.4)
Grade Decrease		  15/35 (42.8)	 17/33 (51.5)

ALBI - Increased: 2 to 3(1);1 to 2(1). Decreased: 2 to 1 (10); 3 to 1 (5); 3 to 2 (2). Albumin, Platelets (A, B), improvements = increased level post TARE as % of low 
baseline level. Bilirubin, INR (C, D), improvements = decreased level post TARE as % of elevated baseline level. ALBI (E), improvement = decreased grade post 
TARE compared with baseline grade.
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profiles (Table 5). The 4 tumor characteristics were all more 
aggressive for the TARE-no Tx versus the TARE-Tx patients. 
Thus, AFP levels (median 13.34 versus 64.55 IU/mL), maxi-
mum tumor diameter or MTD (median 7.5 versus 5.5 cm), 
percentage of patients with PVT (63.6 percent versus 33.3 
percent) and tumor multifocality (66.6 percent versus 33.3 
percent of patients), were all significantly worse in the non-
transplant compared to the transplanted patients. These 
more aggressive tumor characteristic findings likely ex-

plain the reason why the TARE-no Tx patients could not be 
transplanted. Conversely, the liver function tests (total bili-
rubin, INR, GGT and platelets) were all significantly worse  
in the transplant group and liver transplantation is curative 
for liver failure. Interestingly, serum albumin levels were 
not significantly different, nor were the AFP levels signifi-
cant, despite their similar median values, probably due to 
the wide range of individual values.

Discussion
TARE therapy has increasingly been used as a bridge to 
liver transplantation in the treatment of HCC.[24-27] Several 
reports have shown that contralateral hypertrophy of the 
non-irradiated liver occurs following TARE.[3-6] This effect 
has been considered useful because TARE has been shown 
by others to provide both tumor control as well as induc-
tion of contralateral hypertrophy, to enable improved liver 
function for possible planned resection surgery. TARE has 
superceded portal vein embolization[9, 10] for this purpose, 
in part for its enhanced safety compared with emboliza-
tion, as well as for its concomitant tumoricidal actions. 
Although the current study did not involve resection, we 
were interested to see the  rapid changes in lobar liver vol-
umes and liver function tests post TARE, during the time 
these patients received TARE as a bridge to liver transplan-
tation. 

We found some grade <3, mainly transient liver toxicities, 
in line with the low percentage of these events reported by 
others[27-30] with less than 10% of patients having liver tox-
icities, mostly low grade and transient, as seen in changes 
in blood bilirubin, albumin, INR and ALBI score,[31-33] as well 
as platelets levels as a reflection of portal pressure (Table 1). 

We also noted improvement in liver function, particularly 
in patients with baseline abnormal liver tests. This is shown 
in Table 1 as an increase with respect to baseline abnormal 
low values in blood levels of albumin or platelets, or a de-
crease in total bilirubin levels or INR, with respect to abnor-
mal elevated baseline values. How might this improvement 
be explained? Others have shown an improvement in liver 
metabolic or other liver functions as a result of emboliza-
tion- or TARE- induced lobar hypertrophy.[34-37] Therefore we 
used specific software (Methods) to measure pre- and post-
TARE liver lobe volumes (Table 3) and found both treated 

Table 2. AFP and tumor responses post TARE in pre-transplant 
(TARE-Tx) patients

A.AFP.		  TARE-Tx (n=13)

	 Baseline – 1 mo.		  Baseline – 3 mo.
	 n (%)		  n (%)

Increased	 2/13 (15.4)		  2/11(18.2)
No change	 0		  0
Decreased	 11/13 (84.6)		  9/11 (81.8)

B.Tumor response by CAT		  TARE-Tx (n=28)
scan post TARE		  n (%)

Minor		  9 (32.1)
PR		  0
CR		  0
Stable		  19 (67.8)
Progression		  0
Vascular response		  17 (60.7)

PR: Partial response; CR: Complete response.

C.Transplant tumor		  TARE-Tx (%) 
pathology (% necrosis)

Range		  5-100
Average		  58.7
>75% necrosis		  52

Table 3. Pre-transplant liver lobe volumes pre and post TARE (left 
lobe hypertrophy)

	 Pre-TARE left	 Post-TARE left	 Change % left

Mean (mL)	 552.3	 657.6	 20.29
Median (mL)	 471	 629	 17.46
Min (mL)	 241	 312	 5.69
Max (mL)	 1203	 1378	 41.50

Table 4. Survival in TARE transplant (TARE-Tx) and TARE non-transplant (TARE-no Tx) patients

	 Survival (days)	 Survival (days)	 Log-Rank	 HR	 HR
	 Mean±SE	 Median±SE	 p	 (95% C.I.)	 p

TARE-no Tx (n=36)	 1002.05±137.49	 765.00±42.46	 <0.001	 6.140 (2.460-15.324)	 <0.001
TARE-Tx (n=36)	 2211.29±168.97	 NA		  reference
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right lobe atrophy (not shown) and contralateral untreated 
left lobe hypertrophy, the latter being a median of 17.46 
percent expansion in untreated lobar volume. This is in line 
with the reported degree of hypertrophy within 3 months 
in the untreated lobe in 6 studies, with a range of 7-57%.
[28] There has been discussion in the literature on the rela-
tionship between degree of liver hypertrophy versus liver 
functional increase, although any quantitative relationship 
is not yet clear.[35-36]

Tumor responses to TARE treatment were initially evaluated 
by measurement of serum alpha-fetoprotein levels, which 
have been shown to correlate well with TARE responses,[38, 

39] and then by CT scan. Over 80% of the patients with el-
evated baseline AFP levels had a response by 1 month, 
which proved durable at 3 months in the transplant pa-
tients (Table 2). This is in line with the massive AFP respons-
es reported by others, with 40-70% of patients showing a 
90% decrease in AFP levels.[38, 40] However, only 36% of our 
cohort had elevated baseline AFP values and thus AFP re-
sponses could not be evaluated in the other 64% of the 
patients. A similar range of findings was found by others 
in relationship to AFP response and outcomes.[41] The CAT 
scans showed minor responses in 32.1% of the patients in 
the transplant group, but this low response rate is to be ex-
pected after a single TARE session and only 3 months post 
treatment. 

Patients had a wide range of necrosis on transplant pathol-
ogy. Despite this, with 5-100 percent of tumor cells in dif-
fering patients having necrosis, only 52 percent of patients 
had more than 75 percent of necrotic cells on pathology 
exam, similar to other reports.[27]

The fact of so much variability in liver enzymes after TARE, 

with some patients having (mainly minor) toxicities, where-
as others showing an improvement in liver function, sug-
gests that multiple factors could be at play. The simplest 
explanation is the documented contralateral lobar hyper-
trophy,[21, 22, 34, 35, 42] which permits a greater surgical mar-
gin of safety for planned resection in patients with other-
wise uncertain post resection liver reserve/FLR. However, 
whether the observed 20 percent increase in untreated 
contralateral lobar mass is sufficient to explain an actual 
improvement in the liver function in some patients, has not 
yet been definitively addressed. 

Accordingly, other explanations might be considered. It is 
possible that TARE kills invasive, parenchyma-destroying 
cancer cells. Another possibility is that HCC cells may be 
secreting factors that have a negative influence on liver 
parenchyma. The concept of the liver microenvironment 
secreting growth and inflammation factors that influence 
the tumor is now well accepted. Yet the reverse concept is 
also plausible, given that cancer cachexia has been recog-
nized as a factor in advanced cancers[43-46] and cancer cells 
have been shown to secrete metabolic cytokines and other 
mediators of catabolism.[47] The speed of changes is also 
consistent with reports of decreases in peripheral lympho-
cyte levels within 24 hr of TARE.[48, 49] Hepatic immune cell 
changes within a few days of TARE have recently also been 
reported.[50] The improvement in liver function after region-
al liver radiation in a subset of patients reported here has 
also been observed by others.[34, 35, 51] Whole liver radiother-
apy for liver metastases has also been reported to result in 
improved liver function.[52]

The heterogeneity in response does not currently have a 
satisfactory explanation, especially given reports of an 

Table 5. TARE pre-transplant (TARE-Tx) and TARE non-transplant (TARE-no Tx) patient characteristics

		  TARE-Tx (n=36)			   TARE-no Tx (n=36)

Pre-treatment	 N		  Median (IQR)	 n		  Median (IQR)	 p

AFP	 36		  13.34 (114.8)*	 36		  64.55 (994.05)*	 0.110
ALB	 35		  3.3 (0.9)	 36		  3.2 (0.8)	 0.645
T.Bili	 36		  1.46 (1.36)	 36		  0.77 (0.59)	 0.001
INR	 36		  1.21 (0.37)	 35		  1.11 (0.2)	 0.007
Platelets	 36		  118 (106.25)	 36		  159 (120.5)	 0.025
GGT	 36		  105.5 (89.5)	 23		  144 (227)	 0.033
MTD (cm)	 36		  5.5 (5.3)	 36		  7.5 (4.0)	 0.008
MTD (cm) range			   2-15			   2.2-19.5	
PVT (Yes)	 12		  33.3%	 21		  63.6%	 0.025
Multifocality (Yes)	 12		  33.3%	 24		  66.6%	 0.002

*median AFP relates to those patients with elevated serum AFP levels. Tx: transplant; AFP: alpha-fetoprotein (IU/mL); ALB: albumin (g/dL); T. Bili, total 
bilirubin (mg/dL); GGT: gamma-glutamyl transferase (IU/mL); INR: international normalized ratio; platelets (109/L); MTD: maximum tumor diameter (cm); PVT: 
portal vein thrombosis (Yes).
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unclear correlation between degree of hypertrophy and 
relatvely greater improvements in liver function.[53, 54] This 
suggests the possibility of factors other than lobar volume 
expansion in explaining the liver function improvements 
post TARE. 

The survival data show that TARE followed by transplan-
tation resulted in better survival than TARE alone, as ex-
pected. TARE was used in a our transplant group because 
so many of this group were borderline or outside Milan 
criteria with respect to tumor size, levels of serum AFP or 
presence of branch PVT. TARE is also considered to be a rel-
atively safe (toxicities) and effective (decreased AFP levels 
and presence of necrosis on pathological examination post 
transplant) therapy and as a bridge to liver transplantation. 
The variability in time from TARE to transplant was a reflec-
tion of need to downstage the tumor or the requirements 
for procuring a donor liver in a country in which cadaveric 
organs are uncommon. However, the differences in survival 
between the transplanted and untransplantable patients 
could also have been attributable to the more aggressive 
and larger tumors in the untransplantable group. Thus, 
even without transplantation, the median survival of over 2 
years for TARE patients was superior to survival reported for 
Sorafenib in recent clinical trials.[23] However, the 2 groups 
were not entirely comparable (Table 5), as the non-trans-
plant patients had more aggressive HCC characteriststics, 
which made them non-transplantable.

Strengths and Weaknesses
This study adds to the literature on the incredible potential 
of the liver for regeneration and repair and to reports that 
radiation can cause both hepatototoxicity and also repair of 
liver damage, despite unclear mechanisms. It also implies 
that radioembolization appears increasingly attractive as 
a method for maintaining or diminishing HCCs during the 
wait for liver  transplantation, as well as the continued eval-
uation of TARE as a possible mode of tumor downstaging 
in patients who present beyond the current criteria for liver 
transplantation for HCC.  

There are also several limitations to this report, including 
its retrospective nature and the small numbers of TARE-Tx 
patients involved in this single institution study (n=36). 
Our post TARE evaluations, including serum liver param-
eters and AFP levels, CAT scan changes and pathology 
were measured at quite short times post TARE and thus 
likely under-estimate responses to therapy. Also, most of 
our patients were HBV-based and it is unclear how appli-
cable the findings are to HCCs of other etiologies. The fact 
that the AFP-positive patients were less than 50 percent of 
the total is a reminder that AFP positive and negative HCCs 
may have different biologies and reinforces the need for 

better and more generally applicable HCC biomarkers. In-
terestingly, the first follow up of all these patients was at 1 
month post TARE, during which many of the TARE-induced 
changes had already occurred. 

Conclusion
Radioembolization has become a relatively safe and effec-
tive treatment for patients with advanced non-metastatic 
HCC (the majority). It has also helped us to study the very 
complex dynamics of the human liver as a result of radio-
embolization and highlighted both radiation-induced tox-
icity and radiation-induced improvements in liver function.
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