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Downstaging Hepatocellular Carcinoma:
A Systematic Review and Pooled Analysis
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Downstaging can facilitate liver transplantation (LT) for patients outside of Milan criteria with hepatocellular carcinoma
(HCC); however, the optimal protocol and downstaging outcomes are poorly defined. We aimed to characterize rates of suc-
cessful downstaging to within Milan criteria and post-LT recurrence and survival among patients who underwent
downstaging. We performed a systematic literature review using the MEDLINE and Embase databases from January 1996
through March 2015 and a search of national meeting abstracts from 2010 to 2014. Rates of downstaging success (defined
as a decrease of tumor burden to within Milan) and post-LT recurrence with 95% confidence intervals (CIs) were calculated.
Prespecified subgroup analyses were conducted by treatment modality, study design, and patient characteristics. Thirteen
studies (n 5 950 patients) evaluating downstaging success had a pooled success rate of 0.48 (95% CI, 0.39-0.58%). In
subgroup analyses, there was no significant difference comparing transarterial chemoembolization (TACE) versus transarte-
rial radioembolization (TARE; P 5 0.51), but there were higher success rates in prospective versus retrospective studies
(0.68 versus 0.44; P < 0.001). The 12 studies (n 5 320 patients) evaluating post-LT HCC recurrence had a pooled recur-
rence rate of 0.16 (95% CI, 0.11-0.23). There was no significant difference in recurrence rates between TACE and TARE (P
5 0.33). Post-LT survival could not be aggregated because of heterogeneity in survival data reporting. Current data have
heterogeneity in baseline tumor burden, waiting time, downstaging protocols, and treatment response assessments. There
are also notable limitations including inconsistent reporting of inclusion criteria, downstaging protocols, and outcome
assessment criteria. In conclusion, the success rate of downstaging HCC to within Milan criteria exceeds 40%; however,
posttransplant HCC recurrence rates are high at 16%. Downstaging protocols for HCC should be systematically studied and
optimized to minimize the risk of post-LT HCC recurrence. Liver Transpl 21:1142-1152, 2015. VC 2015 AASLD.
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Liver transplantation (LT) is a lifesaving and curative
treatment for patients with hepatocellular carcinoma
(HCC). LT has been shown to provide the best long-
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term survival for these patients, as it both cures the
HCC and underlying liver disease.1 The number and
proportion of LTs for HCC has increased in recent
years, making it a leading indication for transplanta-
tion.2 The Milan criteria for LT (1 tumor less than 5
cm, up to 3 tumors less than 3 cm in size) has been
proposed, validated, and widely used as the eligibility
criteria for consideration of LT in the treatment of
HCC.3 Data from numerous cohorts of patients have
shown that outcomes for LT in patients within Milan
criteria are excellent with high survival rates and low
recurrence rates. Overall, post-LT survival rates are
comparable to patients transplanted without HCC.4,5

Unfortunately, only a minority of HCC patients pres-
ent within Milan criteria.6 If patients present outside
Milan criteria, LT is often not an option at many
transplant centers and patients are left with no other
curative options for their HCC. For selected patients,
downstaging is attempted to bring tumors within
Milan criteria by using liver-directed therapy. Options
for conducting downstaging include radiofrequency
ablation (RFA), transarterial chemoembolization
(TACE), transarterial radioembolization (TARE), ste-
reotactic body radiation (SBRT), or a combination of
therapies. The benefits of downstaging include
decreasing tumor burden and allowing time to identify
those with less aggressive tumor biology.

There have been numerous reports of using
downstaging to bring patients within transplant crite-
ria; however, these data are largely restricted to small
cohorts of patients and include disparate downstaging
protocols. Therefore, the success rates and posttrans-
plant outcomes after downstaging are largely unknown
outside of single-center reports. We hypothesize that
downstaging yields high success rates but is associ-
ated with high post-LT recurrence rates. To better
characterize the efficacy of downstaging, we performed
a meta-analysis of observational studies with indi-
viduals beyond Milan criteria who underwent
downstaging with locoregional therapies. The aims of
this meta-analysis were (1) to determine the success of
downstaging HCC to bring patients within Milan crite-
ria and (2) to characterize post-LT recurrence rates
and survival of patients who were downstaged.

PATIENTS AND METHODS

Literature Search

Two study investigators (N.D.P. and A.G.S.) independ-
ently conducted a computer-assisted search of the
MEDLINE and Embase databases to identify relevant
published articles. We searched the databases from
January 1, 1996 through March 1, 2015 with the fol-
lowing keyword combinations: (downstaging OR down
staging OR downstage OR down stage) AND (hepato-
cellular carcinoma OR HCC OR liver cancer). Our
search was limited to human studies published in
English. Manual searches of references from relevant
articles were performed to identify studies that were
missed by our computer-assisted search. Additional
manual searches of Digestive Diseases Week, Ameri-

can Association for the Study of Liver Diseases, Euro-
pean Association for the Study of the Liver (EASL),
American College of Gastroenterology, and the Inter-
national Liver Cancer Association from 2010 to 2014
were performed.

Study Selection

The search for studies and study selection was con-
ducted with meta-analysis of observational studies in
epidemiology (MOOSE) and Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA)
guidance.7,8 Two investigators (N.D.P. and A.G.S.)
reviewed all publication titles of citations identified by
the search strategy. Potentially relevant studies were
retrieved, and selection criteria were applied. The
articles were independently checked for inclusion by 2
investigators (N.D.P. and A.G.S.), disagreements were
resolved through discussion, and consensus was
reached on all articles. Our inclusion criteria were (1)
cohort studies (retrospective or prospective); (2) stud-
ies evaluating downstaging in patients with cirrhosis
and HCC; (3) studies in which downstaging was per-
formed using surgical resection, RFA, TACE, TARE,
SBRT, or a combination of therapies; and (4) studies
that reported rates of success for downstaging
patients to within Milan criteria using imaging criteria
and/or posttransplant outcomes (including recur-
rence rates and/or survival) among those who were
downstaged to within Milan criteria. We excluded
articles that (1) evaluated investigational procedures;
(2) evaluated systemic chemotherapeutic agents; (3)
used explant data for evaluation of downstaging suc-
cess; (4) had incomplete data for primary outcomes of
interest; (5) included less than 5 patients; and/or (6)
used surgical resection as the only method for
downstaging patients. Studies in which a minority of
patients had surgical resection as a downstaging
modality were included. For studies that reported on
duplicate cohorts of patients, we used the most
updated cohort or the publication that provided the
most complete baseline and follow-up data. Additional
exclusion criteria included non-English language and
nonhuman data.

Data Extraction

Two investigators (N.D.P. and A.G.S.) independently
extracted required information from eligible studies
using standardized forms developed by the investiga-
tors. We collected data on study design (retrospective
versus prospective), inclusion/exclusion criteria,
modality of downstaging treatment, baseline liver
function, pretreatment tumor burden, waiting time to
LT, requirement for mandatory wait time before LT,
posttreatment tumor burden, time to recurrence after
LT, post-LT survival, and overall length of follow-up.
Authors were contacted via e-mail for any missing infor-
mation. Study quality was rated by 1 investigator
(N.D.P.) using the modified Newcastle-Ottawa scale
(NOS).9 This instrument rates observational studies on a
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9-point scale on the basis of appropriateness of study
sample, comparability of study groups, and adequacy of
assessing exposure and outcomes. Studies with a score
greater than 7 were considered high quality.

Clinical Endpoints and Statistical Analysis

The primary outcomes of interest were (1) success
rate of downstaging to within Milan criteria and (2)
HCC recurrence rates after LT. We also characterized
post-LT survival but did not perform a pooled analysis
given heterogeneity in the reporting of survival
data. For both primary meta-analysis outcomes, we
transformed proportions into a quantity using the
Freeman-Tukey variant of the arcsine square root–
transformed proportion.10 Pooled proportions for each
outcome were calculated as a back-transform of the
weighted mean of the transformed proportions using
a random effects model. Heterogeneity was assessed
using the I2 test and subset analyses.11 Subset analy-
ses were planned for the following predefined subsets
of studies: (1) TACE versus TARE; (2) prospective ver-
sus retrospective study design; (3) proportion of
Child-Pugh class A patients; and (4) study quality. We
included liver function as an a priori subset analysis
given patients with preserved liver function may toler-
ate more aggressive and/or more cycles of
downstaging treatment than patients with marginal
liver function. We initially planned to do subset analy-
ses based on baseline tumor burden, but this was not
deemed possible given insufficient patient-level data.
Publication bias was assessed by visual inspection of
a funnel plot.12 All analyses were conducted in Stata
13.1 (StataCorp, College Station, TX).

RESULTS

Literature Search

The computer-aided search yielded 139 original
articles, and the abstract of each article was reviewed.
After reviewing the abstracts, 47 studies were inde-
pendently reviewed by both investigators. After exclu-
sions were applied, a total of 15 published studies
were included in the final analysis. A review of the
meeting abstract proceedings revealed 2 additional
relevant studies for inclusion (Fig. 1). There were 13
studies with 950 unique patients which described the
success of downstaging patients to within Milan
criteria13-25 (Table 1) and 15 studies with 320 unique
patients which described posttransplant recurrence
rates among patients who were downstaged (Table
2).13-16,19-30 Funnel-plot analysis showed similar
effects among small and large studies for both out-
comes with no evidence of publication bias (Support-
ing Figs. 1 and 2).

Study Characteristics

The majority of patients in the included trials had
Child-Pugh class A disease (54%), whereas patients
with Child-Pugh class B (36%) and Child-Pugh class
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C (8%) cirrhosis were less common. Initial tumor bur-
den varied among studies (Table 1); however, only 2
studies included patients with tumor thrombus.13,18

Five studies (n 5 230 patients) used TACE as the pri-
mary downstaging modality, and 4 studies (n 5 88
patients) used TARE. Three studies (n 5 198 patients)
described downstaging success in patients undergoing
multimodal therapy. A minority of patients in multimo-
dal studies (n 5 15, 8%) underwent surgical resection
as a downstaging modality. The number of treatment
sessions and interval between treatment were not well
described in the included studies. The imaging criteria

used to define downstaging success also varied sub-
stantially, with EASL criteria being used in 4 studies,
modified Response Evaluation Criteria in Solid Tumors
(mRECIST) in 3 studies, RECIST in 3 studies, both
EASL and World Health Organization (WHO) criteria in
1 study, and unspecified criteria in 2 studies.

After downstaging, 87 patients who underwent TACE
and 15 patients who underwent TARE underwent LT.
A total of 118 patients underwent LT after a multimo-
dal downstaging approach. The waiting time between
initiation of downstaging and LT as well as follow-up
time after LT were inconsistently reported (Table 2).

Figure 2. Pooled downstaging success stratified by prospective versus retrospective study design.

Figure 1. Search strategy.
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The quality of the included studies was primarily
limited by small sample sizes, lack of comparator
groups, poorly defined inclusion criteria, and/or
inconsistent outcome assessment. The NOS quality
scores are included in Table 2.

Downstaging Success

There was heterogeneity in downstaging success rate
among included studies (I2 5 84.8%), with an aggre-
gate success rate of 0.48% (95% confidence interval

Figure 4. Pooled post-LT HCC recurrence stratified by prospective versus retrospective study design.

Figure 3. Pooled downstaging success stratified by treatment modality (TACE versus TARE).
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[CI], 0.39%-0.58%). Studies that included patients
with tumor thrombus had the lowest success rates;
when these studies were excluded, the pooled success
rate was 0.54% (95% CI, 0.45%-0.63%). Studies with
prospectively designed protocols for downstaging also
yielded a significantly higher success rate compared
to retrospective studies (0.68% versus 0.44% P <

0.001; Fig. 2). There was no significant difference in
the success rate of TACE and TARE for downstaging
(0.48% versus 0.37%; P 5 0.51; Fig. 3); however, the
highest downstaging success rates were reported in
cohorts undergoing multimodal therapy for
downstaging. The 3 studies using multimodal locore-
gional therapy (n 5 198 patients) had a significantly
higher pooled downstaging success rate when com-
pared to the success with TACE/TARE (0.66; 95% CI,
0.58-0.73; P < 0.001).20,21,25 Contrary to our original
hypothesis, studies including higher proportions of
Child-Pugh A patients (>60%) had lower rates of
downstaging success than studies with less Child-
Pugh A patients (0.42 versus 0.58; P 5 0.019); how-
ever, this difference was not statistically significant.
There was no significant difference in downstaging
success when studies were stratified into high- and
low-quality studies (55% versus 0.43; P 5 0.28).

Post-LT Recurrence

In total, 58 (0.16; 95% CI, 0.11-0.23) patients had
HCC recurrence after LT; although studies had lower
heterogeneity in terms of recurrence rates (I2 5

33.5%), there were substantial variations in the time-
to-recurrence (Table 2). Similarly, wait times before
LT were heterogeneous and inconsistently reported

(Table 2). In a sensitivity analysis excluding studies
that allowed for tumor thrombus, the pooled post-LT
recurrence rate was 0.16 (95% CI, 0.11-0.23). There
was no significant difference in recurrence rates
between retrospective and prospective studies (0.18
versus 0.15, respectively; P 5 0.86; Fig. 4). Two of the
prospective studies mandated a 3-month waiting time
before listing for LT,21,25 whereas none of the other
studies that were included had a similar requirement.
The recurrence rate after LT did not differ significantly
by downstaging modality (0.17 for TACE versus 0.26
for TARE; P 5 0.40; Fig. 5). Studies using multimodal
downstaging techniques also had a similar pooled
recurrence rate of 0.10 (95% CI, 0.03-0.18; I2, 19%; P
5 0.29). Studies with a high proportion of Child-Pugh
A patients had a similar recurrence rate versus those
with a low proportion of Child-Pugh A patients (13%
versus 0.17; P 5 0.90). Finally, recurrence rates did
not differ by study quality, with high-quality studies
having a recurrence rate of 0.20 6 0.11 and low-
quality studies having a recurrence rate of 0.15 6

0.06 (P 5 0.58).

Post-LT Survival

There was variability in reporting of survival data,
with several studies reporting 1-year and 3-year sur-
vival rates, others reporting mean or median survival,
and some simply providing a Kaplan-Meier curve.
Some studies reported survival as an intention-to-
treat analysis starting at time of downstaging,
whereas others reported survival starting at time of
LT for the subset of patients who were successfully
downstaged. Most studies with post-LT survival data

Figure 5. Pooled post-LT HCC recurrence stratified by treatment modality (TACE versus TARE).
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reported 1-year survival rates exceeding 90% (range,
87%-100%; Table 2); however, there was substantial
variability in long-term survival rates. Although some
studies had 4- or 5-year survival rates exceeding
90%,13,29 others reported lower survival rates of
approximately 70%.16,23,27 Heterogeneity in reporting
of the data prevented pooling of survival data or
meaningful subgroup analyses.

DISCUSSION

Downstaging HCC to within Milan criteria allows
patients with advanced HCC to potentially have a
curative treatment option. Overall, our pooled analy-
sis shows that nearly half of the patients will achieve
successful downstaging once initiated. However,
downstaging is associated with higher posttransplant
HCC recurrence rates compared to published data on
patients who present within Milan. There appears to
be little difference in success rates or posttransplant
outcomes by downstaging modality; however, there
are no randomized data comparing modalities.

Although the high posttransplant recurrence rates
in this study are discouraging, it is worth noting that
most studies to date have been retrospective in
nature. We found significantly higher success rates in
prospectively conducted studies compared to retro-
spective analyses. Similarly, post-LT recurrence rates
were lower, although this difference did not reach sta-
tistical significance. These differences in outcomes

were likely related to differences in study design
including (1) stricter patient selection with more
defined and limited tumor burden, (2) mandatory wait
times before LT, and (3) higher consistency in quality
of downstaging modalities. For example, the prospec-
tive study by Yao et al.25 used strict inclusion criteria
and a mandatory wait time before LT, resulting in the
highest downstaging success rate and a lower recur-
rence rate than other included studies. A priori inclu-
sion criteria for downstaging protocols appears to be a
rational approach to maximizing the probability of
success of achieving Milan criteria and reducing the
risk of posttransplant recurrence. Other potential
strategies to reduce posttransplant recurrence may
include a mandatory waiting time and/or use of bio-
marker (eg, alpha-fetoprotein or des-gamma-carboxy-
prothrombin) cutoffs before consideration of
transplantation in downstaging candidates.32 Only 2
studies included in our study, both prospective in
nature, included a mandatory waiting period before
listing for transplantation, emphasizing the impor-
tance of an institutional downstaging protocol.21,25

Although we found no difference in outcomes
according to downstaging modality (TACE versus
TARE), published data on TARE-related downstaging
success and post-LT recurrence are limited. At least 1
of the TARE studies investigated downstaging exclu-
sively in patients with tumor thrombus, which likely
underestimates the potential effectiveness of TARE for
downstaging in patients with liver-limited disease.18

Similarly, data on other emerging modalities, such as
SBRT, are also sparse. Although a multimodal treat-
ment approach yielded the best outcome in our analy-
sis, all multimodal studies had a proportion (8%) of
patients who underwent surgical resection for down-
staging. Patients eligible for surgery are typically with-
out significant portal hypertension and therefore may
have different clinical outcomes than other patients
who receive locoregional therapies. Further studies
evaluating and comparing different downstaging
modalities are clearly needed.

One of the most notable findings of our systematic
review is the substantial heterogeneity and limitations
of data evaluating downstaging. First, there was sub-
stantial variation in baseline tumor burden—with
some studies only including patients within University
of California–San Francisco (UCSF) criteria (Barcelona
Clinic Liver Cancer [BCLC] stage B), whereas others
included patients with tumor thrombus (BCLC stage
C). Second, there was variation in response assess-
ment, with some studies using entire lesion size
(RECIST or WHO) and others using viable tumor size
(EASL or mRECIST). Third, a small number of studies
included a mandatory waiting period, although most
did not. Finally, we found important factors such as
liver function, tumor burden at entry, and wait time
before LT were not consistently reported.33

To improve the quality of literature evaluating HCC
downstaging, we propose minimum reporting criteria
for future studies (Table 3). Standardizing reporting of
downstaging would allow for better understanding of

TABLE 3. Proposed Minimum Reporting Criteria for

Downstaging Studies

Patient characteristics
Demographics
Etiology of liver disease
Liver function (Child-Pugh class, presence of
decompensation)

Center characteristics
LT volume
Median wait time for LT
Downstaging inclusion protocol

Tumor characteristics
Tumor burden (dominant tumor size, cumulative
tumor size)
BCLC tumor stage
Imaging modality and criteria used to measure
tumor size (mRECIST, WHO, EASL)

Treatment details
Treatment modalities used (type, number)
Interval between initial downstaging and listing for
LT
Treatments received while awaiting LT
Wait time on the LT list
Time from initiation of downstaging to LT

LT details
Total length of follow-up post-LT
Immunosuppression protocol post-LT
Overall and recurrence-free graft survival
Overall and recurrence-free patient survival
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data moving forward. Ideally, a multicenter well-
powered trial of downstaging protocols would be con-
ducted to understand the optimal tumor burden,
downstaging modality and protocol, and wait time
before LT in order to achieve the best outcomes for
downstaged patients. Alternatively, more stringent
reporting of post-LT HCC recurrence rates could be
mandated by the United Network for Organ Sharing
in order to better characterize recurrence risk in this
population of patients.

Our study has many strengths and limitations. As
noted above, the included studies are heterogeneous
with variable patient populations with regards to
tumor burden, liver function, therapy received, and
posttreatment response criteria. These differences
make studies difficult to directly compare and thereby
limit our ability to make strong conclusions about the
superiority of one modality or protocol over another.
Second, we did not have patient-level data to perform
additional analyses on the basis of tumor burden or
liver function. Given the small cohorts of single-center
patient data, included studies may suffer from report-
ing bias. Our funnel plots showed no evidence of bias;
however, this may reflect the large number of small
studies included in this meta-analysis.34 In addition,
non-English studies were excluded because of practi-
cal considerations, which may further bias the
results. Nevertheless, our meta-analysis provides an
important comprehensive summary of the
downstaging success and posttransplant outcomes as
reported in the literature. Furthermore, we highlight
notable limitations of the current literature, which
have informed our recommendations for minimum
reporting criteria moving forward to improve our evi-
dence base for downstaging.

In summary, we have shown that downstaging
patients outside of Milan can be achieved in approxi-
mately half of all patients; however, post-LT recur-
rence is higher than what has been reported in
patients who present within Milan. It is important to
note that in well-designed studies with downstaging
protocols, equivalent posttransplant results between
downstaged patients and those who present within
Milan criteria can be achieved.25 Although compari-
sons of downstaging modalities and protocols are dif-
ficult given the heterogeneity and limitations of
current data, a protocolized approach with carefully
patient selection and a standardized downstaging pro-
tocol is likely necessary to yield optimal outcomes.
Large prospective studies, using standardized report-
ing criteria, are needed to compare downstaging
modalities and protocols to optimize success and
posttransplant survival in this cohort of patients.
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