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Abstract 

Advanced intrahepatic cholangiocarcinoma (ICC) is the second primary liver malignancy. Despite a 

biologically established causative role of viral hepatitis (VH), i.e. HBV and HCV infections, most 

epidemiological studies come from Eastern countries, characterized by higher incidence of both ICC 

and VH. Only few large Western cohorts exploring the association between viral VH and ICC 

development are available. The prognostic significance of VH in ICC is debated, and no data are 

available regarding a predictive role for standard first-line CT (CT1), consisting of gemcitabine +/- 

platinoids. VH-positivity definition is often clinically incomplete and inconsistent among studies. 

Five different VH conditions, three for hepatitis B, and two for hepatitis C, were derived from 

laboratory and anamnestic data, and investigated in a multicentric retrospective cohort of ICC cases. 

Among 472 ICC patients, 139 (29.4%) to 194 (41.1%), depending on the specific VH condition 

considered, could be categorized according to the presence of the mentioned VH conditions. HBV 

and HCV prevalence were 9.3-25.3%, and 10.8-18.1%, respectively. No VH condition showed an 

impact on survival, although a non-significant worse outcome was observed in some HBV-related 

conditions. The two HCV-related conditions were associated to lower pre-CT1 biomarkers of 

inflammation, markedly higher disease control (87.5% in positive patients vs 41.5% in negative 

patients [p 0.014], and 84.6% vs 30.0% [p 0.001], respectively), and numerically longer time-to-

progression (TTP) with CT1 (p ns). No benefit on TTP was demonstrated for the addition of platinoids 

to gemcitabine in VH-positive patients (HR 0.77, CI95% 0.41-1.45).  

In conclusion, high prevalence of VH was observed in a Western cohort of patients with ICC, 

suggesting a role for past, resolved, HBV infection. No clear prognostic role emerged for VH, while 

no significant benefit of the standard doublet over gemcitabine monotherapy in VH-related ICC was 

demonstrated, at least in HBV-related cases. 

  



Abbreviations 

(a)BTC: (advanced) biliary tract cancer 

(I/E)CC: (intrahepatic/extrahepatic) 

cholangiocarcinoma 

(N)A: information on VH status (not) 

available 

ALT: alanine aminotransferase 

Ca19.9: carbohydrate antigen 19.9 

CEA: carcinoembryonic antigen 

CI95%: 95%-confidence interval 

CRP: c-reactive protein  

CT1: first-line systemic chemotherapy 

DCR: disease control rate 

DNA: deoxyribonucleic acid 

ECOG PS: Eastern Cooperative Oncology 

performance status 

Gem: gemcitabine monotherapy 

Gem-pt: gemcitabine-platinoid combination 

therapy 

GGT: γ-glutamil transpeptidase  

Hb: hemoglobin 

HBcAb: serum antibodies vs HBV core 

protein 

HBsAg: serum HBV surface antigen 

HBV: hepatotropic B virus 

HCV: hepatotropic C virus 

HCV-Ab: serum antibodies vs HCV 

HR: hazard ratio 

HRR: Hb/RDW ratio 

IQR: interquartile range 

LMR: lymphocyte/monocyte ratio 

mo: months 

na: data not available 

NLR: neutrophil/lymphocyte ratio 

OR: odds ratio 

OS: overall survival 

PLR: platelet/lymphocyte ratio  

PNI: prognostic nutritional index 

RDW: red blood cells distribution width  

RNA: ribonucleic acid 

RR: response rate 

SII: systemic inflammation index  

TERT: human telomerase reverse 

transcriptase 

TTP: time-to-progression 

VH: viral hepatitis 

 

  



Introduction 

Advanced biliary tract cancer (aBTC) comprises locally advanced, initially metastatic, and recurrent 

forms of a heterogeneous and extremely aggressive cancer originating from the epithelium of the 

biliary ducts, and further classified, according to the primary site, into intrahepatic (ICC) and 

extrahepatic (ECC) cholangiocarcinoma (CC), gallbladder and ampullary cancer. ICC incidence 

varies significantly between Eastern and Western countries, but the incidence and mortality rates in 

the recent years showed an incremental trend in several countries and geographical areas1–4. Italy, 

where BTC accounts for 1% of new cancer diagnoses, lies among the intermediate-incidence 

countries2,5, with incidence rates of 7.8 and 8.0 cases/100.000 inhabitants/year, for women and men, 

respectively6. Nation-wide estimated cases increased from 4500 in 2012 to 5400 in 20206–8 (+18% in 

8 years). With the limit of a lack of disaggregated data for ICC from national registries, in Italy this 

rise appears sustained by an increase in CC cases, similar to what observed in other countries3,4. 

Research on etiology of CC reached the meta-analytic level, and delineates distinct etiologic 

landscapes for ICC and ECC9. Particularly, viral hepatitis (VH), i.e. HBV and HCV infections, was 

determined to be closely associated with ICC, and, less strongly, ECC9–15. However these meta-

analyses are predominantly or even solely based on studies conducted in the (far) East. The analysis 

of relevance of the contribution of VH to ICC Western epidemiology needs a richer corpus of 

evidence.  

aBTC carries a poor prognosis, with median overall survival (OS) in <real-life= experiences revolving 

around the year16. The treatment mainstay in the last decades has been represented by first-line 

systemic chemotherapy (CT1), based on the gemcitabine-platinoid doublet (gem-pt), which 

demonstrated a benefit over gemcitabine (gem) monotherapy17,18. However, the use of the 

gemcitabine monotherapy is still contemplated for less fit patients. Only recently, target therapy and 

immunotherapy began the incorporation process into the therapeutic algorithm19–22. 

The speculation that a different biology of VH-related ICC could underlie a different clinical course 

has not yet been confirmed, as existing studies came to all the three logically possible conclusions, 

that is positive23, negative24,25, and null26 impact of VH on advanced CC survival. 

 

Patients and methods 

The present study is an analysis of aBTC cases retrospectively collected by the Gruppo Italiano 

Colangiocarcinoma Onlus (G.I.C.O.; Cholangiocarcinoma Italian Group Onlus), primarily aimed to 



explore the impact of VH on survival and CT1 activity and efficacy in a series of Western patients 

with ICC. 

Patients with a histological or cytological diagnosis of aBTC occurring after 2000, who underwent at 

least one cycle of CT1, were included. Patients with insufficient treatment information were excluded. 

Clinical and demographic information, including follow-up, were retrieved from the electronic 

medical records, and collected from January, 2016, until January, 2021. 

VH status was assessed through anamnestic collection of clinical history and available serology 

(HBsAg, HBcAb, HCV-Ab) and molecular biology (HBV DNA, HCV RNA) laboratory exams. Five 

different conditions, three for HBV infection, and two for HCV infection, were defined (Table 1). 

For each VH condition, each patient could be categorized as positive or negative, or excluded if data 

were insufficient to assign a value. Positivity was defined as at least one positive value among the 

variables considered for the specific VH condition; negativity, as negative values for all the available 

variables. In particular, patients with negative anamnesis and at least one negative serologic value 

were still categorized as negative. An analysis to detect meaningful differences in distribution of 

variables and prognosis between patients with and without sufficient data on VH status was carried 

out. 

Values recorded at the beginning of CT1 (up to two weeks before the treatment start) were collected 

for an extensive panel of variables, whose relation with VH status was assessed. Clinical and 

pathology parameters consisted of age, sex, primary site, tumor grading, prior R0-R1 surgery, disease 

extension (locoregional, which grouped locally advanced disease, and locoregional relapse; distant 

spread, which grouped initially metastatic disease and recurrence with metastases), metastatic sites 

(liver, lung, peritoneum, bone), Eastern Cooperative Oncology performance status (ECOG PS). 

Laboratory variables included: Carcinoembryonic antigen (CEA), Carbohydrate Antigen 19.9 

(Ca19.9), hemoglobin (Hb), red blood cells distribution width (RDW), platelets, leukocytes, 

lymphocytes, neutrophils, monocytes, total bilirubin, γ-glutamil transpeptidase (GGT), alanine 

aminotransferase (ALT), albumine, c-reactive protein (CRP). Derived indicators were also 

calculated: NLR (neutrophiles/lymphocytes), LMR (lymphocytes/monocytes), PLR 

(platelets/lymphocytes), systemic inflammation index (SII, neutrophil × platelets/lymphocytes/1000), 

HRR (Hb/RDW), PNI (prognostic nutritional index, 10 x albumine + 0.005 x lymphocytes). 

The study protocol followed the principles stated by the World Medical Association’s Declaration of 

Helsinki, and was revised and approved (protocol n° 0072135) by the institutional Ethics Committee 

(Comitato Etico interaziendale AOU Città della Salute e della Scienza di Torino – AO Ordine 



Mauriziano di Torino – ASL Città di Torino). The manuscript was reviewed for adherence to the 

STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) checklist27. 

Statistical analysis 

Prevalence of the mentioned VH conditions was measured on the whole cohort. The differential 

prevalence among primary sites was also examined, and represented by means of odds ratios (ORs) 

between the prevalence in ICC and in all the other sites combined. 

The panel of variables was screened for differences in distribution between VH-positive and VH-

negative cases. Continuous variables were subject to dichotomization according to cutpoints, chosen 

in advance as clinically meaningful (such as commonly recognized thresholds for anemia or 

neutrophilia) or as the median values on the entire cohort. 

Time-to-progression (TTP) and OS were calculated from the date of the first cycle of CT1 to disease 

progression and death, respectively. Data censoring in case of lack of a disease progression event 

was: at the last follow-up in case of follow-up loss or death deemed related to clinical progression, or 

at the day of death occurred during treatment. The switch between two platinum salts in combination 

with gem, and the de-escalation to monotherapy, were considered as a single treatment line. Dates of 

death were retrieved from administrative files or electronic medical records; histories lacking a date 

of death were censored at the last available follow-up. Both for TTP and OS, subgroups analyses 

were carried out with respect to CT1 regimens and primary sites (ICC vs all other sites combined). 

Potential differences in prognostic factors between VH-positive and VH-negative cases were 

explored. Response assessment to CT1 adopted the radiology categories of complete response, partial 

response, stable disease, progressive disease, and adverse event in the absence of a restaging. If 

imaging evidence of progressive disease lacked, an event of clinical progression (e.g. worsening of 

disease-related symptoms, or general deterioration) was used as proxy of progression. Response rate 

(RR) and disease control rate (DCR) were defined as sum of complete and partial responses, and of 

RR and stable disease, respectively. 

The Kaplan-Meier estimator and the Cox regression model were used in the survival analysis. 

Comparisons between frequencies employed Chi square test. Statistical significance was considered 

for p-values (p) <0.05, or lower values in multiple comparisons according to Bonferroni correction. 

Median values and distributions were compared through median test and Mann-Whitney’s test U, 

respectively. SPSS Statistic v. 20 (IBM Analytics®, Armonk, NY) was used as main statistical 

program. 

 



Results 

Study population 

Overall, 940 clinical histories from 14 Italian medical institutions, with diagnosis dates spanning from 

April, 2001 to August, 2019, fulfilled the eligibility criteria. The 472 patients with ICC constituted 

50.2% of the cohort. Only a minority of patients, ranging from 292 to 395 in the whole cohort, and 

from 139 to 194 among ICC cases, depending on the specific VH condition considered, could be 

categorized according to the presence of the mentioned conditions.  

However, the ICC populations with and without available data on VH status did not significantly 

differ as for distribution of clinical and demographic characteristics, commonly recognized 

prognostic factors, CT1 regimen (Supplementary Table 1), or prognosis (Supplementary Table 2). 

While some differences could be observed in ECOG PS, when cases with this specific variable 

missing where removed no significant heterogeneity emerged. Differences in distribution of CEA 

values, and in median levels of ALT, did not reach the statistical threshold after Bonferroni correction 

(p 0.01) (Supplementary Table 1). 

VH prevalence among ICC patients ranged from 9.3% (cB-L) to 25.3% (B-LH), and was compared 

with all other primary sites combined: a higher prevalence was consistently demonstrated for cB-L, 

B-LH, C-L (all p values <0.05, but not <0.01), and C-LH (p <0.0001), whereas statistical significance 

was not reached for B-L (p 0.226). ORs ranged from 1.39 (B-L) to 5.42 (C-LH) (Table 2). 

Interestingly, very few cases of differences in the distribution of the collected variables were observed 

between VH-positive and VH-negative patients. In particular, highly significant differences in 

immune-inflammatory activation parameters emerged only across the partitions according to C-L 

and/or C-LH status: positive patients exhibited lower proportions of cases with above-median 

leukocytes, monocytes, platelets and SII. Conversely, these populations were homogeneous for the 

majority of the other parameters, and no significant differences were observed in HBV-related 

conditions (Supplementary Table 3). 

Prognostic relevance of VH status 

Median OS was 10.3 months (CI95% 9.5-11.2) in the whole aBTC cohort, and 11.3 months (CI95% 

10.0-12.6) and among ICC patients. No heterogeneity of prognosis was observed among the single 

primary sites other than ICC (Supplementary Table 2). When these latter cases were considered as a 

whole, OS appeared positively influenced by B-L and B-LH positive status. In contrast, none of the 

VH conditions significantly impacted the OS of ICC patients (Table 3). 

Impact on treatment efficacy 



No significant differences were observed in terms of RR achieved by CT1 in ICC across the partitions 

for VH conditions. Conversely, a significantly higher DCR from CT1 was observed in C-L-positive 

patients (87.5% vs 41.5% in negative patients, p 0.014) and C-LH-positive patients (84.6% vs 30.0% 

in negative patients, p 0.001). However, there was no impact of VH on TTP, and the observed deltas 

across the C-L and C-LH partitions, although numerically relevant, did not show a statistical 

significance (Table 4). 

TTP in the whole cohort of ICC was 5.1 months with gem-pt vs 2.9 with gem (p 0.01), resulting in a 

HR of 0.74 (CI95% 0.59-0.94). This benefit was retained as statistically significant in the small 

subgroup (n=26) of patients negative for all of the VH categories (TTP 3.4 months vs 2.5, p 0.024; 

HR 0.27 [CI95% 0.08-0.92]), but not among patients (n=50) positive for any of the VH conditions 

(TTP 4.5 months vs 4.2, p 0.41; HR 0.78 [CI95% 0.41-1.45]) (Figure 1). Table 5 illustrates the 

categorization according to each VH condition: subgroups were tainted by small sample size, and 

none of the performed comparisons reached the Bonferroni-corrected threshold of 0.01. 

 

Discussion 

While gallbladder cancer and ECC are traditionally linked to biliary lithiasis, VH infection has a 

multi-faceted biologic role in promoting carcinogenesis in ICC. First, chronic inflammation of biliary 

epithelia plays a primary role in cholangiocarcinogenesis through the mechanisms of reactive oxygen 

species-induced DNA damage, and of repeated cycles of cell death and regeneration with increased 

cell turnover28,29, which allows the fixation of cancerogenic mutations, and ultimately leads to hepatic 

cirrhosis, itself an established, strong risk factor for ICC9. HBV DNA integration can occur in the 

first weeks of the infections, and is revealed in the chronic and occult settings (so-called <core-

only=)30. Several integration sites were detected in ICC and in mixed cholangiocellular-hepatocellular 

carcinoma samples, with integration events preferentially recurring in critical regions potentially 

affecting gene expression and regulation in cells, such as the human telomerase reverse transcriptase 

(TERT) gene31. The HBx protein, encoded by the HBV X gene, is widely recognized as a  primary 

causal factor in hepatocarcinogenesis32–35, which takes place via a number of mechanisms: 

upregulation of proto-oncogenes (c-Jun, c-myc)33,36 and transcription factors (AP-1, NF-κB)37,38, 

activation of MAPK/ERK, stress-activated protein kinase/Jun N-terminal kinase, and PKC signaling 

pathways38, and binding of p5339. This ultimately results in cell cycle disruption, DNA repair 

impairment, inhibition of apoptosis. HBx is frequently expressed in ICC and the surrounding liver 

tissue35,40. HBx expression correlates to a significantly higher prevalence of elevated serum alpha-

fetoprotein40. One proposed additional mechanism of action for HBx in ICC concerns the 

transcriptional expression of TERT41. Similarly to HBx, the HCV core protein may be involved in the 



tumorigenic process, promoting the cellular proliferation of hilar CC cells, inhibiting apoptosis42 and 

inducing epithelial-mesenchymal transition in ICC cell lines43. 

This biologic rationale justified an analysis of VH significance restricted to ICC cases, which was 

supported by the finding, in our series, of high rates of VH, higher when compared to other BTC 

primaries. This confirms from a Western standpoint the findings from the existing literature, which, 

as mentioned, is predominantly Eastern: for instance, in a recent pooled analysis of case-control 

studies9, only one European study (five from the United States) was included, contributing with only 

26 of the over 14,000 included cases. 

This study was conceived to address also another limitation of the available literature, represented by 

the heterogeneity of the definition of HBV infection. Most of the case-control studies only evaluated 

HBsAg status, thus failing to discriminate between chronic and recent, acute VH, as well as missing 

acute, resolved VH and chronic cases with reduced HBsAg levels below threshold of detection (the 

so-called <HBc-alone= or <occult= infections). Of note, at least two case-control studies report a 

significant association for HBcAb in the absence of a HBsAg positivity44,45. To overcome this 

limitation we proposed five VH categories (three for HBV infection, two for HCV infection), more 

suited to catch the variegated panorama of VH natural histories. Indeed, the observed higher 

prevalence of B-L condition than cB-L suggested a role for HBsAg-negative infections. Moreover, 

including the evaluation of the clinical history caught a proportion of VH cases that in a study 

conducted only on serum biomarkers would have been deemed as VH-negative and missed (see the 

different % between C-LH and C-L, and between B-LH and B-L in ICC in Table 2). Globally, our 

data confirm that even in a European country that saw a dramatic decrease in incidence of VH 

infections in the last years46–48, although remaining top-ranking as for HCV prevalence49, VH still 

accounts for a considerable burden of ICC cases. Our prevalence figures appear to some extent higher 

than those reported in a recent large European multicentric registry analysis, which reported a VH 

prevalence of 10.4% among ICC cases (diagnosis after 2009; included localized neoplasms; definition 

of VH not reported)50. 

While the epidemiological link can be considered established, the prognostic value of VH is still 

matter of debate. As mentioned, single studies come to conflicting conclusions, whereas a meta-

analytic attempt (conducted on Eastern studies that included resected cases) suggested to consider 

separately HBV and HCV infections, as they could exert different prognostic roles (favorable for the 

first, unfavorable for the latter)51. Our data showed a differential prognostic role of HBV infection 

between ICC and the other primary sites. The observed favorable impact in the latter ones was an 



unexpected finding, which was not further explored, not being part of the study objectives. 

Conversely, none of the VH conditions seemed to influence OS of ICC patients.  

However, those conditions that correlated with longer OS in other primary sites (B-L, B-LH), 

potentially revealed themselves as moderate negative prognostic factors in ICC (HRs 1.28-1.39). 

Given the lack of statistical significance (p values 0.12-0.17), this could be  an incidental finding, and 

should be regarded as hypothesis-generating at best. However, biological explanations could range 

from the negative impact of the underlying cirrhosis to an intrinsic aggressive behavior of HBV-

related ICC. 

Signals of a potential impact on the disease course could also be observed for HCV infection: HCV-

positive cases responded better to CT1, which however did not translate into a statistically longer 

TTP. Globally considered, these results formally do not demonstrate any impact of VH, but hint at 

potentially more favorable outcomes for HCV infections and more unfavorable outcomes for HBV 

infections: these hypotheses require, however, a more extensive, prospective demonstration, 

particularly in the light that they are opposite to what observed in the mentioned meta-analysis51. 

To our knowledge, this is the first assessment of the influence of VH on the efficacy of gem-pt vs 

gem monotherapy. To this regard, a non-significant beneficial trend could be observed consistently 

across the single VH-negative subgroups, as expected: narrowness of the observed deltas and small 

sample sizes possibly concurred to prevent the demonstration of statistical differences (Table 5). 

Conversely, the benefit of the addition of platinum agents to gem outright vanished among patients 

positive for any VH condition (Figure 1). Table 5 suggests that this could have resulted from the sum 

of opposite effects: a trend towards a higher efficacy in HCV-infected patients, and a null or slightly 

detrimental effect in HBV-related cases. But again, although corroborated by high disease control 

rates among HCV cases, these considerations remain at a speculation level: the statistical volatility 

due to the low subgroup sizes prevents definite conclusions.  

Other limitations of the present study need to be discussed. First, the retrospective nature of the study 

-common to most of the field literature- involves not-on-purpose data reporting and missing 

information. For instance, presence and severity of the associated liver disease could not be assessed. 

The proportion of ICC cases that could be assigned a positive or negative value ranged only from 

29.4% to 41.1%, according to the VH category. While we demonstrated that the composition of the 

assigned vs not assigned cases with respect to relevant variables did not show meaningful differences 

(importantly, the former were not more likely to have undergone prior surgery than the latter), we 

cannot entirely rule out an intrinsic patient selection. The more, missing values and the 

dichotomization of continuous variables52 entail a loss of informativity. Albeit focused on observing 



a difference in OS and TTP, the present study did not contemplate a preplanned statistical hypothesis 

or a prespecified sample size. As a consequence, for better generalizability the mentioned findings 

ought to be considered exploratory and confirmed prospectively and/or in larger samples, ideally 

employing reasoned definitions of VH that go beyond the mere finding of serologic positivity.  

Reporting clinical histories encompassing twenty years could be regarded as a weakness, however 

during this period of time the standard CT1, represented by gem-pt, remained the same, and the 

prognosis of aBTC patients did not appear to have evolved substantially16. On the other hand, a 

fraction of patients received non-standard regimens, further narrowing the pool evaluable for analysis. 

Further prognostic studies will need to assess the VH impact in patients treated with 

chemoimmunotherapy: while unfortunately none of the two published randomized trials appears to 

provide information on that19,20, an intriguing correlation of VH with OS was observed among <real-

world= BTC cases treated with the gemcitabine-cisplatin-durvalumab combination53. 

In conclusion, in a large retrospective Western ICC cohort we analyzed the prognostic and predictive 

roles exerted by five categories of VH, derived from the combination of anamnestic findings and 

laboratory data. With the due caveats, the abovementioned findings suggested interesting hypotheses 

to be subject to further confirmation: a substantial proportion of CC still related to VH; a 

cholangiocarcinogenic role even from past HBV infection; the correlation of HCV infection with 

lower markers of inflammation; against a backdrop of absence of an overt impact on disease course, 

signals of detriment on survival from HBV infection, and of a higher chemosensitivity for HCV 

infection; lack of benefit from the addition of platinum salts to gem in VH-related ICC, at least in 

HBV-related cases. 

Other information 

The study did not receive any funding. The Authors declare no conflict of interest with regard to the 

topic of investigation. The Authors are grateful to all the GICO investigators.  
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