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Abstract Aim: This study investigated how material deprivation in Italy influences the stage

of hepatocellular carcinoma (HCC) at diagnosis and the chance of cure.

Methods: 4114 patients from the Italian Liver Cancer database consecutively diagnosed with

HCC between January 2008 and December 2018 were analysed about severe material depriva-

tion (SMD) rate tertiles of the region of birth and region of managing hospitals, according to

the European Statistics on Income and Living Conditions. The main outcomes were HCC

diagnosis modalities (during or outside surveillance), treatment adoption and overall survival.

Results: In more deprived regions, HCC was more frequently diagnosed during surveillance,

while the incidental diagnosis was prevalent in the least deprived. Tumour characteristics did

not differ among regions. The proportion of patients undergoing potentially curative treat-

ments progressively decreased as the SMD worsened. Consequently, overall survival was bet-

ter in less deprived regions. Patients who moved from most deprived to less deprived regions

increased their probability of receiving potentially curative treatments by 1.11 times (95% CI

1.03 to 1.19), decreasing their mortality likelihood (hazard ratio 0.78 95% CI 0.67 to 0.90).

Conclusions: Socioeconomic status measured through SMD does not seem to influence HCC

features at diagnosis but brings a negative effect on the chance of receiving potentially curative

treatments. Patient mobility from the most deprived to the less deprived regions increased the

access to curative therapies, with the ultimate result of improving survival.

ª 2021 Elsevier Ltd. All rights reserved.
1. Introduction

The relationship between socio-economic status and

health is well-documented [1e3]. In addition, several
studies have consistently reported a progressive increase

in both all-cause and cancer mortality based on the

degree of material deprivation in different geographic

areas of the world [4e6]. Material deprivation measures

poverty by considering not only the financial resources

available but also the broader aspects of the standard of

living. It expresses the inability to afford certain ‘basic’

items, considered by most people as desirable or even
necessary, to lead a life adequate to financial pressures

and economic strains [4e6].

In the European Union (EU), liver cancer is one of

the five most common cancers, with hepatocellular

carcinoma (HCC) accounting for over 80% of them
[7,8]. Statistics from the UK Cancer Research Program

showed that the incidence of liver cancer in males is

107% higher in the most deprived areas than in the least

deprived. Furthermore, in the most deprived areas, liver

cancer mortality is 100% higher for males and 72%

higher for females when compared with the least
deprived [9]. Although these data indicate that depri-

vation affects both liver cancer incidence and mortality,

the underlying reasons received little attention.

The main determinants of survival after the diagnosis

of HCC are stage, the accuracy of staging and the

optimisation of available therapies [7,10e12].

Tumour incidence and local resources inevitably influ-

ence all these variables. Generally, the higher the inci-
dence of a disease, the better the healthcare pathway for

its screening, diagnosis and therapy. In Europe, Italy

ranks as the country with the highest incidence of HCC



A. Cucchetti et al. / European Journal of Cancer 158 (2021) 133e143 135
with an estimated number of patients diagnosed with

HCC of about 10.000 each year [7]. The guidelines of the

World Gastroenterology Organization on HCC define

high-resource countries as those in which liver trans-

plantation (LT) is available [11,12] and, consequently,

Italy represents a high-resource environment. However,

there are important economic and social inequalities

between Italian regions [13,14], and these differences
have an impact on the path leading from HCC preven-

tion to early diagnosis and access to optimal treatment.

For several decades, these inequalities have generated a

problem of interregional health mobility that moves

patients from the poorest to the least disadvantaged

regions in search of diagnoses and/or procedures that

are absent or not immediately accessible in their own

regions [15,16].
The present study evaluated how material depriva-

tion influences the stage of HCC at diagnosis, the access

to potentially curative treatments and the life expectancy

after detection in one of the EU countries burdened with

the highest incidence of this cancer.

2. Methods

Data collected in the ‘Italian Liver Cancer’ (ITA.L-

I.CA) database were used for the present study. Since

1987, ITA.LI.CA prospectively collected data on pa-

tients diagnosed with HCC and treated in 23 Italian

centres. Data entry is updated every 2 years and their
consistency is regularly checked by a dedicated coor-

dinator. ITA.LI.CA complies with Regulation 2016/

679 of the European Parliament on the protection of

personal data and with the ethical guidelines of the

Declaration of Helsinki. Out of the total of 7705 pa-

tients with HCC since 1987, 5196 patients diagnosed

between January 2008 and December 2018 were

selected. As 867 patients were missing details regarding
the region of origin and 215 patients were still awaiting

complete data entry, the present study included 4114

cases.

Surveillance for HCC based on liver ultrasound (with

or without a-fetoprotein determination) performed

every 6 � 1 or 12 � 1 months was offered to patients

considered at-risk according to European and national

recommendations concisely, patients with cirrhosis in
Child-Pugh class A and B, or C if transplantation was a

possible option, patients with chronic hepatitis B or

those with liver fibrosis � F3 [7,17e19]. HCC was

diagnosed by histology in 647 cases (15.7%) and typical

imaging features according to the international guide-

lines in the remaining [7,17]. Tumour number and size,

vascular invasion and metastatic spread were assessed

by computed tomography or magnetic resonance. The
choice of therapy was guided by the EASL recommen-

dations, modified according to the characteristics, cir-

cumstances and preferences of the individual patient,

after review by local multidisciplinary teams considering
the availability and/or accessibility of the various ther-

apeutic options within their region. Consequently, the

distribution of therapies in the participating centres was

expected to be non-homogeneous [20]. Treatments were

ranked hierarchically from the most to the least effective

as follows, LT, hepatic resection (HR), percutaneous

ablation (ABL) either with ethanol injection, radio-

frequency or microwave, intra-arterial therapies, sor-
afenib and best supportive care. Transplantation, HR

and ABL were considered as potentially curative treat-

ments [21].

2.1. Material deprivation rate

According to the European Statistics on Income and

Living Conditions, the material deprivation rate reflects

an individual’s ability to afford certain items widely

considered desirable for an adequately fulfilled life [22].

Severe material deprivation (SMD) rate is defined as the
inability to afford at least four of the following:

1. To pay rent, mortgage or utility bills

2. To keep home adequately warm

3. To face unexpected expenses

4. To eat meat or proteins regularly

5. To go on holiday

6. To have a television set

7. To have a washing machine

8. To have a car

9. To have a telephone.

Between 2008 and 2018, the average SMD rate of the

EU was 8.7%. The average percentage of individuals

included in this study (2008e2018) fulfilling the SMD

definition by Italian regions is reported in Fig. 1. Based

on SMD tertiles, Italian regions were classified as least

deprived (Q1), intermediate deprived (Q2) and most
deprived (Q3).
2.2. Inter-regional health mobility

For each hospital, the corresponding region was

matched with the corresponding SMD tertile by year of

diagnosis. For each patient, the region of birth was

matched, with the corresponding SMD tertile by year of
diagnosis. Between 1952 and 2018, the Italian National

Statistics Institute (ISTAT) estimated an inter-regional

residence transfer ranging from a maximum of 3.2%

between the 1950s and 1960s to an average of 1.8%

between 2008 and 2018 [23]. Therefore, the region of

birth corresponded to the region of residence at the time

of diagnosis with more than 95% of certainty. Patients

decided to remain in their region of birth for HCC
diagnosis and/or treatment or to move to hospitals

located in different regions to access different healthcare

resources, and this represents the interregional health

mobility that weights on our country [15,16].



Fig. 1. Average distribution of the severe material deprivation ratio between different regions in Italy between 2008 and 2018. Three areas

were identified based on severe material deprivation tertiles: least deprived (Q1), intermediate deprived (Q2) and most deprived (Q3). The

same region may have belonged to different tertiles between 2008 and 2018 (e.g. Abruzzo belonged to Q1 for one year (2012), to Q2 for 7

years and to Q3 for 4 years).

A. Cucchetti et al. / European Journal of Cancer 158 (2021) 133e143136
2.3. Statistical analysis

Missing data for covariates were <10% and replaced

using the maximum likelihood estimation method [21].

Pearson’s chi-square test or simple regression were

adopted when searching for relationships between vari-

ables and deprivation. In analysing probabilities of
receiving surveillance or potentially curative therapies, a
binomial regression (simple generalised linear model)

was applied. Multinomial logistic regression was used to

investigate the effect of medical migration on different

probabilities of receiving each treatment. Overall sur-

vival (OS) was computed from HCC diagnosis until
death (from any cause) or last follow-up visit. For pa-

tients diagnosed during surveillance, lead-time bias

correction was applied according to Duffy et al. [24] and
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Cucchetti et al. [25]. Cox regression was applied to verify

the determinants of survival. For each regression

applied, variables with p < 0.10 at the univariate

approach were included in the multivariable analyses.
3. Results

Characteristics of the 4114 patients with HCC in the

study are reported in Table 1. Based on SMD of Italian

regions, 1350 patients (32.8%) belonged to Q1, 1067 to

Q2 (25.9%) and 1697 to Q3 (41.3%). At the time of HCC

diagnosis, the more deprived the region of birth, the

younger the patients were, and the higher the proportion

suffering from chronic hepatitis B or C (p < 0.001).

Conversely, non-alcoholic steatohepatitis or alcoholic
liver disease were more prevalent in the less deprived

regions of birth (p < 0.001; Table 1). Patients from least

deprived regions were more frequently diagnosed inci-

dentally, during investigation for some other complaint,

than those from other regions (p < 0.001), whereas

patients from more deprived regions were more

frequently diagnosed during surveillance (p < 0.001).

The symptomatic diagnosis was similarly distributed
through regions.

Most patients were diagnosed and treated in hospitals

located in their own regions. Nevertheless, this propor-

tion progressively decreased as the deprivation wors-

ened. Indeed, 93.6% of patients in Q1, 87.8% in Q2 and

61.4% in Q3 were treated locally (p < 0.001). The end

result of patient mobility was that 1716 patients (41.7%)

were managed in hospitals located in Q1, 1319 patients
Table 1
Epidemiological and clinical characteristics of 4114 patients diagnosed wit

Variables Region of birth of patientsa

Least deprived (n Z 1350) Intermedi

Age [years, mean (SD)] 69.0 (11.2) 67.6 (12.9

>65 years 901 (66.7%) 673 (63.1%

Male gender 1070 (79.3%) 826 (77.4%

Aetiologyc

Hepatitis C 597 (44.2%) 562 (52.7%

Hepatitis B 110 (8.2%) 98 (9.2%)

NASH 211 (15.6%) 124 (11.6%

Alcohol 427 (31.6%) 229 (21.5%

PBC/Other 149 (11.0%) 131 (12.3%

MELD [score, mean (SD)] 10.1 (3.9) 10.4 (3.7)

>10 431 (31.9%) 407 (38.1%

Diagnosis modality

Surveillanced 706 (52.3%) 558 (52.3%

Incidental 473 (35.0%) 348 (32.6%

Symptoms 171 (12.7%) 161 (15.1%

SD Z standard deviation; PBC Z primary biliary cirrhosis; NASH Z non

(Z 9.57xln (creatinine (mg/dL)) þ 3.78xln (bilirubin (mg/dL)) þ 11.2xln(I
a Region of birth represents the region of residence with a certainty of >
b P-value for linear trend.
c One patient can have more than one cause of liver disease, consequent
d Patients with viral hepatitis had HCC diagnosed through surveillance

surveillance in 644 cases out of 1555 (41.4%; p < 0.001).
in hospitals in Q2 (32.1%) and 1079 patients in hospitals

in Q3 (26.2%).

Tumour features were similar when stratified by

hospitals belonging to different regions (Table 2).

However, the more deprived the hospitals’ region, the

lower the proportion of patients submitted to potentially

curative therapies. Indeed, in hospitals located in Q1,

56.9% of patients received potentially curative therapy,
this proportion was 51.6% in hospitals located in Q2 and

50.3% in hospitals in Q3 (p < 0.001). Median OS was

higher in the less deprived regions, ranging from 42.2

months in the least to 35.2 months in the most deprived

regions (p Z 0.008).

The likelihood of being diagnosed with HCC during

surveillance (Table 3) was higher for females, for pa-

tients with model for end-stage liver disease score �10,
and for those bearing viral hepatitis regardless of pa-

tients’ regions (p < 0.05 for all these conditions in each

region). Mobility toward less or more deprived regions

did not affect the probability of being diagnosed during

surveillance.

As expected, the adoption of potentially curative

treatments (Table 4) mostly depended on model for end-

stage liver disease score, tumour burden, performance
status and presence of neoplastic vascular invasion, with

a similar magnitude across different regions (p < 0.05

for each variable in each region). At multivariable

analysis, the mobility from the most deprived regions

toward less deprived regions increased the probability of

receiving potentially curative treatments by 1.11 times

(95% CI: 1.03e1.19, p Z 0.006), independently from

other features.
h HCC between January 2008 and December 2018 by SMD tertiles.

p-valueb

ate deprived (n Z 1067) Most deprived (n Z 1697)

) 66.9 (12.1) <0.001

) 1054 (62.1%) 0.009

) 1297 (76.4%) 0.065

) 1004 (59.2%) <0.001

213 (12.6%) <0.001

) 169 (9.9%) <0.001

) 214 (12.6%) <0.001

) 187 (11.0%) 0.936

10.1 (3.8) 0.952

) 559 (32.9%) 0.696

) 1035 (61.0%) <0.001

) 475 (28.0%) <0.001

) 187 (11.0%) 0.128

-alcoholic steatohepatitis; MELD Z model for end-stage liver disease

NR) þ 6.43 [7]).

95% according to national statistics [22].

ly the sum of proportions does not sum 100%.

in 1655 cases out of 2559 (64.7%), whereas non-viral patients had



Table 2
Tumour features, adoption of potentially curative treatments and survivala in the 4114 patients according to the regional deprivation of the

managing hospital.

Variables Region of the hospital p-valueb

Least deprived (n Z 1716) Intermediate deprived (n Z 1319) Most deprived (n Z 1079)

Tumour size [cm, (mean, SD)] 3.8 (2.8) 3.9 (2.9) 3.6 (2.6) 0.102

Tumour number

Single 978 (57.0%) 742 (56.3%) 610 (56.5%) 0.779

2e3 nodules 552 (32.2%) 434 (32.9%) 360 (33.4%) 0.501

>3 nodules 186 (10.8%) 143 (10.8%) 109 (10.1%) 0.567

Presence of MaVI 203 (11.9%) 160 (12.2%) 128 (11.9%) 0.947

Within Milan criteriac 1103 (64.3%) 818 (62.0%) 718 (66.5%) 0.343

ECOG 0e1 1553 (90.5%) 1169 (88.6%) 956 (88.6%) 0.085

Potentially curative therapies 977 (56.9%) 680 (51.6%) 543 (50.3%) <0.001

Survival [mo, (median, 95% CI)]a 42.2 (38.2e46.9) 38.3 (35.5e45.1) 35.2 (31.2e41.2) 0.008

SD Z standard deviation; ECOG Z Eastern cooperative oncology group (0 Z fully active, able to carry on all pre-disease performance without

restriction; 1 Z restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature [7]);

MaVI Z macroscopic (neoplastic) vascular invasion; mo Z months.
a Survival was adjusted for lead-time bias for patients diagnosed through surveillance.
b P-value for linear trend.
c Identified patients with single tumour �5 cm or no more than 3 tumours �3 cm, without MaVI or extra-hepatic spread.

A. Cucchetti et al. / European Journal of Cancer 158 (2021) 133e143138
Details on the likelihood of receiving each therapy

with mobility are reported in Fig. 2. Mobility from Q1

toward more deprived regions returned a �6.8% prob-

ability of undergoing ABL (p Z 0.011) and a þ2.9%

probability of receiving palliative therapies (p Z 0.041).
Patients from the Q2 regions had a �2.4% probability of

receiving palliative therapies if they moved toward Q1

(p Z 0.002). Finally, patients who moved from Q3 to

less deprived regions increased their probabilities of LT

of þ2.5% (p Z 0.003) and of HR of þ6.9% (p Z 0.007).

When OS was stratified by patients’ deprivation re-

gion of birth, no differences were observed among

deprivation tertiles. The median OS was 42 months
(95% CI: 37.3e47.5) for patients belonging to Q1, 36.2

months (95% CI: 29.1e42.3) for Q2 and 39.2 months

(95% CI: 31.1e44.3) for Q3 (p Z 0.108).

Determinants of survival (Table 5) were age, tumour

burden, liver function, performance status and
Table 3
Relative risk of hepatocellular carcinoma diagnosis through surveillance

characteristics.

Region of birth of patientsa

Least deprived (n Z 1350)

Age � 65 years 0.93 (0.83e1.04)

Female 1.25 (1.14e1.39)y
Viral hepatitis 1.51 (1.35e1.70)y
MELD � 10 1.15 (1.03e1.28)z
Mobility to more deprived regions 0.79 (0.61e1.02)

Mobility to less deprived regions e

y <0.001; z <0.05.

MELD Z model for end-stage liver disease (Z 9.57xln (creatinine (mg/dL
a Region of birth represents the region of residence with a certainty of

represent 95%, confidence bands. Results derived from simple generalised l

p > 0.10 or from the moment of exit at the backward selection of multivar

simplicity. Reference conditions of RR values were the absence of the cond

the region of birth and region in which the hospital was situated were in t
neoplastic vascular invasion, with a similar magnitude

through different regions (p < 0.05 for each variable in

each region). At multivariable analysis, for patients

belonging to the most deprived regions, the possibility of

travelling to a less deprived region increased survival
probabilities, being the adjusted mortality hazard ratio

of 0.78 (95% CI: 0.67e0.90 p Z 0.001).

4. Discussion

The landmark study of Preston et al. in 1975, established

the relationship between national income and life ex-

pectancy [26]. This is expected at the population level, as

the protective effects of income are substantial. How-
ever, the present study focused on patients with

HCC suggests that there are other aspects to consider

when evaluating how socioeconomic status can affect

health.
, according to different material deprivation regions and patients’

Intermediate deprived (n Z 1127) Most deprived (n Z 1785)

0.95 (0.85e1.09) 0.99 (0.98e1.01)

1.22 (1.10e1.37)y 1.09 (1.03e1.15)z
1.67 (1.45e1.92)y 1.38 (1.25e1.53)y
1.22 (1.09e1.39)z 1.11 (1.02e1.20)z
0.98 (0.81e1.19) e

0.86 (0.52e1.39) 0.96 (0.89e1.04)

)) þ 3.78xln (bilirubin (mg/dL)) þ 11.2xln(INR) þ 6.43 [7]).

>95% according to national statistics [23]. Numbers in parenthesis

inear models for the binomial family regression of each variable with

iable approach when p > 0.10. Each univariable result is omitted for

ition reported here. For mobility, the reference condition was where

he same deprivation tertile.



Table 4
Relative risk of receiving potentially curative treatments according to different material deprivation regions and patients’ characteristics.

Variables Region of birth of patientsa

Least deprived (n Z 1350) Intermediate Deprived (n Z 1127) Most Deprived (n Z 1785)

Age � 65 years 1.04 (0.94e1.14) 1.04 (0.92e1.17) 1.09 (0.98e1.19)

Female 1.01 (0.92e1.11) 1.05 (0.92e1.20) 1.04 (0.93e1.15)

Viral hepatitis 1.12 (0.98e1.22) 1.09 (0.96e1.23) 1.08 (0.99e1.18)
MELD � 10 1.22 (1.09e1.35)y 1.29 (1.15e1.47)y 1.31 (1.18e1.46)z
Within Milan criteriab 1.36 (1.22e1.51)y 1.50 (1.31e1.72)y 1.55 (1.38e1.74)y
ECOG 0e1 1.89 (1.41e2.55)y 2.62 (1.78e3.86)y 2.48 (1.74e3.54)y
Absence of MaVI 5.26 (3.19e8.66)y 3.24 (2.06e5.12)y 3.87 (2.56e5.84)y
Mobility to more deprived regions 0.86 (0.67e1.07) 1.01 (0.84e1.23) e

Mobility to less deprived regions e 0.98 (0.63e1.52) 1.11 (1.03e1.19)z
y <0.001; z <0.05.

MELD Z model for end-stage liver disease; SD Z standard deviation; PBC Z primary biliary cirrhosis; NASH Z non-alcoholic steatohepatitis;

MELD Z model for end-stage liver disease (Z 9.57xln (creatinine (mg/dL)) þ 3.78xln (bilirubin(mg/dL)) þ 11.2xln(INR) þ 6.43 [7]);

ECOGZ Eastern Cooperative Oncology Group (0Z fully active, able to carry on all pre-disease performance without restriction; 1Z restricted in

physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature [7]); MaVI Z macroscopic (neoplastic)

vascular invasion.
a Region of birth represents the region of residence with a certainty of >95% according to national statistics [23]. Numbers in parenthesis

represent 95%, confidence bands. Results derived from simple generalised linear models for the binomial family regression of each variable with

p > 0.10 or from the moment of exit at the backward selection of multivariable approach when p > 0.10. Each univariable result is omitted for

simplicity. Reference conditions of RR values were the absence of the condition reported here. For mobility, the reference condition was where

the region of birth and region in which the hospital was situated were in the same deprivation tertile.
b Identified patients with single tumour �5 cm or no more than 3 tumours �3 cm, without MaVI or extra-hepatic spread.
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World Bank classified Italy as a ‘high-income econ-

omy’ country [27] and with more than 20 LT centres

Italy has high resources for the treatment of HCC

[11,12]. However, Italy suffers from income disparities.

The European Statistical Office currently places Italy’s
income inequality ratio above the EU average, and the

most deprived Italian regions have SMD rates such as

those of lower-income countries such as Greece,

Lithuania and Hungary [28].

Our study shows that HCC survival was related to

deprivation when deprivation tertiles were identified by

hospitals’ regions but not by patients’ regions. There-

fore, from the patients’ perspective, determinants of
mortality for HCC are more complex than simply

geographical origin, and the phenomenon of inter-

regional health mobility represents a backbone of

them. Indeed, a remarkable proportion of patients

moved from more deprived regions toward hospitals of

less deprived ones in search of better healthcare [14,15].

In the most deprived area, this phenomenon occurred in

up to 40% of cases, reversing the proportions between
the patients’ origin region and hospital region.

Accordingly, although most HCC cases came from more

deprived regions, most of them were managed in a

hospital located in less deprived regions where the

chances of receiving potentially curative therapies

increased by 4e8% and, even more importantly, median

OS increased by about 12 months.

Having identified a geographic variation with impor-
tant public health implications, we looked at the possible

causes. First, the chance of cure was not determined by

access to diagnostic facilities. When stratified by patient’

region of birth, the diagnosis of HCC was obtained more
frequently during surveillance in the most deprived re-

gions, possibly because of the higher prevalence of

chronic viral hepatitis, for which guidelines indicate

exactlywhen patients should enter a surveillance program

[17,19]. When they were reorganised by hospitals’ re-
gions, no differences were observed with respect to

tumour characteristics or diagnostic modality. However,

the more deprived the region of hospitals, the lower the

proportion of patients undergoing potentially curative

therapies and the mobility from these toward hospitals in

the least deprived regions increased the possibility of

receiving such therapies. The exact opposite occurred

when health mobility had the reverse direction.
Patients moved from more deprived to less deprived

regions were more likely to receive LT and HR, while

the ABL rate remained unchanged. It is possible that

there is a different referral rate to a liver or transplant

surgeon between most and least deprived regions or that

surgeons act differently between regions. That is, pa-

tients with HCC who were not ideal candidates for HR

or LT in their own regions may have moved to less
deprived regions capable of incurring higher costs for

additional preoperative assessments and prolonged

postoperative courses [29e31]. On the opposite,

mobility from less to more deprived regions reduced the

likelihood (�6.8%) of being treated with ABL, which is

mainly indicated for small tumours [7], probably shifting

patients to surgery (þ5.1%), which is easier in small

superficial lesions that require a more challenging
ablation approach [32]. Alternatively, even though these

patients had small tumours, they were not considered

ideal surgical candidates and consequently moved to

intra-arterial therapies (þ5.7%).



Fig. 2. Results from multinomial logistic regression model showing that the probability of receiving a given treatment was modified by

patients’ mobility across different deprived regions.

A. Cucchetti et al. / European Journal of Cancer 158 (2021) 133e143140
For LT, the scenario is more complex. In Italy, there

is great variability in the rate of organ donation between

the most deprived (lowest) and the least deprived

(highest) regions [33]. Furthermore, the graft allocation

system varies between different areas so that donated

organs are not distributed with a unique system at the
national level [32]. Consequently, the scarcity of donors

negatively affects the feasibility of LT in centres located
in the most deprived regions [33], while centres in the

least deprived regions can transplant even patients from

other regions, thanks to the higher donation rate and

greater use of extended transplantation criteria and

down-staging procedures [34,35]. Obviously, this policy

is expensive and considering the large remarkable pro-
portion of patient’s mobility toward less deprived re-

gions (38.6% in our study); it is affordable only for



Table 5
Hazard ratios for overall survival according to different material deprivation regions and patients’ characteristics.

Variables Region of birth of patientsa

Least deprived (n Z 1350) Intermediate deprived (n Z 1127) Most deprived (n Z 1785)

Age � 65 years 0.77 (0.64e0.91)y 0.86 (0.73e0.98)z 0.76 (0.66e0.86)y
Female 0.96 (0.79e1.17) 0.84 (0.68e1.04) 1.06 (0.90e1.25)

Viral hepatitis 0.90 (0.77e1.05) 0.92 (0.77e1.09) 0.89 (0.77e1.04)
MELD � 10 0.57 (0.48e0.67)y 0.54 (0.46e0.65)y 0.60 (0.59e0.81)y
Within Milan criteriab 0.74 (0.62e0.87)y 0.74 (0.62e0.88)y 0.69 (0.59e0.81)y
ECOG 0e1 0.52 (0.41e0.65)y 0.42 (0.33e0.54)y 0.48 (0.38e0.59)y
Absence of MaVI 0.30 (0.24e0.38)y 0.41 (0.32e0.52)y 0.32 (0.27e0.40)y
Mobility to more deprived regions 1.13 (0.83e1.52) 1.10 (0.84e1.44) e

Mobility to less deprived regions e 0.82 (0.41e1.66) 0.78 (0.67e0.90)z
y <0.001; z <0.05.

MELD Z model for end-stage liver disease (Z 9.57xln (creatinine (mg/dL)) þ 3.78xln (bilirubin (mg/dL)) þ 11.2xln(INR) þ 6.43 [7]);

ECOGZ Eastern Cooperative Oncology Group (0Z fully active, able to carry on all pre-disease performance without restriction; 1Z restricted in

physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature [7]); MaVI Z macroscopic (neoplastic)

vascular invasion.
a Region of birth represents the region of residence with a certainty of >95% according to national statistics [23]. Numbers in parenthesis

represent 95%, confidence bands. Results derived from simple Cox regression of each variable with p > 0.10 or from the moment of exit at the

backward selection of multivariable approach when p > 0.10. Each univariable result is omitted for simplicity. Reference conditions of HRs were

the absence of the condition reported here. For mobility, the reference condition was where the region of birth and region in which the hospital

was situated were in the same deprivation tertile.
b Identified patients with single tumour �5 cm or no more than 3 tumours �3 cm, without MaVI or extra-hepatic spread.
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regions with the highest total health expenditure per

capita.

The major limitations of this study are the extent to

which our population is representative of the whole

Italian HCC population and the sample size of some

subgroups. First, from European and national statistics

[7,8,36,37], about 10.000 HCC cases are expected each
year, and the present study enrolled only about 6% of all

potential patients. However, ITA.LI.CA is the largest

dataset on HCC available in our country, with all re-

ported clinical and treatment features; therefore, we can,

unfortunately, state that the largest part of potential

data is currently lost. Analysing data provided by na-

tional statistics for 2008e2018, by patients’ region of

residence [36,37], we observed that the least deprived
regions had an SMD index of 5.6% and mortality for

liver cancers of 15.0/100.000 inhabitants and that this

figure was comparable to that observed in the most

deprived regions of 14.5/100.000 but in the presence of

an SMD of 15.5%. Intermediate deprived regions had a

mortality of 11.5/100.000 with an SMD of 7.2%. Thus,

there was no clear relationship between SMD and

mortality by patient region of residence, indicating that
national data support that the simple segregation of

survival according to the deprivation tertile of patients’

region did not produce clear differences. Nevertheless, a

relation between deprivation and mortality ensued when

our results were segregated by hospital region. All these

aspects are because of inter-regional health mobility.

Consequently, our findings might be likely representa-

tive of most of the HCC diagnosed in Italy. The second
limitation concerns the subgroup of patients who moved

from the least to the more deprived regions, representing

only 6.4% (86 patients) of the 1350 patients forming this
tertile. We acknowledge that data on treatment migra-

tion reported in Fig. 2 should be considered with

caution.

In conclusion, our study shows that, in a country like

Italy, with a ‘high-income economy’ but also with

regional income inequalities, a stringent relationship

between material deprivation and outcome of HCC ex-
ists mainly because of the access to potentially curative

treatments rather than to the timing of cancer diagnosis.

Inter-regional mobility from the most deprived regions

to hospitals of less deprived areas in search of better

healthcare is, unfortunately, a common phenomenon in

our country, resulting in an increased chance to undergo

curative therapies and in improved survival. This phe-

nomenon mitigates the survival gap existing among re-
gions with different degrees of material deprivation.

These findings provide an important message in ar-

ranging policies regarding national health systems. They

should prompt strategies aimed to equipoise the chance

of having the best management regardless of the area

where the patient lives or, alternatively, to convey all

patients with HCC toward centres with the highest re-

sources and proficiency.
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