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Abstract
Background & Aims: Chronic hepatitis D virus (HDV) often leads to end-stage liver 
disease and hepatocellular carcinoma (HCC). Comprehensive data pertaining to large 
populations with HDV and HCC are missing, therefore we sought to assess the char-
acteristics, management, and outcome of these patients, comparing them to patients 
with hepatitis B virus (HBV) infection.
Methods: We analysed the Italian Liver Cancer database focusing on patients with 
positivity for HBV surface antigen and anti-HDV antibodies (HBV/HDV, n = 107) and 
patients with HBV infection alone (n = 588). Clinical and oncological characteristics, 
treatment, and survival were compared in the two groups.
Results: Patients with HBV/HDV had worse liver function [Model for End-stage Liver 
Disease score: 11 vs. 9, p < .0001; Child-Turcotte-Pugh score: 7 vs. 5, p < .0001] than 
patients with HBV. HCC was more frequently diagnosed during surveillance (72.9% 
vs. 52.4%, p = .0002), and the oncological stage was more frequently Milan-in (67.3% 
vs. 52.7%, p = .005) in patients with HBV/HDV. Liver transplantation was more fre-
quently performed in HBV/HDV than in HBV patients (36.4% vs. 9.5%), while the 
opposite was observed for resection (8.4% vs. 20.1%, p < .0001), and in a competing 
risk analysis, HBV/HDV patients had a higher probability of receiving transplantation, 
independently of liver function and oncological stage. A trend towards longer survival 
was observed in patients with HBV/HDV (50.4 vs. 44.4 months, p = .106).
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1  |  INTRODUC TION

Hepatitis D virus (HDV) is a defective virus that requires the pres-
ence of hepatitis B virus (HBV) to infect the host.1 HDV infection 
can be acquired either concomitantly with HBV (co-infection), often 
resulting in a self-limited disease, or as a super-infection in patients 
who are already chronically infected with HBV, in this case fre-
quently leading to a progressive disease with an evolution to cirrho-
sis in the most cases.2,3 Chronic infection with HDV has a prevalence 
of approximately 5% among subjects with HBV, with an estimated 
worldwide prevalence of 12 million positive subjects, and with a 
wide geographic variation.4,5

Despite a relatively low prevalence in the general population – 
approximately .16% – chronic infection with HDV is estimated to be 
responsible for 20% of cases of hepatocellular carcinoma (HCC) as-
sociated with HBV infection.4,5 The mechanisms leading to hepatic 
carcinogenesis in patients with HBV/HDV infection have not been 
completely elucidated. The main responsible for the development 
of HCC in these patients is thought to be the presence of enhanced, 
ongoing necro-inflammatory and regenerative activities that are 
present in patients with dual infection.6,7 Figures regarding HCC 
associated with positivity for HBV/HDV have not been thoroughly 
described, as available data mainly derive from single-centre studies 
that often include a relatively low number of patients.8,9 Therefore, 
an updated profile of these patients and of their outcomes is cur-
rently lacking.

Chronic HDV infection, unlike infection with HBV or hepatitis C 
virus (HCV), is unique in the landscape of virus-associated chronic 
liver diseases since, until recently, treatment with proven efficacy in 
halting viral replication in patients with cirrhosis and, as a potential 
result, able to prevent the progression of liver disease and to reduce 
the risk of HCC development, was unavailable.10 This drawback 
offers the opportunity to describe the full picture of patients with 
positivity for HBV/HDV and HCC without potential modifiers of the 
disease trajectory related to the cure of the underlying infection.11 
In this regard, a description of a large population of patients with 
HCC and positivity for HBV/HDV may help better characterise these 
patients from the clinical and oncological points of view. Moreover, 
it may provide a potential benchmark against which to test the po-
tential benefit of recently available treatment for HDV infection.10,12 
Therefore, in this study, we exploited the Italian Liver Cancer (ITA.​
LI.​CA) database to describe the main clinical and oncological charac-
teristics and the outcome of a large population of patients with HCC 

and positivity for HBV/HDV, and compare these figures to those of 
patients with HBV alone.

2  |  METHODS

The current study examined data from the ITA.​LI.​CA database, in-
cluding data from more than 10 000 patients with HCC. This da-
tabase has prospectively gathered data on patients diagnosed and 
treated for HCC in Italian centres and is periodically updated (every 
2 years).13,14 The most recent update was performed in December 
2022, including patients from 23 centres.

For this study, patients with HCC were identified based on pos-
itivity for anti-HDV antibodies in patients with evidence of chronic 
HBV infection attested by the positivity of HBV surface antigen 
(HBsAg/anti-HDV, reported in the text as ‘HBV/HDV’) as the cause 
of liver disease in 1992–2022, and as a control group we selected 
patients with HCC and positivity for HBsAg and negativity for anti-
HDV antibodies (reported in the text as ‘HBV alone’) diagnosed 
in the same period. We excluded all patients with other causes of 
chronic liver disease such as those testing positive for anti-HCV an-
tibodies, with alcohol abuse (daily ethanol intake >60 g for women 
and >80 g for men, for >10 years, in the absence of any other cause 

Conclusions: In patients with HBV/HDV, HCC is diagnosed more frequently during 
surveillance, resulting in a less advanced cancer stage in patients with more deranged 
liver function than HBV alone. Patients with HBV/HDV have a heightened benefit 
from liver transplantation, positively influencing survival.

K E Y W O R D S

liver transplantation, outcome, survival, treatment

Key points

•	 Patients with hepatitis B virus (HBV)/hepatitis D virus 
(HDV) and hepatocellular carcinoma (HCC) are younger 
and with a more deranged liver function than patients 
with HBV infection alone, and a larger proportion re-
ceive a diagnosis of HCC under surveillance, thus result-
ing in a more favourable oncologic stage.

•	 Patients with HBV/HDV, due to these liver-related and 
oncological characteristics, and to the absence in the 
recent past of effective treatment for HDV, receive the 
highest benefit from liver transplantation.

•	 The results of this study provide the background against 
which, in the future, might be measured the potential 
benefit on clinical characteristics and oncological out-
come of HDV patients treated with bulevirtide antiviral 
therapy.
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of liver injury), hereditary or acquired liver storage disease, auto-
immune liver disease, and patients with human immunodeficiency 
virus infection.

The presence of cirrhosis was diagnosed through symptoms, 
medical history, physical examination, and results of laboratory tests 
together with unequivocal radiological evidence, or based on liver 
histology, when available.15,16 Liver function was evaluated using the 
Child-Turcotte-Pugh classification and the Model for End-stage Liver 
Disease (MELD) score, while patients' general well-being was as-
sessed by Performance Status (PS) according to Eastern Cooperative 
Oncology Group (ECOG) and Karnofsky score.17–19 Clinically signif-
icant portal hypertension was considered to be present whenever 
the presence of oesophageal varices, history of endoscopic band 
ligation, or a platelet count below 100 × 109L, were detectable.20

The diagnosis of HCC was made following International guide-
lines or with the recommendations of the Italian consensus on HCC 
available at the time of HCC diagnosis.21,22 Furthermore, the date 
of diagnosis, diagnostic modality of HCC (i.e., under periodic ultra-
sonographic surveillance, incidental or symptomatic), tumour mor-
phology [i.e., single lesion, multi-nodular (<3 nodules, ≥3 nodules), 
diffuse/infiltrating, and massive HCC] as well as the maximum size 
of the largest nodule were recorded. The Milan criteria were used 
to subdivide patients into non-advanced (Milan-in) and advanced 
(Milan-out) oncological stages23 Histological tumour grading (grade 
1: well-differentiated; grade 2: moderately differentiated; grade 3: 
poorly differentiated; grade 4: undifferentiated) was recorded in pa-
tients undergoing liver biopsy or surgical therapies.24

The principal treatment for HCC was recorded and subdivided 
into: surgical (liver transplantation and liver resection), ablative (ra-
diofrequency ablation, ethanol injection, and other ablative treat-
ments), and trans-arterial (transcatheter arterial chemoembolization, 
transarterial embolization, transarterial radioembolization), systemic 
(sorafenib and other palliative treatment), and best supportive care.

Survival was measured in months from the date of HCC diagno-
sis to the date of death or the last follow-up information. Causes of 
death were also recorded.

2.1  |  Statistical analysis

The Kolmogorov–Smirnov test was used to determine if the vari-
ables were normally distributed. The median and 95% confidence 
interval of the median (95% CI) were used to express the outcomes 
of continuous variables. Contingency tables were used to show 
the frequency and proportion of ordinal and nominal variables in 
the population. When comparing continuous variables between 
different patient groups, non-parametric Kruskal–Wallis or Mann–
Whitney tests were used. Pearson's χ2-test and Spearman's rank 
correlation index were applied to analyse the relationship between 
nominal variables and continuous variables. Variables with missing 
values were accepted as long as they influenced less than 10% of 
the sample; otherwise, they were eliminated from the analysis. For 
variables with missing data <10%, these were imputed by replacing 

them with a probable value estimated with multivariate imputation 
regression.25

Patients survival was analysed by Kaplan–Maier estimator 
curves, and the log-rank test was used to compare the survival dis-
tribution samples. The Cox proportional hazards model was adjusted 
for death-related risk factors identified by statistical analysis (the 
probability value for entering the model was p = .20). The association 
between cumulative survival probability and virological status of pa-
tients (i.e., HBV alone vs. HBV/HDV) was evaluated through compet-
ing risks survival analysis, accounting for transplant as a competing 
event. The Fine and Grey methodology was used for competing-risk 
regressions.26 Univariate and multivariate hazard ratios and 95% CI 
were reported, and 2 competing events were investigated: (i) death 
without liver transplantation, and (ii) receipt of a liver transplant.

The IBM SPSS Statistics, Release Version 25.0 (SPSS, Inc., 2017, 
Chicago, IL, USA, www.​spss.​com) and R (the R project, R version 
3.4.3; R Foundation for Statistical Computing, Vienna, Austria and 
EZR: https://​github.​com/​jinki​m3/​ezr) were used for the statistical 
analysis.

3  |  RESULTS

Figure S1 shows the flow of patients, with a final population of 695 
patients with HCC and chronic HBV infection: among them, 588 pa-
tients (84.6%) had HBV infection alone while 107 patients (15.4%) 
had HBV/HDV positivity. During the study period (1992–2022), the 
newly diagnosed cases of HCC increased every 4-year period until 
2014, a trend related to the increase in the number of ITA.​LI.​CA cen-
tres over these years. However, the proportion of cases of HCCs 
with HBV (HBV plus HBV/HDV) remained stable at approximately 
6% and similarly, among these cases, the proportion of HCCs attrib-
utable to HBV/HDV remained rather stable over the study period, 
ranging from 12.0% to 20.5% of HBV cases (Figure 1).

3.1  |  Patients' characteristics

Table  1 shows the main characteristics of patients subdivided ac-
cording to the aetiology of liver disease (HBV/HDV vs. HBV alone). 
Most patients were male with a significantly higher prevalence 
in HBV than in HBV/HDV patients (86.9% vs. 71.0%, p < .0001). 
Patients with HBV/HDV were significantly younger at the time of 
diagnosis of HCC than patients with HBV alone [56.3 years (IQR 
49.8–63.1) vs. 63.9 years (IQR 56.5–70.8); p < .0001]. No significant 
differences were observed in body mass index and functional status 
– evaluated by means of ECOG PS and Karnofsky score – between 
patients with HBV/HDV and those with HBV alone. No statistically 
significant difference was observed in the prevalence of comorbidi-
ties such as diabetes, cardiovascular disease, nephropathy, or res-
piratory diseases in the two groups of patients (Table S1).

Patients with HBV/HDV had significantly higher aminotransfer-
ase levels [ALT 2.0 × ULN (IQR 1.0–3.2) vs. 1.0 × ULN (IQR 1.0–2.0), 
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p < .0001; AST 2.2 × ULN (IQR 1.5–4) vs. 1.1 × ULN (IQR 1.0–2.0), 
p < .0001] and worse liver function – as evaluated by both the 
Child-Pugh-Turcotte score [7 (IQR 5–8) vs. 5 (IQR 5–6), p < .0001] 
and the MELD score [11 (IQR 9–14) vs. 9 (IQR 8–11), p < .0001] – 
as compared to patients with HBV alone. Lastly, both oesophageal 
varices (63.6% vs. 42.1%, p < .0001) and ascites (43.0% vs. 22.9%, 
p < .0001) were more prevalent among patients with HBV/HDV. In 
patients with oesophageal varices, these were large in 48.5% of 
HBV/HDV patients and in 41.9% of HBV alone patients.

3.2  |  Diagnosis and characteristics of HCC

Overall, the diagnosis of HCC was made during surveillance in 
55.5% (n = 386/695) of patients, incidentally in 24.9% (n = 173/695), 
and due to symptoms in 15.0% (n = 104/695). In detail, the diagno-
sis of HCC was more frequently made during surveillance in pa-
tients with HBV/HDV (72.9% vs. 52.4%, p = .0002), in whom both 
an incidental diagnosis (17.8% vs. 26.2%) and a diagnosis due to 
symptoms (4.7% vs. 16.8%) were significantly less frequent than in 
patients with HBV alone (p < .0001 for both comparisons). In pa-
tients whose diagnosis of HCC was made under surveillance, the 
median length of surveillance before HCC detection did not sig-
nificantly differ between patients with HBV/HDV and those with 
HBV alone [54 months (IQR 21–110) vs. 60 months (IQR 24–120)]. 
Diagnosis of HCC was made on a histological basis in 10.3% of 
patients with HBV/HDV (n = 11/107) and in 13.3% of patients with 
HBV alone (n = 78/588).

Table 2 shows the characteristics of HCC in the two groups of 
patients: while the number of HCC nodules was similarly distributed 

in the two groups of patients (uni-nodular vs. ≤3 nodules vs. >3 nod-
ules, p = .310), patients with HBV/HDV less frequently harboured 
tumours with diffuse/infiltrating or massive behaviour than patients 
with HBV alone (p = .023). The median diameter of the largest lesion 
was smaller in HBV/HDV than in HBV patients [2.2 cm (IQR 1.5–3.1) 
vs. 3 cm (IQR 2–5), p < .0001], and patients with HBV/HDV were 
more frequently classified as Milan-in (67.3% vs. 53.7%, p = .005). 
Lastly, we observed no difference in the proportion of patients with 
macro-vascular invasion or extra-hepatic spread between the two 
groups.

Tumour histology was available in 21 (19.6%) patients with HBV/
HDV and in 135 (23.0%) patients with HBV alone, and no differ-
ence in tumour grading was observed between the two aetiological 
groups (data not shown).

3.3  |  Treatment and outcome

In the whole cohort, the most frequent principal treatments for 
HCC were those potentially curative (surgical and ablative pro-
cedures: n = 380/695, 54.7%), with no significant difference be-
tween patients with HBV/HDV (60.7%, n = 65/107) and those with 
HBV alone (53.6%, n = 315/588). Considering surgical therapies, 
liver transplantation was more frequently carried out in patients 
with HBV/HDV than in those with HBV alone (36.4% vs. 9.5%), 
while the opposite occurred for surgical resection (8.4% vs. 20.1%, 
p < .0001). The proportion of patients who received ablative, or 
transarterial, therapies was similar to the two groups, as well as 
the proportion of patients who received the best supportive care 
alone (Table 3).

F I G U R E  1  Proportion of patients 
with HBV/HDV infection (white bars) 
in patients with HBV alone (black bars) 
across the years. Percentages above the 
bars refer to the proportion of patients 
with HBV/HDV, while numbers represent 
number of HDV/HBV patients on overall 
patients with HBV.

Pa�ents 475              468              643             826  
Years 1991–1994     1995–1998     1999–2002     2003–2006     2007–2010     2011–2024     2015–2018    2019–2022

1322 2537 2542 2094
(HBV) ( 5.3%)         (6.4%)         (4.8%)         (5.3%)         (8.2%)         (7.6%)          (5.4%)         (6.1%) 

HBV/HDV
HBV

12.0%
(3/25)

16.7%
(5/30)

12.9%
(4/31)

20.5%
(9/44)

17.9%
(19/106)

11.9%
(24/194)

18.1%
(25/138) 14.2%

(18/127)
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After a median follow-up of 26.4 months, 406 patients died (54 
HBV/HDV and 352 HBV alone), without difference between the two 
groups. Overall, most patients (55.6%) died due to HCC progression, 
followed by end-stage liver disease (15.5%). Notably, the propor-
tion of patients who died due to liver failure was higher in those 

with HBV/HDV compared with patients with HBV alone (27.5% vs. 
14.2%), while the opposite was observed for mortality attributable 
to HCC progression (41.2% vs. 59.0%, p = .006).

The median overall survival was 44.4 months (95% CI: 36.5–
52.2), with a trend (p = .106) towards longer survival in patients with 

Characteristics HBV (n = 588)
HBV/HDV 
(n = 107) p

Sex, male 511 (86.9) 76 (71.0) <.0001

Age, years 63.9 (56.5–70.8) 56.3 (49.8–63.1) <.0001

Body mass index, kg/m2 24.4 (22.6–26.6) 24.7 (21.8–28.4) .657

Smoker, active 119 (23.2) 29 (32.6) .101

ECOG performance status, score

0 461 (78.4) 83 (77.6) .914

1–2 106 (18.0) 20 (18.7)

3–4 21 (3.6) 4 (3.7)

Karnofsky performance status, % 90 (75–100) 90 (80–100) .531

Alanine aminotransferase, n × ULN 1 (1–2) 2 (1–3.2) <.0001

Aspartate aminotransferase, n × ULN 1.1 (1–2) 2.2 (1.5–4) <.0001

Platelet count, ×109/L 135 (86–189) 81 (56–115) <.0001

MELD score 9 (8–11) 11 (8–14) <.0001

Child-Turcotte-Pugh score 5 (5–6) 7 (5–8) <.0001

Clinically significant portal 
hypertension

275 (46.8) 85 (79.4) <.0001

Oesophageal varicesa

Absent 272 (57.9) 28 (26.2) <.0001

Present 198 (42.1) 68 (63.6)

Note: Data are shown as absolute value and percentage or median and interquartile range.
Abbreviations: HBV, hepatitis B virus; HDV, hepatitis D virus; ECOG, Eastern Cooperative 
Oncology Group; MELD, Model for End-stage Liver Disease.
aThe total numbers of patients who underwent screening for varices were 470/588 (79.9%) HBV 
patients and 96/107 (89.7%) HBV/HDV patients.

TA B L E  1  Clinical characteristics of 
the 695 patients, subdivided according to 
aetiology of liver disease.

Hepatocellular carcinoma characteristics HBV (n = 588)
HBV/HDV 
(n = 107) p

Number of nodules

1 273 (46.4) 47 (43.9) .310

≤3 93 (15.8) 23 (21.2)

>3 60 (10.2) 15 (14.0)

Diffuse/infiltrating type 47 (8.0) 3 (2.8) .023

Massive type 26 (4.4) 2 (1.9)

Median maximum diameter (cm) 3 (2.0–5.0) 2.2 (1.5–3.1) <.0001

Median alpha fetoprotein level (ng/mL) 14.2 (4.3–236) 16.0 (6.9–83.5) .532

Macro-vascular invasion (present) 93 (15.8) 16 (15.0) .802

Extra-hepatic spread (present) 36 (6.1) 5 (4.5) .590

Milan criteria (in) 310 (52.7) 72 (67.3) .005

Note: Data are shown as absolute value and percentage or median and interquartile range.
Abbreviations: HBV, hepatitis B virus; HDV, hepatitis D virus.

TA B L E  2  Main characteristics and 
staging of hepatocellular carcinoma 
subdivided according to aetiology of liver 
disease.
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HBV/HDV (50.7 months, 95% CI: 24.5–76.9) as compared to patients 
with HBV alone (43.9 months, 95% CI: 34.9–52.8, Figure 2).

Cox multivariate analysis showed that lower BMI, higher ECOG 
PS, higher MELD score, presence of clinically significant portal 

hypertension, high alpha-fetoprotein levels, advanced tumour stage 
(according to Milan criteria), and not undergoing surgical treatments 
(liver transplantation and liver resection) were independently asso-
ciated with worse survival, while HBV/HDV status was not (Table 4).

In a sub-analysis that excluded patients who underwent liver 
transplantation, patients with HBV/HDV had a significantly shorter 
survival as compared to patients with HBV alone (21.7 months, 
95% CI: 15.7–27.8 vs. 35.5 months, 95% CI: 28.4–42.6; p = .008, 
Figure 3A), while the opposite was observed when we performed a 
sub-analysis that excluded patients who underwent liver resection 
(46.7 months, 95% CI: 0–116.8 vs. 31.4, 95% CI: 24.6–38.2; p = .023, 
Figure 3B).

In a competing risk model, the cumulative incidence of death was 
55.8% (44.8–65.4) in HBV/HDV patients and 70.5% (65.7–74.7) in 
HBV alone (p = .025), while the competing probability of receiving 
a liver transplant over a 10-year time-span was 19.7 (12.0–28.8) in 
patients with HBV/HDV and 6.1% (4.0–8.8) in HBV alone (p < .0001) 
(Figure 4).

A multivariate analysis focused on receiving a liver transplant and 
risk of death as competing events showed a significant independent 
association of receiving a liver transplant with lower age (HR: .966, 
95% CI: .951–.982), presence of clinically significant portal hyper-
tension (HR: 2.093, 95% CI: 1.274–3.439), Milan-in tumour stage 
(HR: 3.197, 95% CI: 1.693–6.039), and HBV/HDV coinfection (HR: 
2.142, 95% CI: 1.310–3.503), while a higher risk of death was associ-
ated with lower BMI (HR: .954, 95% CI: .921–.988), higher ECOG-PS 
(HR: 1.207, 95% CI: 1.033–1.410), higher MELD score (HR: 1.036, 
95% CI: 1.007–1.066), higher alpha-fetoprotein level (HR: 1.106, 
95% CI: 1.065–1.148), Milan-out tumour stage (HR: 2.241, 95% CI: 

TA B L E  3  Principal modality of hepatocellular carcinoma 
treatment subdivided according to aetiology of liver disease.

Treatment HBV (n = 588)
HBV/HDV 
(n = 107)

Surgical therapies

Liver transplantation 56 (9.5) 39 (36.4)

Liver resection 118 (20.1) 9 (8.4)

Ablative therapies

Radiofrequency ablation 108 (18.4) 12 (11.2)

Ethanol injection 27 (4.6) 5 (4.7)

Other ablative treatments 6 (1.1) 0 (0)

Trans-arterial therapies

TACE 100 (17.0) 11 (10.3)

TARE 7 (1.2) 0 (0)

TAE 2 (.3) 1 (.9)

Systemic therapies

Sorafenib 52 (8.8) 8 (7.5)

Others 52 (8.8) 8 (7.5)

Best supportive care, n (%) 60 (10.2) 14 (13.1)

Note: Data are shown as absolute value and percentage.
Abbreviations: HBV, hepatitis B virus; HDV, hepatitis D virus; 
TACE, transcatheter arterial chemoembolization; TAE, transarterial 
embolization; TARE, transarterial Radioembolization.

F I G U R E  2  Kaplan–Meier survival 
curves of all patients sub-divided 
according to virological status (black line: 
HBV alone patients; grey line: HBV/HDV 
patients).

p = .130
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1.815–2.774) and treatments different from surgery (HR: 4.238, 
95% CI: 3.174–5.646) (Table S2).

3.4  |  Determinants of survival in patients with 
HBV/HDV

A multivariate Cox regression analysis focused on the 107 patients 
with HBV/HDV and including demographic, clinical, and oncologi-
cal characteristics showed that the only independent determinants 
of survival were Milan-in tumour stage [HR: .226 (95% CI: .116–
.442), p < .0001] and surgical treatment, either liver transplantation 
[HR:  .069 (95% CI: .028–.173), p < .0001] or liver resection [HR: .334 
(95% CI: .115–.971), p = .044].

4  |  DISCUSSION

The presence of concomitant positivity for HBV and HDV infection 
is associated with a 3-fold increase in the risk of developing HCC 
as compared to HBV alone, and persistent HDV replication leads 
to a yearly incidence of HCC of 2.8%, with the greatest influence 
of elevated HDV viraemia in patients who have not yet developed 
cirrhosis.27–29 Until recently, HDV was considered an orphan 
disease with few – if any – aetiological treatments available able 
to modify the natural course of disease towards end-stage liver 
disease and HCC, leading to high liver-related mortality in these 
patients.8–11,30

Due to the relatively low prevalence of HDV positivity in pa-
tients with HBV – approximately 5% – and therefore to the low 

TA B L E  4  Univariate and multivariate Cox regression analysis of predictors of mortality.

Variable

Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p

Sex (Female = ref) 1.14 .865–1.530 .351

Age (+1 year) 1.005 .996–1.014 .308

Body mass index (+1 kg/m2) .954 .921–.988 .009 .955 .924–.987 .006

ECOG performace status (+1 point) 1.553 1.339–1.724 <.0001 1.209 1.092–1.339 <.0001

HBV status (HBV alone = ref) .790 .593–1.052 .107 1.084 .798–1.474 .605

MELD score (+1 point) 1.036 1.018–1.055 <.0001 1.035 1.014–1.056 <.0001

Clinically significant portal hypertension (absent = ref) 1.460 1.199–1.778 .0001 1.303 1.058–1.603 .039

Alpha-fetoprotein level [+1 × ln(ng/nL)] 1.155 1.115–1.197 <.0001 1.107 1.067–1.148 <.0001

Milan criteria (OUT = ref) .364 .298–.444 <.0001 .448 .363–.552 <.0001

Surgery (No = ref) .236 .183–.306 <.0001 .272 .209–.356 <.0001

Abbreviations: 95% CI, 95% confidence interval; ECOG, Eastern Cooperative Oncology Group; HBV, Hepatitis B Virus; HR, hazard ratios; MELD, 
Model for End-stage Liver Disease. Statistically significant differences are highlighted in bold.

F I G U R E  3  Kaplan–Meier survival curves of patients sub-divided according to virological status (black line: HBV alone patients; grey line: 
HBV/HDV patients) excluding patients who underwent liver transplantation (A) or liver resection (B).

p = .008
p = .023

(A) (B)
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number of patients in the general population, a thorough descrip-
tion of large cohorts of patients with positivity for HBsAg/anti-HDV 
and HCC was missing. The current study, which included one of the 
largest populations of patients with positivity for HBsAg/anti-HDV 
and HCC described so far, was designed and conducted in the belief 
that reporting data on the clinical and oncological characteristics, 
treatment and outcome of these patients, compared to those with 
HBV infection alone, not only may help better understand this pe-
culiar disease but also provide a comparative clinical benchmark for 
bulevirtide-treated patients who might develop HCC despite posi-
tive viral outcome.31,32

This study shows that, in Italy, patients with positivity for 
HBsAg/anti-HDV account for approximately 15% of individuals with 
HBV-related HCC. These patients are significantly younger – by 
about 10 years – than patients with HBV alone, and develop this tu-
mour at a median age approximately 20 years lower than the median 
age at which HCC is diagnosed in our country, findings are consistent 
with evidence from longitudinal studies in patients with HDV.13,14,33 
These data may suggest that the presence of HDV might accelerate 
the progression of disease towards the development of HCC, and is 
in keeping with data on the same subject collected in other coun-
tries, although they do not represent data on the natural history of 
patients with chronic HDV infection, and therefore need to be inter-
preted with caution.34 This notwithstanding, we feel that this piece 
of information is of particular relevance for establishing appropriate 
surveillance programs specific to patients with HDV. Furthermore, 
at the time of HCC diagnosis, patients with HBV/HDV had greater 
liver disease activity and worse liver function as compared to pa-
tients with HBV, likely due to the absence of an effective treatment 
for the combined infections. This finding, together with an increased 

mortality rate from end-stage liver disease and no significant dif-
ference in the prevalence of comorbidities, highlights the enhanced 
role played by the deterioration of liver function in the natural his-
tory of HBV/HDV patients with HCC, and consequently the great 
utility in this setting of liver transplantation, the only treatment able 
to counteract the natural course of both liver dysfunction and HCC.

HCC was prevalently detected under surveillance in both pa-
tients with HBV/HDV and HBV alone. Nevertheless, this type of 
diagnosis was more common in the former group, likely due to the 
particular attention given to these patients, who are usually fol-
lowed in expert liver centres. As a fact, the increased prevalence 
of surveyed patients led to a significantly smaller tumour size and a 
greater percentage of Milan-in tumours in patients with HBV/HDV, 
oncological features that increased the amenability to liver trans-
plantation as compared to patients with HBV alone. As previously 
emphasised, our results did not allow us to draw a definite conclu-
sion on a potentially heightened carcinogenic risk in patients with 
HBV/HDV as compared to patients with HBV alone, since despite a 
numerically shorter overall duration of surveillance in patients with 
the former condition, this difference was not statistically significant.

Despite the prevalence of surgical treatments being similar in 
the 2 groups, liver transplantation and resection had a different dis-
tribution in the two aetiological groups. This difference can be at-
tributed to different distributions of relevant characteristics, such as 
age, liver function, and oncological stage. Indeed, patients with HBV 
alone – who were older, with a well-preserved liver function, and 
with a slightly worse oncological stage – more frequently underwent 
surgical resection, while HBV/HDV patients – who were younger, 
with a more deranged liver function yet with a more permissive on-
cological stage – more frequently underwent liver transplantation.

F I G U R E  4  Competing risk analysis curves showing cumulative incidence of receiving liver transplant or death without liver 
transplantation in patients with HBV alone or HBV/HDV infection.
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HBV: competing risk = death (non-liver transplantation)
HBV/HDV: competing risk = death (non-liver transplantation)
HBV: competing risk = liver transplantation
HBV/HDV: comp. risk = liver transplantation

Time (months) 0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360
HBV (n = 588)
mumber at risk 588 314 197 134 86 60 32 21 14 9 6 3 1 1 0 0
HBV/HDV (n = 107)
number at risk 107 56 37 27 24 18 12 10 7 5 3 2 2 2 1 1

Death (non-liver transplanta�on): p < .025 
Underwent liver transplanta�on: p < .0001
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All in all, liver transplantation represented the strongest in-
dependent prognostic determinant in patients with HBV/HDV. 
Furthermore, in a competing risk analysis with a 10-year horizon, 
patients with HBV/HDV had a higher probability of receiving liver 
transplantation, and, in a multivariate competing risk analysis that 
included oncological stage and liver function, HBV/HDV coinfec-
tion maintained an independent association with the probability of 
being transplanted. Taken together, these findings underscore how 
patients with HBV/HDV receive a heightened benefit from liver 
transplantation that includes not only the ‘double benefit’ of curing 
both liver failure and HCC – as occurs for other aetiologies of liver 
disease – but also the ‘cure’ of the cause of liver disease that could 
not rely on an effective antiviral therapy until very recently.1,2,10 It 
is worth noting that this preference for liver transplantation under-
scores how, in clinical practice, limited resources are adequately allo-
cated, respecting the principle of transplant benefit, and taking into 
account all the additional benefits that may derive from liver trans-
plantation in particular situations.35–37 This finding is also in keeping 
with data reported from an analysis carried out in a liver transplant 
centre in Italy, showing how the ratio of HDV to total HBsAg trans-
plants increased from 38.5% in the period 2000–2009 to 50.2% in 
the period 2010–2019.38 Lastly, it has to be emphasised that HBV/
HDV infection, per se, does not increase – nor reduces – the risk of 
death independently of liver function, oncological stage, and treat-
ment received.

Due to the elevated proportion of patients whose tumour was 
detected under surveillance, in this cohort, many patients had access 
to curative treatments and few patients were treated with systemic 
therapies or underwent best supportive care alone. These findings 
were likely the main determinants of a long median overall survival 
– approximately 4 years– we observed in the whole population. In 
fact, multivariate analysis results attested that liver function, tumour 
burden, and curative treatments were fundamental prognostic de-
terminants. Noteworthy, also body mass index turned out to be an 
independent, and positive, predictor of survival in the whole cohort, 
highlighting the prognostic importance – in a population of mainly 
non-obese patients – of maintaining a good overall nutritional sta-
tus. Lastly, the presence of clinically significant portal hypertension 
was confirmed to be an independent prognostic marker also in pa-
tients with HCC, once again emphasising the fundamental role of 
screening for varices and prompt institution of primary prophy-
laxis as a standard of care so as to improve the prognosis of these 
patients.39–41

This study, due to its real-world setting, has several limitations. 
In particular, patients were labelled as HBV/HDV due to the pres-
ence of positivity for HBsAg and anti-HDV antibodies, and since 
HDV-RNA is detectable in approximately 70% of anti-HDV posi-
tive patients some patients might have had a resolved infection at 
the time of HCC detection; moreover, in the course of the disease, 
and in particular one cirrhosis ensues, in a relevant part of patients 
with cirrhosis HDV viraemia tends to be undetectable, and there-
fore assessment of viraemia at the time of HCC development might 
have underestimated a long course of active disease in a significant 

proportion of patients.38,42 Notwithstanding these limitations, 
which are inherent to large databases accrued in clinical practice, 
the finding that patients with HBV alone had normal aminotransfer-
ase activity and better-preserved liver function, while HBV/HDV pa-
tients had an altered aminotransferase profile and a more deranged 
liver function suggests that in the majority of patients identified as 
HBV/HDV, there was an ongoing activity of liver disease. Moreover, 
the absence of data regarding HDV-RNA serum levels prevented the 
possibility to obtain an in-depth characterisation of viral activity and 
to provide an information on the potential association between vi-
raemia and patients' outcome. In this regard, it has to be emphasised 
that – also for the reasons outlined above – the association between 
viraemia and HCC development in patients with positivity for HDV 
is still debated, and accrual of data over a long period of time would 
have prevented, anyway, to provide solid data regarding HDV RNA 
levels due to the absence of standardised techniques.29,43,44

To conclude, this study provided a comprehensive picture of pa-
tients who developed HCC in the context of HBV/HDV infection. In 
the absence of effective treatment for the underlying liver disease, 
these patients, compared to those with the sole HBV infection, de-
velop HCC at a younger age and in a background of more deranged 
liver function. Noteworthy, due to viral, liver disease, and oncologi-
cal characteristics, patients with HBV/HDV derive the greatest ben-
efit from liver transplantation, whose access is favoured by a higher 
proportion of early-stage tumours diagnosed thanks to the very fre-
quent use of surveillance.
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