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Background & Aims: Number-needed-to-treat is used in assess-
ing the effectiveness of a health-care intervention, and reports
the number of patients who need to be treated to prevent one
additional bad outcome. Although largely used in medical litera-
ture, there are no studies measuring the benefit of liver trans-
plantation (LT) over hepatic resection (HR) for hepatocellular
carcinoma (HCC) in terms of ‘‘Number of patients needed to
transplant (NTT).’’
Methods: Exclusion criteria: Child-Turcotte-Pugh (CTP) Classes
B–C, very large (>10 cm) and multi-nodular (>2 nodules)
tumours, macroscopic vascular invasion and extra-hepatic
metastases. Study population: 1028 HCC cirrhotic patients from
one Eastern (n = 441) and two Western (n = 587) surgical units.
Patient survival observed after HR by proportional hazard regres-
sion model was compared to that predicted after LT by the
Metroticket calculator. The benefit obtainable from LT compared
to resection was analysed in relationship with number of nodules
(modelled as ordinal variable: single vs. oligonodular), size of
largest nodule (modelled as a continuous variable), presence of
microscopic vascular invasion (MVI), and time horizon from sur-
gery (5-year vs. 10-year).
Results: 330 patients were beyond the Milan criteria (32%) and
597 (58%) had MVI. The prevalence of MVI was 52% in patients
within Milan criteria and 71% in those beyond (p <0.0001). In
the 5-year transplant benefit analysis, nodule size and HCC num-
ber were positive predictors of transplant benefit, while MVI had
a strong negative impact on NTT. Transplantation performed as

an effective therapy (NTT <5) only in oligonodular HCC with larg-
est diameter >3 cm (beyond conventional LT criteria) when MVI
was absent.

The 10-year scenario increased drastically the transplant ben-
efit in all subgroups of resectable patients, and LT became an
effective therapy (NTT <5) for all patients without MVI whenever
tumor extension and for oligonodular HCC with MVI within con-
ventional LT criteria.
Conclusions: Based on NTT analysis, the adopted time horizon
(5-year vs. 10-year scenario) is the main factor influencing the
benefit of LT in patients with resectable HCC and Child A
cirrhosis.
� 2014 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Liver transplantation (LT) is theoretically the best treatment for
patients with hepatocellular carcinoma (HCC) and cirrhosis, since
it cures both the tumour and the underlying liver disease [1]. Its
main limit is the scarcity of donor resources, leading to a high risk
of patient drop-out from the waiting list, and thus of death before
the LT [2]. When intention-to-treat survival is used as outcome
endpoint, hepatic resection (HR) potentially competes with LT
as main curative first line treatment for HCC patients [3]. The
term cure for HCC patients is quite relative and usually, in this
complex field, defines therapies reaching a 5-year survival higher
or equal to 50% [1,3,4]. The main limit of HR is that positive sur-
vival perspectives are limited to patients with compensated
cirrhosis.

There are several studies comparing HR and LT in this partic-
ular clinical setting [4]. Most of the studies support a strategy
based on HR as first line therapy and salvage LT in case of trans-
plantable tumour recurrence or severe liver decompensation.
There are several problems in these studies worth noting. First,
they generally compare therapies from a transplantation per-
spective only, since the main inclusion criterion is the fulfilment
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of the Milan criteria [4]. From this standpoint, many studies pres-
ent a selection bias in terms of liver function or tumour charac-
teristics and aggressiveness. Conversely, none of the studies in
this comparison were done from a HR perspective: i.e., analysing
transplantation performance in resectable HCC patients with
compensated cirrhosis independently from fulfilment of the
Milan criteria. In exploring this particular subgroup of patients,
conversely, it may be scientifically interesting not to propose an
expansion of current selection criteria for LT but to better sub-
stantiate biologically (i.e., increasing prevalence of MVI) why LT
is contraindicated in this population. Second, comparison
between LT and HR is usually limited to a 5-year survival per-
spective, while it is well known that the survival advantage of
LT is probably higher after this time-point. Last but not least,
intention-to-treat survival is the ideal outcome endpoint to be
used in well-designed prospective studies, but it cannot be used
as a good treatment decision tool since it is strictly dependent on
local waiting list characteristics [5,6]: i.e., patients with same
tumour characteristics but with longer waiting times have intrin-
sically lower intention-to-treat survival perspectives than
patients with a lower number of competitors or lower priority
points. An innovative priority-allocation endpoint has been
recently introduced in LT, the transplant survival benefit [7]. This
endpoint is based on the ratio and/or difference between post-LT
outcome and outcome before/without LT. Recent studies [8–10]
evaluating transplant benefit in HCC patients have studied
patients both within and beyond the Milan criteria. Moreover,
transplant benefit may be evaluated also using a non-waiting list
population, avoiding all the biases intrinsic to this kind of control
group.

One very popular measure to express benefits in clinical terms
is to calculate the ‘‘number needed to treat’’, which denotes the
number of patients who need to be treated with an experimental
therapy in order to have one additional favourable outcome in
comparison with the control therapy [11]. Number needed to
treat is the inverse of the absolute risk increase that is the differ-
ence between survivals at specific time points of survival curves.
This measure of benefit seems particularly appropriate for the
transplantation context in terms of number of patients/organs
needed to obtain an additional benefit over alternative therapies.

In this work we introduce the concept of number of patients/
organs needed to transplant (NTT) as indicator of the benefit of LT
over HR, and we generated a decision model derived from large
multi-centre cohorts and evaluating both a 5-year and a 10-year
post surgical scenario.

Methods

Study population and assumptions on model covariates

Data prospectively collected of 1137 cirrhotic patients in Child-Turcotte-Pugh
(CTP) Class A, without macroscopic vascular invasion and extra-hepatic metasta-
ses, consecutively seen and undergoing radical hepatectomy for HCC from Janu-
ary 2000 to December 2011 in one Eastern (n = 507) and two Western (Padua,
n = 256; Bologna, n = 374) surgical units, were reviewed. The diagnosis of cirrho-
sis was confirmed by the surgical specimens for all enrolled patients. The follow-
ing variables were recorded for each patient: age, sex, aetiology of underlying
liver disease, main serological parameters (total bilirubin, creatinine, prothrom-
bin time and/or INR, albumin, platelets count, a-fetoprotein levels), model for
end stage liver disease (MELD) score, and main tumour pathological characteris-
tics (number and size of lesions, tumour grade, microscopic vascular invasion).
Because data were scarce when tumour size was greater than 10 cm and had

more than 2 nodules, higher values were truncated at these thresholds. In total
113 HCC patients were excluded from the final analysis. Thus, the study group
used for survival analysis was based on 1024 patients, 441 from Shanghai, 358
from Bologna, and 229 from Padua. Size of largest nodule (SLN) was modelled
as a continuous variable, whereas number of nodules (single vs. oligonodular,
where oligonodular indicates the presence of two nodules), and microscopic vas-
cular invasion (MVI, presence or absence) were modelled as ordinal variables.

Post-HR and post-LT survival models

Overall survival was calculated from the baseline visit until death from any cause
or latest follow-up. Survival curves were estimated using the Kaplan-Meier
method, whereas the statistical significance between survival curves was tested
by the Log-Rank test. We performed several Cox’s multivariate analyses based
on the size of largest nodule (in cm), tumour number (single or oligonodular),
and MVI, and incrementally including each of the following covariates: age, sex,
hepatitis C cirrhosis, hepatitis B cirrhosis, MELD score, surgical centre, and
tumour grade. None of these covariates maintained statistical significance at mul-
tivariate Cox analysis. Thus, 5-year survival predictions on post-HR were per-
formed either based solely on the size of the largest tumour and number of
tumours, or also including MVI, as originally done for the Metroticket model
[12]. Cox model results were reported as hazard ratios (95% confidence interval)
estimates together with corresponding p values. Finally, we used the Metroticket
website (http://89.96.76.14/metroticket/calculator/) to calculate the predicted 5-
year survival rates (95% confidence interval) after LT according to nodule size,
number (1 or 2 nodules) and presence of MVI of each patient in the study group.
Statistical significance was set at p <0.05. The calculations were done with the
JMP package (1989–2003 SAS Institute Inc.).

Number needed to ‘‘transplant’’

The number needed to transplant (NTT) was defined as the reciprocal of the abso-
lute risk difference between post-LT and post-HR 5-year survival estimations
[11]. We calculated a NTT value for each enrolled patient using the predicted
5-year survival after HR (using the Cox model) and the hypothetical 5-year sur-
vival after LT (using the Metroticket model). We then obtained a distribution of
1024 NTT values, one for each resected patient. As a final step, we explored
how this distribution was influenced by the main variables considered in this
study: diameter of the largest nodule, number of nodules (one or two), and pres-
ence of MVI. This NTT variation was measured both graphically and by quantita-
tive determinations including 95% confidence intervals.

We represented the variation of NTT (dependent variable) as a function of
tumour diameter (independent variable) in patients with single or oligonodular
tumour. We explored this relationship either in a ‘‘morphological’’ model that
was based only on tumour size and number (without including MVI) or in a ‘‘bio-
logical’’ model that included also MVI. As in other experimental settings [13], we
defined three thresholds of NTT to give a clinical evaluation of transplant benefit
in resectable patients: a NTT value <5 was used to define an effective treatment, a
value between 5 and 15 identified a satisfactory therapy, and, finally, a value >15
described a treatment with low cure rate. A negative NTT indicates that the treat-
ment has an harmful effect. Finally, we calculated also 95% NTT confidence inter-
val (CI) from 95% CI 5-year survival predictions of the resection Cox models, and
from 95% CIs available in the Metroticket website.

Simulation of 10-year transplant benefit

To perform a descriptive analysis of the potential transplant benefit at 10-year in
resectable patients we performed a simulation analysis. Since most HCC recur-
rences after LT occur within the first 2 years [14] and based on recent evidences
on long term survival after LT [15,16], we assumed a low mortality rate between
years 5 and 10 post-transplantation of 2% per year. Thus, we estimated the 10-
year individual survival after LT as the 5-year individual post-LT survival (based
on Metroticket model) minus 10%.

Since the study population was very recent (study period 2000–2011), the
number of patients at risk to estimate 10-year survival after HR in different tumor
characteristics subgroups was too low. Based on a recent paper [17], we calcu-
lated, therefore, the hypothetical 5-year conditional survival of our patients sur-
vived 5-year after HR in the whole study group. In the Cucchetti’s study [17], the
5-year conditional survival calculation showed that patients resected for more
advanced (T3) tumors or with adverse histologic features will experience the
same survival probabilities as patients with less advanced tumors or favourable
histology from the third year after surgery onward, as they had probably escaped
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