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Abstract
Surveillance for hepatocellular carcinoma (HCC) in high-risk patients with semiannual ultrasound examinations is advocated by all international guidelines. However, as long as the identification of the population to be screened and the surveillance programs are not well implemented, the real-life impact of HCC surveillance in reducing mortality for HCC cannot be known. We propose a new approach that promotes the identification of cirrhotic patients by primary care physicians (PCPs) and referral of patients to the hepatologist for surveillance. Surveillance should be incorporated, when feasible, in a hub and spoke model of comprehensive hepatology care. Training PCPs to identify cirrhotic patients and performing surveillance in a subspecialist setting are equally important to improve the effectiveness of real-life surveillance and to decrease HCC mortality over time.
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Core Tip: Ultrasound surveillance for hepatocellular carcinoma is recommended by all official guidelines for high-risk patients, but its uptake at the community level is low. We discuss the obstacles hampering its implementation and propose a hub and spoke model network for the effective delivery of surveillance in the real world setting.

INTRODUCTION
Primary liver cancer is the third leading cause of cancer related mortality worldwide[1]. It includes hepatocellular carcinoma (HCC), comprising of 75%-85% cases, intrahepatic cholangiocarcinoma (10%-15%), and other rare types[1]. The HCC death toll is the highest in East Asia and Africa, with an annual mortality rate greater than 20/100,000 people[2]. Mortality is lower in Western Europe and in the United States (12-12.7/100,000) but it has increased rapidly in the last decade[3]. On the other hand, Eastern Europe, Scandinavia, and India have the lowest mortality rate (less than 4/100.000). The great majority of HCC cases in the Western world are diagnosed in cirrhotic patients, while in Asia and Central Africa the most significant risk factor for HCC is chronic hepatitis B virus infection with or without cirrhosis. Therefore, patients with those risk factors (cirrhosis and/or chronic hepatitis B infection) should undergo surveillance, with the goal of identifying the tumor at an early stage when curative treatments are feasible. A randomized study of chronic hepatitis B patients in China[4], several longitudinal cohort studies in patients affected by cirrhosis of any etiology[5-7], and a meta-analysis[8] have demonstrated the benefit of ultrasound surveillance (US) in improving survival. In addition, several studies have shown that US is cost effective for the surveillance of patients affected by chronic hepatitis B and of cirrhotic patients. Indeed, HCC incidence in those populations is 0.2% and 1.5% per year respectively, which is considered acceptable to define cost effectiveness[9-11]. On the other hand, the effectiveness of US is still uncertain in young Non-Asian inactive carriers of hepatitis B surface antigen (HBsAg), in patients with chronic hepatitis C infection with advanced fibrosis, and by those with nonalcoholic fatty liver disease (NAFLD) without cirrhosis. For those reasons, the three most important international guidelines advocate periodic abdominal ultrasound scans with or without alpha-fetoprotein (AFP) in all cirrhotics and chronic hepatitis B patients, irrespective of antiviral treatment[2,12,13] as a cost effective and noninvasive surveillance modality. According to the guidelines, US should be performed on a semiannual basis, with the exclusion of decompensated cirrhotics not listed for liver transplantation, in which surveillance is considered futile.
Despite the recommendations, real-life implementation of surveillance programs is far from optimal. It has recently been shown that, in addition to an increase in the proportion of HCC diagnosed at an early stage, 64% of the cases detected in the United States between 2006 and 2012 were diagnosed at an intermediate or an advanced stage[14]. That is probably the result of the low implementation of surveillance programs, with less than 20% of cirrhotics undergoing regular surveillance[15]. Surveillance is hindered by several issues, insufficient identification of patients at risk, failure to order surveillance, failure to perform surveillance with effective tools, poor patient adherence to the surveillance program, failure to establish a care-unit network to provide effective treatment. This review aims to analyze these steps one-by-one in order to identify the obstacles hampering the implementation of surveillance in real life.

FAILURE TO IDENTIFY THE PATIENTS AT RISK
One of the most important factors responsible for the low uptake of surveillance is the failure of primary care physicians (PCPs) to identify patients at risk to be enrolled in surveillance programs. In two web-based surveys, PCPs reported lack of knowledge of current guidelines. They could not correctly identify the at-risk categories and ordered random surveillance of chronic liver disease patients[16,17]. It is noteworthy that cirrhosis is widely under diagnosed and that increased identification and surveillance of cirrhotic patients would be very cost effective in detecting HCC at an early stage. As an example, assuming an ultrasound sensitivity of 65% for early-stage HCC[18], an increase in the detection rate of cirrhotic patients from 50% to 75% would result in a significant increase of early-stage HCC diagnosed by abdominal ultrasound. Thanks to the identification of high-risk patients, ultrasound screening would thus allow the identification of a number of early-stage HCC comparable to magnetic resonance imaging (MRI) use, which has a higher sensitivity (90%) but is more expensive and has a higher false-positive rate. Another negative consequence of the failure to identify cirrhotic patients is that the cause of liver damage is not treated, and consequently HCC would often be diagnosed in a critical patient not eligible for radical treatment anymore.
Fortunately, the performance of PCPs can be improved by training interventions[19] and by participation in specialist networks, as shown by the French experience in hepatitis C[20]. To address the problem, in 2006 we started an education program targeting 120 PCPs, aimed at the identification of cirrhotic patients and their surveillance for HCC[21]. The program was started in the southern part of the Province of Bergamo in two hospitals, Policlinico S. Marco, Zingonia, and Azienda Ospedaliera di Treviglio, that have hepatology clinics providing medium-complexity specialist care. More complex cases are referred to a tertiary care hospital in Bergamo, which has a liver transplant center. Two hepatologists had established a network of collaboration with PCPs for the management and referral of patients with liver disease, but also provided care for patients from the nearby provinces, where no specific network had been implemented. The training program consisted of a 1-year intensive course in 2006, followed by annual refreshers from 2007 to December 2013. PCPs were instructed to perform screening of all patients at risk of liver cirrhosis, i.e. hepatitis C virus (HCV) infection, HBsAg positivity, alcohol abuse (> 60 g/d in women and > 80 g/d in men), body mass index > 30 kg/m2, and to refer them to the liver specialist for diagnostic confirmation and US planning[20]. Abdominal ultrasound was performed, and the data were analyzed, by hepatologists or by radiologists who worked at the same hospital and had strong expertise in liver cancer detection.
The results showed that 6 years after training PCPs, there was a significant increase in the number of HCC patients detected by US at an early stage and suitable for radical treatment (Figure 1). As a consequence, 3- and 5-year survival of HCC patients improved significantly from 35% to 48% and 20% to 40%, respectively (P < 0.05) after training. In contrast, both the proportion of HCCs detected by US, and patient survival did not change in areas where PCPs were not trained. The study has some limitations. Firstly, PCPs did not record the number of cirrhotic patients who were identified, but only the number of HCC patients who were diagnosed. Secondly, the cirrhosis criteria used by PCPs to refer the patient to the hepatologist were mainly ultrasound based using two of the following ultrasound criteria, liver surface nodularity, nonhomogeneous liver texture, left lobe or caudate lobe hypertrophy, distorted hepatic veins, spleen longitudinal diameter > 12 cm or one ultrasound criterion plus a platelet count < 130.000/mL. Currently, those criteria are obsolete, as the availability of new proprietary (e.g., Fibrotest, Enhanced Liver Fibrosis, and Fibrometer) and nonproprietary biochemical scores (fibrosis-4, aspartate transaminase to platelet ratio index), and NAFLD fibrosis scores) have improved diagnostic accuracy. Nonetheless, the study showed that it is essential to establish a collaboration network among hepatologists and PCPs, and that strengthening PCP skills in identifying and referring suspected cirrhotic patients may result in an increased number of HCCs diagnosed at an early stage and improved patient survival. In the following years, the network of collaboration was extended to the whole province of Bergamo, and specific training aimed at the diagnosis of cirrhosis was incorporated into a comprehensive hepatology education program that involved 900 PCPs. The program consists of specific courses organized every 3 years by the local health authority and annual symposia organized by the tertiary care hospital of Bergamo. The percentage of HCCs diagnosed at an early stage in the following years was still high, indicating that the positive effect of training persisted in time. Indeed, 166 (77%) of 202 HCCs diagnosed in cirrhotic patients at Policlinico S. Marco Hospital from January 2014 through December 2020, were found at an early stage and could be effectively treated. It is worth noting that only 14 HCCs were diagnosed in noncirrhotic patients, seven with chronic hepatitis B and currently under surveillance, six were detected at an early stage, five had chronic hepatitis C infection, and two had noncirrhotic nonalcoholic steatohepatitis (NASH). Therefore, our real-life data confirm the adequacy of the official guidelines recommending US only in patients affected by cirrhosis or chronic hepatitis B.

FAILURE TO ORDER SURVEILLANCE
The identification of cirrhotic patients for surveillance does not imply that surveillance will be effectively performed. In fact, surveillance is sometimes carried out by the PCP and ultrasound scans are performed by radiologists without specific expertise in liver disease. In that case, the patient is referred to the hepatologist or gastroenterologist only if a focal lesion is detected, a scenario called “population-based surveillance”. In Italy and other countries, thanks to the widespread diffusion of ultrasound equipment and the motivation of an active medical sonography society, US is directly performed by hepatologists with sonographic skills and able to perform the examinations by themselves (i.e. specialist or subspecialist surveillance). Population-based surveillance is mainly implemented in the United States, while specialist surveillance is more widespread in Europe and Asia. A systematic review and meta-analysis comparing the two US modalities reported a much higher effectiveness of surveillance in the specialist setting (73.7%) rather than in population-based cohorts (8.8 %), with the lowest effectiveness in patients with alcoholic and NASH cirrhosis[22]. There are many reasons for the difference. PCPs and radiologists without specific expertise in liver disease may have limited knowledge of the international guidelines[17,23]. Concerns of other serious comorbidities, logistic problems such as poor accessibility of ultrasound facilities, and difficulties in the scheduling process. Consequently, the need to access low-cost, affordable ultrasound facilities may result in delays or absence of PCP surveillance[24]. Several interventions can be introduced to improve US programs, namely the use of automatic reminders for PCPs or the implementation of protocols that can be carried out by nurses or pharmacists[22]. Beste et al[25] reported that a primary care-oriented clinical reminder integrated into clinical records improved PCP surveillance from 18.2% to 27.6%[25], whereas no improvement was observed in the control sites (from 16.1% to 17.5%). Similarly, in a large study of 1800 cirrhotic patients, Singal et al[26] observed that mailed outreach invitations increased surveillance from 24% to a staggering 44.5% with no benefit seen by the addition of patient navigation[26]. Overall, it can be concluded that surveillance performed in subspecialist settings, if feasible, would be preferable to population surveillance. In the latter case, decreased use of US could be expected, and even after the interventions mentioned above (i.e. internal modalities such as medical reminders, nurse-based protocols, and patient navigation and outreach modalities such as mailed invitations), it was only slightly improved. Therefore, it is essential to ensure that PCPs are aware of the importance of appropriate specialist surveillance and to reinforce the need of specific education programs addressed to them.

FAILURE TO USE THE APPROPRIATE SURVEILLANCE TOOL
Liver ultrasound
Liver sonography is recommended by all existent guidelines as the standard HCC surveillance test to be used. A meta-analysis of 15 studies of cirrhotic patients showed that abdominal ultrasound had good sensitivity (84%) and excellent specificity (91%) for the detection of HCC at any stage[27]. However, the pooled sensitivity for the detection of early-stage HCC was as low as 47%, with only marginal improvement (53%) after exclusion of the studies performed before the introduction of high-density crystal probes and harmonic imaging. It is noteworthy that the sensitivity of ultrasound is characterized by a wide range of variation (from 21% to 81%), reflecting the operator dependency of US scans. In fact, in a single study performed at a university-based tertiary care center, the sensitivity of abdominal ultrasound was 82%[28]. Similarly, in a large Italian cohort study, where examinations were performed in both outside facilities and hospital wards, the sensitivity rose to 66%[18]. It is important to consider that ultrasound examinations in the United States were performed by technicians who recorded the images, which were subsequently reviewed and interpreted by radiologists. That can affect the accuracy of the examinations reported in those studies, as real-time interpretation of ultrasound findings is of paramount importance in ensuring the adequacy of the examination, especially in patients who are difficult to examine. In conclusion, it seems that pooled study results underestimate the sensitivity of ultrasound for the detection of early-stage HCC. It is more likely that the sensitivity of ultrasound carried out with high quality scanners and by well-trained doctors in a real-time manner, would be as high as 70%. Admittedly, even in optimal conditions, US fails to detect early-stage HCC in approximately one-third of the patients[18]. Two studies have addressed the causes of surveillance failure. Overall, both studies found that male sex, obesity, and advanced liver disease were associated with failure to detect HCC at an early stage[18,29]. Fatty liver, often associated with obesity and more frequently observed in males, may hinder good visualization of the liver, while advanced liver disease may produce a coarse echo pattern that masks early-stage tumors. It is important to distinguish poor visibility of the tumor by abdominal ultrasound, which represents a true limitation of this technology, from biologically aggressive tumors, which may show an infiltrative or rapidly growing pattern that may be difficult to detect regardless of the diagnostic tool.

Computed tomography and magnetic resonance imaging
The use of CT or MRI can obviate the above-mentioned technical limitations of ultrasound, but they rarely can identify an aggressive tumor at an early stage. In one study, 20% of the ultrasound examinations were considered technically inadequate for excluding HCC[29]. In another study, 32% of HCCs were detected beyond the early stage by semiannual US, 12% of them showing biologically aggressive features, i.e., AFP > 1000 ng/mL, vascular thrombosis, distant metastasis, or infiltrative pattern[18]. Therefore, technical limitations of US to detect early-stage HCC can be deemed to be around 20%, hence it is important that ultrasound reports include a statement about the quality of the examination and the potential recommendation to perform second-level imaging (CT or MRI). MRI has a sensitivity of 83.7% for the detection of early-stage HCC[30] and should be preferred to CT, which has lower sensitivity (62.5%), similar to that of ultrasound[31]. However, it is noticeable that biologically aggressive tumors are poorly detected by MRI (16% failure to detect HCC) as well as by US (12% failure). Those tumors thus represent a hardcore of HCCs eluding both kinds of imaging surveillance. The good news is that only a small percentage of HCCs have those characteristics. However, it should be recognized that the pattern of HCC growth is heterogeneous[32] and many indolent tumors can develop an aggressive pattern with time, as shown by an increase of the percentage of biologically aggressive tumors detected by annual compared with semiannual surveillance, (i.e. 28% vs 12%)[18]. The possibility that indolent HCCs might transform into more aggressive tumors with time has raised some concerns of the common real-life practice of performing annual instead of semiannual MRI to reduce surveillance cost

Contrast-enhanced ultrasound
Contrast-enhanced US with intravascular agents (e.g., Levovist, Sonovue) has a limited role in surveillance as it is impossible to scan the whole liver in the arterial phase when small tumors are detected[33]. On the other hand, perfluorocarbon (Sonazoid) seems to a promising agent[34], as it is taken up and retained by Kupffer cells for 60 min after bolus injection, allowing a scan of the entire liver in the late phase when HCC appears as a black hole. Sonazoid-enhanced US might therefore be useful to detect HCC developing in livers with a coarse echotexture, but it cannot be of any advantage in obese patients or severe fatty livers, where CT or MRI remain the only option to accurately exclude HCC.

AFP
The sensitivity of AFP to detect early-stage HCC is too low to be used alone as a surveillance tool[35]. Only the Asian-Pacific Guidelines recommend the use of AFP in surveillance programs, with a cutoff of 200 ng/mL[2]. This cutoff is highly specific but reduces AFP sensitivity to a level as low as 22%[12]. However, new and effective pharmacological treatment of hepatitis B and C may remove false-positive AFP results caused by necro-inflammatory activity and enable the use of lower cutoff levels, providing better AFP sensitivity without compromising its specificity. Another method to improve AFP diagnostic accuracy is to monitor its changes over time[36]. An algorithm including AFP variations has been created and was tested in the Hepatitis C Antiviral Long-Term Treatment Against Cirrhosis Trial cohort, with good results in identifying patients at increased risk of HCC[37]. A recent meta-analysis showed that the addition of AFP levels to abdominal ultrasound improved the overall sensitivity for the detection of early-stage HCC from 45% to 63%[27], but as pointed out before, the low sensitivity of US in the meta-analysis raises doubts on the quality of the ultrasound examinaions. It therefore remains an open question whether AFP can improve the performance of properly executed sonography. It is important to stress that the addition of AFP screening to abdominal sonography could adversely affect the already low level of surveillance application by PCPs because of the logistic and financial burden introduced by duplicating the surveillance tool. In our real-life practice we assess AFP levels alongside abdominal US only in patients with cured hepatitis C or well-controlled chronic hepatitis B and optimal adherence to follow-up visits. A change in AFP values over time prompts performing second-level imaging, particularly in cases with a coarse echo pattern on sonography. On the other hand, stable AFP levels permit advising the continuation of standard US, avoiding additional cost.

New biochemical markers
In recent years, new markers have been proposed for the diagnosis of early HCC. Each of them by itself does not seem to confer any benefit in diagnostic accuracy compared with US with or without AFP[35]. However, a combination of AFP-L3, AFP, and des-gamma-carboxy prothrombin was tested in a large study and proved to have a sensitivity greater than 60% for early HCC, which is similar to the sensitivity of currently approved surveillance tools[38]. The algorithm is interesting, and if confirmed could be used as an alternative to ultrasound in the setting of population surveillance, especially where ultrasound scanners are not available or not accessible.

THE PROBLEM OF ADHERENCE
Patient adherence is key to the effectiveness of the surveillance program. Racial and ethnic minorities have poor awareness of surveillance programs, probably because of their low socioeconomic status. Patients also report difficulties scheduling surveillance ultrasound, concerns of the cost, need of off-work days, and difficulties reaching the facilities where the exam is performed[39]. The difficulties have a greater impact on subspecialty-based than on population-based surveillance, and should be addressed by appropriate interventions. In our hospital, the great majority of examinations are performed by hepatologists (PD and SL) and each appointment is directly booked by the specialist, thus making the scheduling process much easier. Visits and US examinations are reimbursed by the National Health Care System, with no additional cost for the patient. They are both performed at the same time to minimize off-work time, and if the patient is under antiviral treatment, the drug can be collected from the hospital pharmacy on the same day. Table 1 shows adherence to surveillance in 362 cirrhotic patients followed from January 2013 through December 2020 in our outpatient clinic. Adherence was defined as the performance of regular annual or semiannual ultrasound examinations in the last 24 months. Overall adherence to surveillance was rather good and only slightly lower than that observed in studies from other subspecialty clinics, (i.e. 65% vs 73%)[22]. It should be highlighted that in 2020 Northern Italy was heavily hit by the coronavirus disease 2019 pandemic and that the liver clinic was closed down for 2 months until April 2020. The restrictions and the fear of being infected and contracting the disease might have induced patients to avoid medical appointments, as observed for other screening programs during the pandemic. Despite that, nearly two-thirds of the patients continued surveillance, which in 77% of the cases was semiannual and in line with the official recommendations. It should be emphasized that the definition of adherence is not unequivocal, as some investigators used restrictive definitions while others, as we did, use operational definitions. Patients who underwent at least 1 or 2 surveillance exams in the last 12 months were considered adherent to the surveillance program. Moreover, as adherence decreases over time, studies with longer follow-up show lower adherence rates and cannot be compared with studies that have a shorter follow-up. To solve this conundrum it has been proposed to define adherence to the surveillance program as the proportion of time up-to-date with screening[22], although in retrospective studies complete patient data are often lacking, and this parameter may be difficult to achieve. In accord with other studies, we found a lower adherence to surveillance programs in alcoholic and metabolic cirrhotic patients (NAFLD). In those patients, the time interval between screening exams was more frequently annual than semiannual. On the other hand, patients affected by cirrhosis secondary to hepatitis B and C, had a higher adherence to the surveillance programs (72% and 73% respectively) and exams were almost exclusively performed with semiannual periodicity. The reasons for the low adherence in the former categories are multifactorial. Lack of family support and low socioeconomic status are important and can hinder the access to the health care system as well as social stigma associated with alcohol abuse and obesity. It is well known that marginalized and stigmatized patients are more dependent on a good relationship with the healthcare provider than on getting the right information from scientific sources or mail reminders. They may also overestimate the prescription of drugs compared with regular screening tests, and perceive the periodicity of ultrasound examinations as a mere waste of time. It is therefore important to establish an empathic nonjudgmental relationship with those patients. The ultrasound examination should be integrated with the hepatologist consultation, a longer time for the visit should be scheduled, medical issues should be discussed, and drugs prescribed if necessary. It is important to make the patient understand that surveillance is essential to take care of their liver disease. For that purpose, it would be helpful to establish a close collaboration with Alcoholics Anonymous or other self-help groups, that could help the patients to be actively involved and aware of the importance of surveillance.



CONCLUSION
In conclusion, despite generalized consensus of all scientific guidelines on the utility of surveillance for HCC in high-risk patients, the implementation of surveillance at the community level is far from ideal. Low access to surveillance programs is associated with a lower number of HCC diagnosed at an early stage and decreased survival. Therefore, it is important to study the obstacles hampering the adherence to surveillance of the high-risk population in order to implement appropriate interventions.
Adherence to surveillance programs is higher in hospital/subspecialty-based surveillance compared with population-based surveillance, in which tests are ordered by PCPs and performed by general radiologists. Subspecialty-based surveillance should therefore be the first choice when feasible. However, the geographic location of the facilities and the distance from the hospital may result in population surveillance as the only available choice. In both cases, lack of identification of the at-risk categories by PCPs, (i.e. cirrhotic patients and chronic hepatitis B patients), is the most important issue hindering implementation of adequate surveillance. Education programs targeted to PCPs to improve their skills in identifying the patients at risk can facilitate prompt referral to the hepatologist/gastroenterologist for US. PCPs should be encouraged to use biochemical scores to raise the suspicion of cirrhosis, and if feasible, portable elastography scanners. Once the diagnosis of cirrhosis has been established by transient elastography, acoustic radiation force impulse elastography, or other modalities, the patient should be followed up in a specialty setting. Regarding the surveillance tools, real-life experience confirms that semiannual ultrasound examination with the addition of sequential AFP monitoring in selected cases is the most appropriate method, with a sensitivity of about 70%. Ultrasound examinations should be of high quality and hence preferably performed by radiologists with good expertise in liver imaging, or when feasible, by the hepatologist himself. When ultrasound examinations are unsatisfactory (about 20% of cases), it should be explicitly noted in the sonographic report and the patient preferably surveilled with an annual MRI, which brings the total detection rate of early-stage HCC up to 85%. Fifteen percent of HCCs are aggressive tumors that cannot be diagnosed at an early stage with the currently available tools. Adherence to scheduled examinations is still a problem, particularly in some categories of patients, i.e. alcoholic and NAFLD cirrhotic patients. In order to improve patient adherence, a less complex approach that reducing the number of visits to the hospital and reducing bureaucratic procedures should be used. Once a diagnosis of HCC is made. It should be promptly treated in the appropriate setting, with evaluation of the necessity to refer the patient to a tertiary care hospital for more advanced treatments or to be evaluated for liver transplantation. Figure 2 shows the hub and spoke model of care of cirrhotic patients implemented in our province. According to the model, cirrhotic patients are identified by PCPs using appropriate screening tests. The patients are then referred to the liver clinics of general hospitals (Spokes) for diagnosis confirmation and implementation of surveillance programs. Therapeutic interventions are performed locally when feasible or the patient is referred to the tertiary referral hospital (Hub) for further treatment.

KEY TAKE AWAY MESSAGES
Surveillance for HCC in cirrhotic patients and chronic hepatitis B patients allows detection of the tumor at an early stage and improves survival.

International guidelines recommend semiannual ultrasound with or without AFP monitoring in these patients, but surveillance implementation at the community level is low.

[bookmark: _GoBack]Education programs targeting PCP and aiming at improving the identification and referral of patients at risk of HCC should be implemented.

Subspecialty-based surveillance performed by the hepatologist or gastroenterologist in the setting of the liver clinic of a general hospital is the preferred model, when feasible.

Ultrasound and MRI should be used sequentially in case of inadequate sonography.

Surveillance should be incorporated into the specific care and follow-up provided by the liver clinic to enhance adherence.

The liver clinic of the general hospital should be integrated into a hub and spoke model of care alongside PCPs and tertiary referral hospitals to ensure proper access to care.
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Figure Legends
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Figure 1 Hepatocellular carcinoma diagnosis before and after implementation of the training program in the area where primary care physicians were trained and in other areas where primary care physicians were not trained. White bars indicate the total number of hepatocellular carcinomas. Black bars indicate hepatocellular carcinomas diagnosed by surveillance. In the intervention area the diagnoses under surveillance increased from 85 of 244 (34.8%) to 105 of 190 (55%) after training (Δ = + 20.5%, P < 0.001). The diagnoses increased from 21 of 81 (25.9%) to 20 of 51 (39%) in other areas (Δ = + 13.1%, P = 0.11, not significant).
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Figure 2 Hub and spoke model for the diagnosis and follow-up of cirrhotic patients by primary care physicians in the province of Bergamo. In the model, ultrasound surveillance and follow-up of cirrhotics are performed by hepatologists in general hospitals. HBV: Hepatitis B virus; HCV: Hepatitis C virus; OLT: Orthotopic liver transplantation; PCP: Primary care physicians.

Table 1 Adherence to surveillance by 362 cirrhotic patients followed from January 2013 through December 2020 at the hepatology unit of Policlinico S. Marco
	Etiology of cirrhosis
	Adherent
	Semiannual
	Annual
	Nonadherent

	Alcoholic (103)
	55 (52%)
	31 (56%)
	24 (44%)
	48 (46%)

	HBV (53)
	39 (73%)
	35 (90%)
	4 (10%)
	14 (27%)

	HCV (164)
	119 (72%)
	101 (85%)
	18 (15%)
	45 (28%)

	NAFLD (42)
	24 (57%)
	17 (71%)
	7 (29%)
	18 (43%)

	Total: 362
	237 (65%)
	184 (77%)
	53 (23%)
	125 (35%)


Adherence was defined as the performance of regular annual or semiannual ultrasound examinations in the previous 24 mo. HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Nonalcoholic fatty liver disease.
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