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Abstract

Patients with T1 hepatocellular carcinoma (HCC; 1 lesion < 2 cm) are currently not eligible for
priority listing for liver transplantation (LT). A common practice is to wait without locoregional
therapy (LRT) until tumor growth occurs from T1 to T2 (1 lesion 2-5 cm or 2-3 lesions < 3 cm) to
be eligible for listing with Model for End-Stage Liver Disease exception. We aimed to evaluate
the intention to treat outcome of the “wait and not ablate” approach for nonresection candidates
with T1 HCC until tumor growth to T2. The study included 114 patients with T1L HCC 1.0-1.9 cm
followed by serial imaging every 3 months. Two investigators performed independent imaging
reviews to confirm the diagnosis. Median increase in total tumor diameter was 0.14 cm/month.
Probabilities of progression from T1 to directly beyond T2 without LT listing were 4.4% at 6
months and 9.0% at both 12 and 24 months. The 1- and 3-year survival was 94.5% and 75.5%. In
multivariate analysis, predictors of rapid tumor progression, defined as a >1 cm increase in total
tumor diameter over 3 months, included alcoholic liver disease (odds ratio [OR], 6.52; P = 0.02)
and Hispanic race (OR, 3.86; P = 0.047), whereas hepatitis B appeared to be protective (OR, 0.09;
P =0.04). By competing risks regression, predictors of exclusion from LT (with or without listing
for LT under T2) were alpha-fetoprotein (AFP) = 500 ng/mL (HR, 12.69; 95% confidence
interval, 2.8-57.0; P = 0.001) and rapid tumor progression (HR, 5.68; P < 0.001). In conclusion,
the “wait and not ablate” approach until tumor growth from T1 to T2 before LT listing is
associated with a <10% risk of tumor progression to directly beyond T2 criteria. However,
patients with AFP > 500 ng/mL and rapid tumor progression are at high risk for wait-list dropout
and should receive early LRT.
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Worldwide, hepatocellular carcinoma (HCC) is the third leading cause of cancer-related
deaths, and within the United States, the incidence has nearly tripled in the past 2 decades.!2
Resection is typically considered first-line therapy in those without evidence of portal
hypertension or liver dysfunction.3 Excellent 5-year posttransplant survival approaching
75% with recurrence rates of less than 10%-15% has been seen in patients undergoing liver
transplantation (LT) for HCC within the Milan criteria.*-® Although the Model for End-
Stage Liver Disease (MELD) score has been used since 2002 for the prioritization of
patients with end-stage liver disease for LT,”"9 patients with HCC are at risk for tumor
progression and dropout from the waiting list independent of their MELD score.10
Consequently, a MELD priority exception system for HCC has been in place for those
meeting the Milan criteria.

In the United Network for Organ Sharing (UNOS) staging classification, the Milan criteria*
are further divided into stage T1 and T2 HCC, where T1 patients have a single tumor of <2
cm and T2 patients have a single tumor measuring 2-5 cm or 2-3 lesions with none greater
than 3 cm. There have been several refinements to the MELD exception system, and
currently, patients with T2 HCC initially receive 22 MELD exception points and are eligible
for exception upgrades every 3 months while they remain on the waiting list within Milan
criteria. Since 2004, patients with T1 HCC have not been eligible for priority listing for LT.
This is in large part due to the low risk for waitlist dropout in these patients and a sizeable
proportion of misdiagnosis of HCC (no HCC in the explants) in patients transplanted for
presumed T1 HCC.11-13

As LT with deceased donors for T1 HCC is no longer an immediate treatment option, the
management of these patients is not standardized, and 2 competing and quite dissimilar
approaches have emerged. One strategy is to treat T1 HCC patients with immediate
locoregional therapy (LRT) of which radiofrequency ablation (RFA) is the preferred
modality.14 Five-year tumor-free survival with immediate RFA of T1 HCC is reported to be
38%-60%.15-17 An alternative strategy in LT candidates is to carefully observe patients
without LRT until the tumor grows to reach stage T2, at which point the patients are eligible
for priority listing for LT with MELD exception before undergoing LRT. The risk of tumor
progression directly from stage T1 to beyond conventional transplant criteria using this
“wait and not ablate” approach is unknown. The primary aim of the present study was to
evaluate the intention to treat (ITT) outcome of the “wait and not ablate” approach for
nonresection candidates with T1 HCC being considered for LT and to determine risk factors
for rapid tumor progression or exclusion from LT in this patient population.

PATIENTS AND METHODS

Study Design and Patient Population

This study included consecutive patients aged 18 years and older who were evaluated at our
institution from March 2004 to January 2012 with an initial solitary tumor measuring 1.0 to
1.9 cm in largest diameter. This start date was chosen to encompass the UNOS HCC policy
change in which patients with T1 HCC were no longer eligible for priority listing for LT
with MELD exception. Patients were initially identified by reviewing records from our
center’s multidisciplinary tumor board attended by transplant hepatologists, transplant
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surgeons, oncologists, interventional radiologists, and diagnostic radiologists with an
expertise in diagnostic abdominal imaging. The diagnosis of T1 HCC was based on either
quadruple-phase contrast-enhanced computed tomography (CT) or magnetic resonance
imaging (MRI) showing arterial phase hyperenhancement and washout on the delayed
phases of imaging,18 or if a lesion showed interval growth by >3 mm with the same imaging
technique within 6 months.1® All patients with suspected T1 HCC but without typical
radiologic characteristics such as a lack of arterial hyperenhancement and/or delayed
washout were independently reviewed by 2 investigators (Nicholas Fidelman and Neil
Mehta). In these cases, a retrospective review of all subsequent scans was performed and
those who developed typical HCC characteristics or >3 mm growth were included in the
study. Patients were excluded from this study if they were resection candidates without any
evidence of liver dysfunction and without portal hypertension or if they had lack of tumor
visualization or interval growth on all follow-up imaging. The latter were considered not to
have HCC. Hepatic lesions < 1 cm in diameter were also not counted as HCC. Percutaneous
biopsy was not routinely performed for the diagnosis of HCC at our institution.

All patients in the “wait and not ablate” cohort received HCC surveillance with contrast-
enhanced CT or MRI every 3 months until tumor progression to beyond T1 criteria at which
point LRT was undertaken. There was 100% compliance with this surveillance protocol. All
included patients had a minimum follow-up of 6 months after the diagnosis of T1 HCC. The
variables collected included demographic data (age, sex, race/ethnicity), liver-related factors
(etiology of liver disease and Child-Turcotte-Pugh [CTP] score), baseline laboratory data at
diagnosis of T1 HCC (alpha-fetoprotein [AFP] and MELD score), and radiologic
characteristics including maximal tumor diameter and presence or absence of arterial
hyperenhancement and delayed washout.

Among patients who underwent LT, the freshly explanted livers were processed according
to a routine clinical protocol and were sliced serially at 10-mm intervals. Macroscopically
visible neoplastic nodules were evaluated with microscopy after hematoxylineosin staining.
The histologic grade of differentiation was based on the modified Edmondson criteria (grade
1, well-differentiated; grade 2, moderately differentiated; and grade 3, poorly
differentiated).20 Explant tumor stage and the presence of microvascular or macrovascular
tumor invasion were also recorded. Explant tumor staging in this study was based only on
the maximal diameter and number of viable tumors.

The primary outcome of interest was progression from T1 directly to beyond T2 criteria. A
secondary outcome, exclusion from LT, was directed toward those who progressed to within
T2 and listed for LT but then had wait-list dropout due to liver-related death or tumor
progression beyond T2. In patients who progressed to within T2 but were not listed for LT
for various reasons such as no longer being interested in undergoing LT or being
noncompliant with our center’s transplant policies, follow-up was censored at the date the
patient was first noted to be within T2 criteria. Date of death was obtained from our
transplant database and confirmed using the Social Security Death Index.
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Statistical Analysis

Patient characteristics were summarized using median and interquartile range (IQR) for
continuous variables and proportions for categorical variables. Kaplan-Meier ITT survival
and 95% confidence intervals (Cls) were estimated from the time of T1 diagnosis to death or
last follow-up. Survival was compared between patients with and without immediate LRT
using the log-rank test.

Tumor growth rate was calculated based on initial tumor size at T1 HCC diagnosis and size
of tumor(s) at time of progression beyond T1 (or at last imaging if still within T1 at end of
study follow-up) divided by the time interval between these 2 cross-sectional studies.
Logistic regression models with odds ratios (ORs) were used to assess predictors of rapid
tumor progression defined as the upper 20% of tumor progression within the study
population. This rapid tumor progression cutoff was equivalent to >1 cm increase in total
tumor diameter over 3 months. Univariate analyses included baseline clinical characteristics
(age, sex, race/ethnicity, etiology of liver disease, and MELD score) and tumor
characteristics at the time of T1 HCC diagnosis (AFP level, tumor size, and presence or
absence of arterial phase hyperenhancement and delayed washout). Predictors of rapid
tumor progression with a univariate P value < 0.1 were evaluated in the multivariate model.

We estimated the cumulative probability of progression from T1 diagnosis directly to
beyond T2 while accounting for competing risks (CRs). Patients were simultaneously at risk
of dying while within T1 criteria (modeled as a CR) and were otherwise censored at the date
of LT, wait-list dropout, or last follow-up. Follow-up time was measured from the date of
T1 diagnosis. We also estimated the cumulative probability of exclusion from LT. We
accounted for competing events (LT or death while within T1 criteria). Patients were
censored at the date of LT, last follow-up, or wait-list dropout if the reason for dropout was
unrelated to liver disease or tumor progression. Follow-up time was measured from the date
of T1 diagnosis. Univariate and multivariate hazard ratios (HRs) for predictors of exclusion
from LT were determined by CR regression using the Fine and Gray method?! with
predictors having a P value of < 0.1 further evaluated in the multivariate analysis.

Post-LT outcomes, patient survival (event defined as post-LT death), and HCC recurrence-
free survival (event defined as the first of HCC recurrence or death) were evaluated using
the Kaplan-Meier method. Patients were followed from transplant to the first event of
interest or last follow-up. Statistical analyses were performed using SAS, version 9.3 (SAS
Institute, Inc., Cary, NC) and Stata/IC 11.1 (Statacorp, College Station, TX).

RESULTS

Baseline Clinical and Tumor Characteristics

Among the 311 patients initially identified, 53 patients were resection candidates without
liver dysfunction or portal hypertension and were therefore excluded. Of the remaining 258
patients, 120 (46.5%) either had lack of tumor visualization or growth on all subsequent
imaging (median follow-up 2.6 years [IQR, 1.4-3.4]). These patients were considered not to
have HCC and were also excluded. Of the 138 patients with T1 HCC, 24 (17.4%) underwent
immediate LRT (Fig. 1). The most common reasons for undergoing immediate LRT instead
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of the “wait and not ablate” approach included patient preference and contraindications to
LT including advanced age.

The remaining 114 patients comprised the “wait and not ablate” cohort. Median age at
diagnosis of T1 HCC was 60 years (IQR, 55-65 years), and 85 (74.6%) were men. The most
common race/ethnicities were Caucasian (47.4%), Asian (31.6%), and Hispanic (14.0%)
with few African Americans (4.4%). Hepatitis C virus (HCV) was the most common
etiology of liver disease (57.0%), followed by hepatitis B virus (HBV; 22.8%), nonalcoholic
fatty liver disease (NAFLD; 10.5%), and alcoholic liver disease (8.8%). At the time of
diagnosis of T1 HCC, the median MELD score was 11 (IQR, 9-13), and there was a roughly
equal proportion with Child class A (48.2%) and Child class B/C (51.8%) cirrhosis (Table
1).

Median initial tumor diameter was 1.4 cm (IQR, 1.2-1.6 cm), and 52.6% had a lesion
measuring 1.0-1.4 cm in maximal diameter at diagnosis. The median AFP level was 12
ng/mL (IQR, 4.7-41.0 ng/mL); 60.2% of patients had an AFP less than 20 ng/mL and 4.8%
had an AFP greater than 500 ng/mL. Arterial hyperenhancement was observed in 91.2%,
and delayed washout was present in 73.7% of patients (Table 1).

ITT Outcome

Median follow-up from date of diagnosis of T1 HCC was 2.4 years (IQR, 1.4-4.4 years).
Progression from T1 to within T2 criteria was seen in 100 (87.7%) patients at a median of
6.9 months (IQR, 4.6-12.0 months). Six (5.3%) patients progressed from T1 directly to
beyond T2 criteria at a median of 5.1 months (IQR, 3.7-7.0 months). An additional 6
patients remained within T1 criteria at the end of study follow-up, and 2 patients died while
within T1 criteria due to non-HCC causes (Fig. 2).

Of the 100 patients progressing from T1 to within T2 criteria, all underwent at least 1 LRT
at a median of 1.8 months (IQR, 0.7-2.6 months) from diagnosis of T2 HCC to receipt of
first LRT; 53% underwent LT after receiving MELD exception, 22% were still awaiting LT
at end of study follow-up, and 12% dropped off the LT wait list because of subsequent
tumor progression to beyond T2. The remaining 13% were never listed for LT for such
reasons as being noncompliant with our program’s transplant requirements or no longer
being interested in LT (Fig. 2). After a median follow-up of 2.4 years, the Kaplan-Meier ITT
survival for the entire “wait and not ablate” cohort at 1, 3, and 5 years was 94.5% (95% ClI,
88.1%-97.5%), 75.5% (95% CI, 64.5%-83.5%), and 55.0% (95% CI, 41.6%-66.4%),
respectively.

Tumor Progression

Median increase in overall total tumor diameter was 0.14 cm per month (IQR, 0.08-0.29
cm). The median time to tumor progression beyond T1 was significantly longer in patients
with an initial lesion measuring 1.0-1.4 cm than in those with an initial lesion measuring
1.5-1.9 cm (9.0 months [IQR, 5.2-14.8 months] versus 6.1 months [IQR, 4.3-9.7 months],
respectively; P = 0.02). This reflects a longer period of time for smaller tumors to grow to
beyond T2 criteria. At the time of progression beyond T1, 71.7% had a single lesion
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measuring at least 2 cm in diameter (median, 2.3 cm; IQR, 2.0-2.9 cm) and 22.6% had 2
lesions (median larger tumor diameter, 2.0 cm; IQR, 1.7-2.4 cm). Only 1 patient had more
than 3 lesions at the time of progression beyond T1. Median AFP at time of tumor
progression beyond T1 was 18 ng/mL (IQR, 5.0-63.0 ng/mL).

Predictors of Rapid Tumor Progression

Rapid tumor progression, defined as >1 cm increase in total tumor diameter over 3 months,
was observed in 23 (20.2%) patients. In addition to the 6 patients who rapidly progressed
from stage T1 directly to beyond T2, there were an additional 3 patients with rapid tumor
progression who progressed from stage T1 to within T2 but then dropped out because of
tumor progression. They accounted for 25% (3/12) of all patients who dropped out after
listing with MELD exception once within stage T2. On multivariate analysis, significant
predictors of rapid tumor progression included Hispanic race/ethnicity (OR, 3.86; P = 0.047)
and alcoholic liver disease (OR, 6.52; P = 0.02), whereas hepatitis B was associated with
reduced odds of rapid tumor progression compared to HCV (OR, 0.09; P = 0.04). We were
unable to detect a statistically significant association between rapid tumor progression and
age, sex, MELD score, CTP score, and tumor characteristics at T1 diagnosis including size,
AFP, and presence of arterial enhancement or delayed washout (Table 2).

Progression Directly From T1 to Beyond T2

Six patients (5.3%) were found to have progressed from stage T1 HCC directly to beyond
T2 criteria. More detailed information on these 6 patients are presented in Table 3. Four of
these patients progressed directly beyond T2 criteria based on tumor burden alone at a
median of 6.5 months from T1 diagnosis. Median total tumor diameter in these 4 patients
was 7.8 cm (range, 5.7-11.0 cm). A fifth patient had portal vein tumor thrombus 3 months
after T1 diagnosis and a final patient had an adrenal metastasis 7 months after T1 diagnosis.
Median AFP at time of progression from T1 directly beyond T2 was 6.5 ng/mL (range,
4.4-32). CR cumulative probability of progression from T1 HCC directly to beyond T2
criteria was 4.4% (95% ClI, 1.4-10.0) within 6 months and 9.0% (95% ClI, 3.2-18.5) within 1
and 2 years.

Predictors of Exclusion From LT

There were 18 patients excluded from LT, which included the 6 who progressed directly
from T1 to beyond T2 as well as 12 additional patients who experienced tumor progression
after listing with MELD exception for LT at the T2 tumor stage before progression to
beyond T2 criteria. CR cumulative probability of exclusion from LT was 4.5% (95% Cl,
1.7-9.4) within 6 months, 7.3% (95% CI, 3.4-13.2) within 1 year, and 15.6% (95% ClI,
9.1-23.6) within 2 years from T1 HCC diagnosis. Significant predictors of exclusion from
LT by CR included an AFP > 500 ng/ mL at the time of diagnosis of T1 HCC (HR, 12.69; P
=0.001) and rapid tumor progression (HR, 5.68; P < 0.001). We were unable to detect a
statistically significant association between exclusion from LT and age, sex, race/ethnicity,
etiology of liver disease, MELD score, CTP score, tumor diameter, AFP, and presence of
arterial enhancement or delayed washout (Table 4).
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Explant Characteristics and Post-LT Outcomes

Fifty-three patients underwent LT after being listed with MELD exception once within T2
criteria. Median AFP at the time of LT was 10.6 ng/mL (IQR, 4.1-39.0 ng/mL). In the
explant, the tumor(s) showed complete necrosis with no residual tumors as a result of LRT
in 19 (35.8%) patients, within T1 or T2 criteria in 28 (52.8%) patients, and understaging to
beyond T2 criteria in 6 (11.3%) patients. No patients had macrovascular invasion, and 3
(5.7%) patients had microvascular invasion. Among 34 patients with viable tumors in the
explant, most had either well-differentiated (26.5%) or moderately differentiated HCC
(64.7%), whereas only 8.8% had poorly differentiated tumor grade. There were no other
tumor histologies seen on explant besides HCC. Transplanted patients had a median post-LT
follow-up time of 2.9 years (IQR, 1.0-4.8 years). Post-L T survival at 1 and 5 years was
90.0% (95% Cl, 77.5%-95.7%) and 77.0% (95% ClI, 58.7%-88.0%), respectively. HCC
recurrencefree post-LT survival at 1 and 5 years was 87.9% (95% Cl, 75.0%-94.4%) and
75.6% (95%, Cl 59.9%-85.5%), respectively.

Immediate LRT and Resection

Twenty-four patients did not undertake the “wait and not ablate” approach and instead
underwent immediate LRT at the time of T1 HCC diagnosis. Reasons for this alternate
approach included contraindication to LT due to advanced age (n = 9), patient preference (n
= 8), and having an AFP > 1000 ng/mL (n = 2). No specific reason for immediate LRT
could be identified in 5 patients. None of the patients who underwent immediate LRT had
undergone LT by the end of study follow-up. Kaplan-Meier ITT survival for the immediate
LRT cohort at 1 and 5 years was 100.0% and 79.5%, respectively. There were no significant
differences in the overall ITT survival for those with immediate LRT as compared to the
“wait and not ablate” approach (P = 0.15).

Of the 53 patients identified as resection candidates who were excluded from the “wait and
not ablate” protocol, 24 underwent resection at our center with confirmed HCC in the
resection specimen. HCC recurrence-free survival at 1 and 5 years after resection was 91.7%
and 62.5%, respectively. Among the other 29 patients, 5 underwent resection at other
centers; 7 chose not to undergo resection and underwent laparoscopic RFA instead; 14 did
not have confirmed diagnosis of HCC and did not undergo further treatment; and 3 patients
were lost to follow-up. None of these patients received LT.

DISCUSSION

HCC is being detected at an earlier stage of disease?? presumably because of increased
screening of at-risk populations?3 and improved imaging/detection methods. Because
patients with unresectable T1 HCC (single lesion < 2 cm) are not eligible for priority listing
for LT under the current system of organ allocation, it is important to evaluate the outcomes
of the 2 management strategies: immediate LRT and “wait and not ablate.” In this largest
study of the “wait and not ablate” strategy of close observation until tumor growth from T1
to T2 stage before LT listing and LRT, the probability of progression from T1 directly to
beyond T2 criteria by CR was just 4.4% by 6 months and 9% by 1 and 2 years. Of those
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with tumor growth to within T2 criteria, 53% had received LT and 22% were still awaiting
LT at the end of study follow-up.

Our findings indicate a generally slow rate of tumor growth in patients with T1 HCC, based
on a median increase in total tumor diameter of 0.4 cm every 3 months. This rate appears to
be significantly slower than the commonly reported HCC doubling time of 3-6 months.24:25
Among patients in our “wait and ablate” cohort who underwent LT, only 9% had poorly
differentiated tumor grade, 4% had microvascular invasion, and 11% had tumor
understaging to beyond T2 criteria in the liver explant. In contrast, there was a nearly 20%
rate of understaging to beyond T2 criteria in the explant of patients with initial diagnosis of
HCC at T2 stage according to a previous report from our center.26 These findings suggest
that allowing for the growth of T1 HCC to meet T2 criteria before LT listing and subsequent
LRT generally does not result in the development of unfavorable tumor characteristics that
are associated with poor post-LT outcomes. Additionally, it appears that the majority of
patients with T1 HCC do not need urgent LT. A previous study from our institution has
suggested that patients with a single 2-3 cm HCC listed with MELD exception are at
decreased risk of wait-list dropout compared to those with either a single tumor 3-5 cm or
multiple tumors within Milan criteria.28 The present study similarly showed that in the
absence of a significantly elevated AFP level, patients with T1 HCC typically have a slow
rate of tumor growth with <10% risk of progression to directly beyond T2 and may not
derive a significant benefit from immediate LT. Therefore, even though the only avenue to
LT in these patients may be living donor liver transplantation (LDLT) because they do not
qualify for MELD exception listing, it is our opinion not to advocate for LDLT in this
population.

Although the majority of T1 patients showed slow tumor growth, 20% exhibited rapid tumor
progression, defined in this study as a >1 cm increase in total tumor diameter over 3 months.
Rapid tumor progression and AFP= 500 ng/mL at the time of T1 diagnosis were the only
significant predictors of exclusion from LT. Rapid tumor progression was associated with
alcoholic cirrhosis and Hispanic race. The explanation for this association is unclear. It has
been shown that Hispanics have a higher prevalence of NAFLD associated with diabetes and
obesity, which are also risk factors for HCC.27-29 It is possible that the concurrent risk
factors for fatty liver in Hispanic patients contributed to more rapid HCC progression, but
this is speculative and requires further study. Additionally, the probability of rapid tumor
progression was also lower among patients with HBV compared to HCV, which may relate
to the use of nucleos(t)ide analogues in patients with HBV cirrhosis. Treatment with
nucleos(t)ide analogues in HBV cirrhosis has been shown to reduce the risk of HCC
development30:31 as well as HCC recurrence.3?

Given limited organ availability, one might question the “wait and not ablate” strategy to
transplant all patients with T1 HCC. There are 30,000 new patients with HCC per year in the
United States,33 and only 1300 LTs performed yearly for HCC.34 Immediate RFA for a
single lesion of <2 cm has a 5-year tumor-free survival in the range of 38%-60%.1%-17 To
date, no prospective studies have directly compared these 2 strategies. A recent study using
Markov modeling did compare immediate RFA or transarterial chemoembolization versus a
“wait and not ablate” approach in 1000 theoretical T1 nonresection candidates with
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compensated cirrhosis.3> The authors found that overall median survival was similar
between the immediate RFA group and the monitored group at 5.2 years from diagnosis of
T1 HCC, but the strategy of immediate RFA was significantly more cost-effective per life-
year gained ($92,094 versus $144,427). Only 5.3% of patients in the present study
progressed from T1 directly to beyond T2 with a CR cumulative probability of 4.4% at 6
months, whereas the Markov model used a higher estimated risk of 7% of tumor progression
to beyond T2 criteria at 6 months. Furthermore, 87% of our patients were listed for LT, but
the Markov model was constructed using a listing rate of only 50% (for theoretical patients
progressing to within T2). Given the overestimated risk of progression from T1 directly to
beyond T2, and the underestimated LT listing rate among the “wait and not ablate” group, it
is not entirely clear if one modality is clearly superior to the other.

Even before deciding on a treatment strategy, it is important to establish whether a small
liver lesion actually represents HCC. Less than 20% of arterially enhancing hepatic lesions
under 2 cm are in fact HCC.11:36 MRI is only 52%-62% sensitive for the diagnosis of T1
HCC,37:38 and smaller tumors appear to show less pronounced delayed washout compared
to larger HCC.39 Furthermore, 31% of patients who underwent LT for T1 HCC have been
found to have no HCC in the explant,12 an important reason why patients with T1 HCC are
no longer eligible for priority listing for LT. As the diagnosis of T1 HCC is often in doubt,
biopsy may be needed to confirm the diagnosis, but even biopsy has a limited sensitivity of
only 70% for lesions of < 2 cm,38 and carries a risk of needle track seeding.*° The diagnosis
of HCC in smaller lesions is undeniably more difficult than in larger lesions. This has
prompted the Liver Imaging Reporting and Data System (LI-RADS),*! which distinguishes
lesions = 2 cm from those < 2 cm, for determining UNOS priority listing for LT. The
diagnostic difficulty for small lesions <2 cm lends itself nicely to the “wait and not ablate”
approach. Following lesions every 3 months with cross-sectional imaging may allow for
improved diagnostic assessment based on interval growth and developing of radiographic
features that are more characteristic of HCC.

In this study, we screened a large cohort of patients with a suspicious nodule, but only
included those with a high degree of certainty in the HCC diagnosis. Patients without
interval growth or disappearance of the lesion on extensive follow-up imaging were not
considered to have HCC and were excluded. The median follow-up was 2.6 years during
which these patients were monitored by imaging every 3 months without radiologic
evidence of HCC diagnosis. It is therefore unlikely that we have missed HCC cases that
would significantly impact our overall results. We recognize that the use of interval growth
>3 mm as a diagnostic criterion is somewhat arbitrary, but even the proposed 50% threshold
growth under the LI-RADS system has not yet been validated. Of the 38 patients who were
reviewed by the 2 investigators in the current study, only 11 were included solely based on
interval growth. Of these 11 patients, 7 had HCC on explant, and 4 dropped out due to tumor
progression. Consequently, we believe that our assessment using the >3 mm growth cutoff
has a low false-positive rate in this study.

There are a number of limitations with the present study. As already noted, the diagnosis of
small HCC lesions is often very difficult. In the present study, imaging studies not showing
typical characteristics of HCC were independently reviewed by 2 of the investigators to
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reduce diagnostic errors. Nevertheless, the possibility of misdiagnosis still exists. The
present study was also not designed to compare the ITT outcomes between the “wait and not
ablate” versus immediate LRT strategies due to selection bias. A randomized controlled
study comparing these 2 approaches is unlikely to be undertaken. Our center is in a region
with prolonged wait-list time, and thus the results may not be generalized. Finally, our study
is limited by a small number of events which reduces our power to detect statistically
significant associations and contributes to imprecision in our point estimates. The small
number of patients (n = 6) who progressed from T1 directly to beyond T2 limits our ability
to determine factors associated with this primary outcome. This group was combined with
those who progressed from T1 to within T2 with subsequent dropout due to tumor
progression (n = 12) to identify predictors of exclusion from LT, but these 2 groups may be
very different with respect to tumor behavior and pattern of progression. These limitations
notwith-standing, our results suggest that “wait and not ablate” is an acceptable treatment
strategy for patients with T1 HCC.

Until a prospective, multicenter, ITT comparison of these 2 strategies is undertaken, the best
approach remains a tailored decision based on patient characteristics. Patients with either
rapid tumor progression or an AFP = 500 ng/mL at the time of T1 diagnosis appear to be at
high risk for wait-list dropout and should receive early intervention with LRT. It has been
argued that LT for HCC in Child class A cirrhosis results in a very low survival benefit and
may not constitute optimal use of a scarce resource.*? In studies evaluating RFA as a
primary treatment for HCC, those with Child A cirrhosis and a solitary tumor <2 cm (T1
HCC) had the best longterm outcome.1443:44 These patients are also predicted to have a low
risk of developing recurrent HCC beyond Milan criteria when compared to single or
multiple tumors of >2 cm after primary RFA.#> Consequently, patients with T1 HCC and
Child A cirrhosis may be considered for primary RFA, and then LT in the event of recurrent
or de novo HCC 4546

In summary, the “wait and not ablate” approach until tumor growth from T1 to T2 before LT
listing carries a <10% risk of tumor progression directly to beyond T2 at 1 and 2 years, and
it appears to be a viable treatment strategy under the current system of organ allocation for
LT. The decision to “wait and not ablate” or to proceed immediately with LRT depends on a
number of factors, particularly the severity of underlying liver disease. There is a subgroup
with T1 HCC with rapid tumor progression who are at high risk for exclusion from LT due
to aggressive tumor biology. Additionally, those with T1 HCC and an initial AFP = 500
ng/mL are at increased risk for exclusion from LT and should receive early intervention with
LRT.

ons

AFP alpha-fetoprotein

Cl

confidence interval

CR competing risk

CT computed tomography
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CTP Child-Turcotte-Pugh

HBV hepatitis B virus

HCC hepatocellular carcinoma

HCV hepatitis C virus

HR hazard ratio

IQR interquartile range

ITT intention to treat

LDLT living donor liver transplantation

LI-RADS Liver Imaging Reporting and Data System

LRT locoregional therapy

LT liver transplantation

MELD Model for End-Stage Liver Disease

MRI magnetic resonance imaging

NAFLD nonalcoholic fatty liver disease

NASH nonalcoholic steatohepatitis

OR odds ratio

RFA radiofrequency ablation

UNOS United Network for Organ Sharing
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Flow diagram with exclusion criteria describing the formation of the “wait and not ablate”

cohort.
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Figure2.

ITT outcomes of the 114 patients in the “wait and not ablate” cohort.
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TABLE 1

Baseline Clinical Characteristics of the “Wait and Not Ablate” Cohort (n=114)

Characteristic Value
Age, years 60 (55-65)
Sex, male 85 (74.6)
Race/ethnicity
Caucasian 54 (47.4)
Asian 36 (31.6)
Hispanic 16 (14.0)
African American 5(4.4)
Etiology of liver disease
HCV 65 (57.0)
HBV 26 (22.8)
NAFLD 12 (10.5)
Alcoholic liver disease 10 (8.8)
Hemochromatosis 1(0.9)
MELD score 11 (9-13)
Child class (n5112)
A 54 (48.2)
B 48 (42.9)
c 10 (8.9)
Initial tumor size, cm 1.4 (1.2-1.6)
AFP at T1 diagnosis (n=103)
<20 62 (60.2)
21-99 28 (27.2)
100-499 8(7.8)
>500 5 (4.8)

Presence of arterial hyperenhancement 104 (91.2)

Presence of delayed washout 84 (73.7)

NOTE: Data are given as median (IQR) or n (%).
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TABLE 2

Univariate and Multivariate Analyses of Predictors of Rapid Tumor Progression”
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Predictor Variables OR (95% CI) P Value
Univariate analysis
Age at T1 diagnosis (per year) 1.02 (0.96-1.08) 0.56
Sex, female 0.76 (0.26-2.28) 0.63
Race/ethnicity (versus Caucasian)
Hispanic 4.47 (1.29-15.46) 0.02
African American 3.83(0.55-26.68) 0.17
Asian 1.19 (0.37-3.78) 0.77
Diagnosis of liver disease (versus HCV)
Alcohol 6.67 (1.49-29.91) 0.01
NASH 0.30 (0.04-2.54) 0.27
HBV 0.13 (0.02-1.07) 0.06
CTP score (per point) 1.06 (0.81-1.38) 0.66
MELD score (per point) 1.04 (0.92-1.17) 0.57
Tumor size at T1 diagnosis (per cm) 1.98 (0.40-9.90) 0.41
AFP at T1 diagnosis
220 (versus<20) 1.87 (0.71-4.92) 0.20
2100 (versus<100) 1.18 (0.30-4.75) 0.81
Hypovascularity 1.78 (0.42-7.49) 0.43
Absence of washout 1.09 (0.38-3.12) 0.87
Multivariate analysis
Hispanic (versus Caucasian) 3.86 (1.02-14.65) 0.047
Alcohol (versus HCV) 6.52 (1.34-31.66) 0.02
HBV (versus HCV) 0.09 (0.01-0.93) 0.04
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Characteristics of the 6 Patients Who Progressed Directly From Stage T1 to Beyond T2 Criteria

TABLE 3

Timeto AFP When
Liver AFPat T1 Progression Tumor Burden Directly
Age, Disease Sizeat T1 Diagnosis, Directly Beyond When Directly Beyond
Patient Years Etiology Diagnosis, cm ng/mL T2, Months Beyond T2  T2,ng/mL
1 63 HCV 1.0 11.2 59  7lesionsupto2.3cm 6.1
57 HCV 1.9 41.0 2.1 2 lesions up to 32

2.9 cm+portal

vein tumor invasion
3 56 HCV 14 13.7 3.6  3lesionsupto4.9cm 15
4 55  Alcohol 1.9 4.0 4.3 2 lesions up to 4 cm 4.7
5 58 HBV 1.6 34.3 12.0 Single 11-cm lesion 6.9
6 66 NAFLD 15 4.0 6.9  Single 3-cm lesion and 4.4

adrenal metastasis
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TABLE 4

CRs Univariate and Multivariate Analyses of Predictors of Exclusion From LT
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Predictor Variables HR (95% CI) P Value
Univariate analysis
Age at T1 diagnosis (per year) 0.99 (0.95-1.04) 0.73
Sex, female 0.68 (0.23-2.00) 0.49
Race/ethnicity (versus Caucasian)
Hispanic 1.90 (0.57-6.35) 0.30
African American 1.64 (0.22-12.24) 0.63
Asian 0.96 (0.32-2.90) 0.94
Diagnosis of liver disease (versus HCV)
Alcohol 1.99 (0.41-9.73) 0.40
HBV 0.91 (0.29-2.81) 0.86
NASH 0.47 (0.06-3.81) 0.48
CTP score (per point) 0.92 (0.68-1.24) 0.60
MELD score (per point) 0.95 (0.82-1.11) 0.55
Tumor size at T1 diagnosis (per cm) 1.64 (0.29-9.37) 0.58
AFP at T1 diagnosis
220 (versus<20) 2.09 (0.72-6.11) 0.18
2100 (versus<100) 2.07 (0.58-7.30) 0.26
=500 (versus<500) 6.90 (1.66-28.70) 0.008
Hypovascularity 1.30 (0.31-5.46) 0.72
Absence of washout 0.82 (0.27-2.47) 0.72
Rapid tumor progression* 4.12 (1.61-10.53) 0.003
Multivariate analysis
AFP=500 (versus<500) 12.69 (2.82-57.01) 0.001
5.68 (2.20-14.64) <0.001

Rapid tumor progression*
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*
Defined as>1 cm increase in total tumor diameter over 3 months.



