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Liver transplantation (LT) for hepatocellular carcinoma
(HCC) is as old as LT itself. Even Thomas Starzl’s early series
of LTcases in the 1960s included patients with HCC [1]. Since
a majority of HCC occur in patients with chronic liver disease
or cirrhosis, the rationale for offering LT is logical: ability to
simultaneously treat the tumor as well as liver disease and
offer widest surgical margin with putative reduction in true
recurrences as well as neo-tumor formation via elimination
of the tumor generating environment [2].

Medical unsuitability, presence of large or numerous le-
sions, blood vessel invasion or thrombosis, metastasis and/or
timely availability of a donor graft ultimately determine
whether LT can be performed for a patient with HCC or not.
Expansion of the liver donor pool employing extended criteria
grafts (including partial and donation after cardiac death) and
living liver donation has made little difference to the chronic
graft shortage. The scarcity of donor grafts imbues organ al-
location policy makers to distribute organs in such a manner,
as to first benefit the sickest (justice model) or those who can
benefit the most (utility model) from LT. The enduring con-
troversy remains how best this can be achieved in scientifical-
ly robust yet practical terms for patients with HCC.

Prompted by unflattering survival outcomes achieved in
1970s and 1980s, in 1989, the Department of Health in the
United States of America (USA) declared HCC to be contrain-
dication for LT. The tide turned in 1996 after Mazzaferro and co-
workers from Milan, Italy, reported post LT 4-year disease-free
survival (DFS) of 75% and OS of 83% for patients with a single

HCC ≤5 cm or <3 HCCs ≤3 cm [3]. Hereafter referred to as
Milan criteria, these size and number limits were accepted by
United Network of Organ Sharing (UNOS) for graft allocation to
patients with HCC in 1998 and have since served as a global
benchmark of sorts. With more experience, it has become appar-
ent that by offeringLT to patientswith incrementally larger tumor
volume and number, equivalent survival could be attained [4, 5]
but further expansion comes at the cost of reduced survival. The
model for end-stage liver disease (MELD) score was first incor-
porated by UNOS for liver graft allocation in 2002. Recognizing
that HCC reduces survival in patients with cirrhosis needing LT,
UNOS initially accorded 24 priority MELD points (single HCC
<2 cm) or 29 (as per Milan criteria) to facilitate timely transplan-
tation before death or progression beyond Milan criteria on
waiting list [6]. Soon it was observed that progression on waiting
list could be controlled by non-transplant interventions like ra-
diofrequency ablation (RFA) for small HCC and as an undesir-
able consequence of a policy of allocating high priority points to
those even with small HCC, inordinately more transplants were
being performed for HCC disadvantaging those without it. Also
a significant number of lesions <2 cm suspected to be HCC on
preoperative imaging were turning out to be benign on explant
pathology. This prompted sequential revisions to 20 and 29
MELD points, none and 24 and none and 22 for HCC ≤2 cm
and within Milan criteria, respectively [7].

Living donor liver transplant (LDLT) evolved in Asia to
address extreme shortage of donor grafts in a region with high
prevalence of liver disease and HCC due to hepatitis B. The
ethical justification for LDLT in HCC rests on the principle of
double equipoise where predicted survival benefit to the re-
cipient must be significantly high for the small risk taken by
the living donor to be acceptable [8].

Even the best preoperative imaging techniques can under-
estimate tumor burden in as many as 20% and significant
progression in tumor size and number between imaging and
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LT after waiting period is not uncommon [9, 10]. Additionally
10% to 15% nodules suspected to harbor HCC on pre-transplant
imaging are reported benign following microscopic scrutiny of
resection specimens by histopathologists [11]. As a result, any
policy of complete reliance on pre-transplant imaging for
assessing tumor morphology is far from infallible.

Tumor size and volume do influence survival after LT.
Among patients, those with total tumor diameter Ttotal ≥10 cm
are likely to have OS just 20% of those with Ttotal <10 cm and
those with Ttotal ≥9 cm have DFS 50% of those with Ttotal <9 cm.
Patients with largest nodule diameter (Tmax)≥5 cmhadDFS 25%
of those with Tmax <5 cm [12]. The number of tumors did not
appear to impact either DFS or OS as much as size.

While size, tumor volume, tumor markers levels in blood and
absence of extrahepatic disease are the commonly employed
parameters in selecting HCC patients for LT, molecular, genetic
and markers of invasiveness also impact post-transplant survival.
High tumor grade (G2 and G3) [13] and presence of
microvascular invasion (mVI) in tumor tissue [14] predict early
recurrence irrespective of tumor volume. Identification of mVI or
vascular emboli [15] is consistently associated with poor DFS
after LT, but both can only be assessed on core biopsies, surgical-
ly resected tumor specimens or explanted livers. Many have un-
successfully researched non-invasive markers of mVI that could
reliably predict presence of mVI before resection or LT without
biopsy. A correlation between mVI and size of lesion [16], num-
ber of lesions [17], desgammacarboxyprothrombin level [18, 19]
and histological grade [20] but not with pre-transplant imaging
features is often apparent. There is an increasing tribe of scientists
that is convinced that mVI presence is the most important predic-
tor of inferior DFS after LT and reliable prediction of mVI before
LTwith or without biopsy is the key to selection of patients with
HCC who would benefit most from LT.

Peri and post-transplant events also tend to influence survival
outcomes after LT for HCC [21]. Swiss researchers outlined a
five-pronged strategy to optimize outcome of LT for HCC [22]:
select patients with low baseline circulating tumor cells, decrease
peri-transplant release of cells, prevent engraftment of circulating
tumor cells, use anti-cancer drugs after LT and tune immunity to
clear tumor cells after LT. Type of liver graft used [23, 24], recur-
rence of disease (hepatitis B or C, alcohol recidivism) [24–26],
episodes of acute cellular rejection as well as type of maintenance
immunosuppression [27] employed have been reported to impact
HCC recurrence rates. Therefore, capturing these data for analysis
seems important to ensure that the groups are comparable for
accurate statistical applications tobe applied and correct inferences
drawn.

In this issue of the Indian Journal of Gastroenterology, El-
Fattah present an analysis of surveillance, epidemiology and
end-results (SEER) data of patients who underwent LT for
HCC. In their report titled ‘Hepatocellular carcinoma biology
predicts survival outcome after liver transplantation in the
United States’ the author conclude that primary HCC ≤2 cm

had an excellent prognosis after LT, which is not affected by
presence of mVI or poor differentiation [28]. Since patholog-
ical features are representative of tumor biology, the contra-
diction between the title and their most prominent conclusion
is striking.

A cancer registry is a systematic collection of data about
cancer including history, diagnosis, treatment and status.
While registry data does present opportunities for research,
there are inherent challenges to making appropriate references
and clinical recommendation based on them. Before analyzing
the registry data for meaningful inferences to be drawn, certain
boxes need to be ticked [29]. First, the analytic population
must be truly representative of the total population of the
database to eliminate bias. Secondly, one must consider
whether all the important covariates were collected, whether
the data were complete and whether the missing data were
handled appropriately. To be meaningful, the registry should
have accurate, well defined and complete information includ-
ing potential confounding and effect modifying factors.
Missing data needs to be assessed not just for what is missing
but also why it is missing and the data appropriately censored
if needed. Without this process, simple exclusion of missing
data, while convenient, tends to introduce elements of bias
making the analytic population less representative of the target
population of the registry.

SEER is an authoritative source of information on cancer
incidence and mortality in the United States of America cur-
rently covering 28% of the population. It includes data for
HCC incidence, patient demographics, treatment and survival
it does not capture liver transplant specific data like waiting
period, bridging procedures while waiting, type of transplant,
post-transplant immunosuppression all of which are known to
influence survival.

For the analysis El-Fattah, retrieved data of 1162 patients
from the SEER database who underwent LT from primary
HCC ≤5 cm between 2004 and 2012 [28]. Of these, final
cohort had 570 cases after excluding those diagnosed at au-
topsy or death, without active follow up and cases with in-
complete information of follow up time, alpha-fetoprotein
(AFP) and pathologic data and those with fibrolamellar
HCC. For statistical analysis, they used a cutoff size of 2 cm
guided by the findings of other studies that prognostic role of
mVI disappears for HCC ≤2 cm [30]. The median tumor size
of this cohort was only 2.5 cm (range 1.5–3.2 cm) and the
largest only 3.2 cm although the data for solitary HCC ≤5 cm
was under consideration. The size of tumor was determined on
pre-transplant imaging but the mode of imaging and time pe-
riod between last imaging and LT surgery is not clarified.
There is no data available or analyzed pertaining to duration
from detection to transplant, presence or absence of chronic
liver disease, etiology of liver disease or details of bridging
procedures performed in the waiting period. The type of trans-
plant performed (whole liver vs. partial graft), donor (living
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vs. deceased), underlying liver quality (cirrhosis vs. fibrosis
vs. normal liver) that have been shown to influence CSS in
other studies [23, 24] are conspicuous by their absence in this
analysis.

El-Fattah. proffered that male sex, tumor size, poor diffe-
rentiation and elevated pre-LT AFP was associated with sig-
nificantly higher prevalence of HCC with mVI while age,
race, marital status and year of diagnosis were not. Poor his-
tological differentiation was significantly more frequently en-
countered in HCC >2 cm, patients of Asian descent and those
with elevated pre-LTAFP but age, sex, year of diagnosis and
marital status did not seem to have any bearing. For the entire
analyzed cohort of 570, 1-, 3-, 5- and 7-year cancer specific
survival (CSS) was 97%, 92%, 87%, and 84%, respectively.
Individuals aged >60, with tumor size >2 cm and elevated pre-
LT AFP experienced poorer CSS but there was no impact of
gender or marital status.

The 1-, 3-, and 5-year OS as well as CSS was inferior in the
mVI+ group but presence or absence of mVI had no bearing
on 1-, 3-, and 5-year CSS in those with HCC ≤2 cm. In HCC
>2 cm, mVI presence increased risk of cancer specific mortal-
ity 2.26 fold. It is well known that smaller HCC tend to have
less mVI. This was also borne out in this analysis (10.4% for
≤2 cm and 19.5% for >2 cm). Since mVI was relatively rare
(less than 1 in 10 cases of lesions ≤2 cm) as compared to other
studies [31], it is debatable whether such conclusion drawn
can be directly applied prospectively to selection of LT for
HCC ≤2 cm. This issue would have been better elucidated
had two matched groups of LT recipients with HCC ≤2 cm
with and without mVI based on pre-transplant assessment
were compared. With priority MELD points allocated by
UNOS in early 2000s and subsequent emergence of non-
surgical interventions as competing strategies for small
HCC, it is quite unlikely that patients with HCC ≤2 cm would
undergo upfront LT in sufficient numbers for these data to be
validated or even relevant in the future.

Poor differentiation was associated with significantly
poorer OS and CSS at 1, 3, and 5 years than well or moder-
ately differentiated HCC. After adjusting for age, mVI, AFP
and gender, those with poorly differentiated HCC had 2.26-
fold higher risk of cancer specific mortality only among those
with size >2 cm.

Age >60, presence of mVI and poor differentiation were
predictors of inferior CSS in those with HCC >2 cm but these
had no significant impact on CSS when tumor size was ≤2 cm.
Since only 6.3% of tumors ≤2 cm had poor differentiation,
similar concerns need to be raised regarding whether this sta-
tistical conclusion can be extrapolated or externally validated
to less ‘privileged’ cohorts than the one analyzed by El-Fattah.

Based on their statistical analysis, acknowledging the ob-
vious limitations of their study, El-Fattah recommend that
tumor size of solitary HCC be included in American Joint
Committee on Cancer (AJCC) staging system and resection

for pathological assessment is unnecessary while offering LT
for HCC ≤2 cm except in elderly patients (>60 years). These
conclusions while tantalizing if reproducible and applicable to
general population, fall short on rigorous scrutiny for afore-
mentioned reasons. While the authors deserve to be
commended for their efforts, in the real world scenario, until
the severe graft shortage is overcome, almost no patient with
solitary HCC ≤2 cm will be offered upfront liver transplanta-
tion using a deceased donor organ. Since MELD priority
points were awarded by UNOS from 2002 even for lesions
≤2 cm, the SEER data probably included significant numbers
of such cases before revision of points by UNOS.
Mathematical models have computed that unless there is more
than 30% progression related wait list dropout among patients
and more than 10% waitlisted patients for LT have HCC as
indication, preferential allocation to HCC patients increases
wait list mortality among those not having HCC [32].

With no priority points on offer for small lesions any lon-
ger, such data are unlikely to be reproducible and available for
analysis in the USA.Where living donor situation is prevalent,
in single HCC ≤2 cm, liver resection if feasible or a non-
surgical option like RFA or transarterial chemoembolization
and salvage LDLT would be the most commonly offered op-
tion at most centers. This strategy comes without risk to the
living donor and many studies have demonstrated salvage
transplant to offer equivalent outcomes [33]. Some have rec-
ommended pre-emptive LT for those with mVI+ in resection
specimens, but there is no consensus yet in this regard [34].

Although suffering from limitations regarding data quality,
representativeness of analyzed population, incompleteness of
covariates, the analysis performed by El-Fattah. reaffirms two
important facts: that LT is an effective and durable treatment
for HCC and selection of candidates based on tumor morphol-
ogy and biology (grade and mVI) is an important determinant
of post-transplant outcome. However, a focused prospectively
maintained database of patients with HCC who have under-
gone LT that captures data of pre-transplant, peri-transplant
and post-transplant variables will need to be analyzed for
making inferences that could be applied to the general popu-
lation and aid clinical decision making. In earnest hope, we
await such a holy grail.
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