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Onco-hematologic patients are highly susceptible to SARS-CoV-2 infection and, once infected, frequently develop COVID-
19 due to the immunosuppression caused by tumor growth, chemotherapy and immunosuppressive therapy. In addition,
COVID-19 has also been recognized as a further cause of hepatitis B virus (HBV) reactivation, since its treatment
includes the administration of corticosteroids and some immunosuppressive drugs.
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| 1. Introduction

The reactivation of hepatitis B virus (HBV) is a frequent event in onco-hematologic patients, both hepatitis B surface
antigen (HBsAg)-positive and HBsAg-negative/hepatitis B core antibody (HBcAb)-positive ones, since the covalently
closed circular DNA (cccDNA) remains a small microsome in the nucleus of infected hepatocytes even after patients have
recovered, acting as a template for HBV-DNA synthesis and able to induce HBV reactivation. The immunosuppression
induced by the growth of the tumor and by antineoplastic treatments is the main cause of this reactivation.

2. HBV Reactivation in Patients with Hemato-Oncologic Malighancies and
Its Prevention

Before starting any antineoplastic treatment, hemato-oncologic patients should be tested for serum HBsAg and HBsAb,
and the positive patients also for the serum HBV-DNA load. Being at a high risk of HBV reactivation, HBsAg-positive
patients with cancer have to undergo prophylaxis with a high genetic barrier nucleus(t)side analogue (ETV, TDF or TAF) to
be started one—two weeks before antineoplastic therapy W, whereas pre-emptive therapy with the same nucleus(t)side
analogues is considered sufficient for HBsAg-negative/HBcAb-positive patients who are at a lower risk of HBV
reactivation; an exception should be made for the HBsAg-negative/HBcAb-positive patients intending to receive treatment
with anti-CD20 antibodies or to undergo stem cell transplantation (SCT), who would need nucleus(t)side analogues in
prophylaxis [2IE14],

Of note, pre-emptive therapy with high genetic barrier nucleo(t)side analogues implies the determination of HBV-DNA
serum levels every 1-3 months during antineoplastic treatment and the subsequent post-treatment follow-up. Once
started, nucleo(t)side analogue prophylaxis should be continued throughout the antineoplastic therapy and a 12-month

post-treatment follow-up, which should be extended for a further 6 months for patients treated with anti-CD20 antibodies
or SCT Bz,

The published studies on HBV reactivation in cancer patients concern patients unprotected by high genetic barrier
nucleo(t)side analogues. It has been estimated that anticancer therapy induces HBYV reactivation in 41-53% of HBsSAg-
positive subjects and in 8-18% of those that are HBsAg-negative/HBcAb-positive [EBIEl with rituximab, alemtuzumab,
anthracyclines, fludarabine and high-dose corticosteroids being the drugs most frequently involved. Some authors have
highlighted that the type of malignancy also plays a role in the development of HBV reactivation LULUILZ |n g
retrospective study on 156 HBsAg-positive neoplastic patients undergoing chemotherapy, the incidence of severe HBV
exacerbation was 25% in those with hematological malignancies, and 4.3% in those with solid tumors; of note, this rate

was 40% in patients receiving rituximab-based chemotherapy and 4.1% in those treated with rituximab-free chemotherapy
3]

Numerous studies concern the reactivation of HBV in HBsAg-negative/HBcAb-positive onco-hematologic patients not
protected by a high genetic barrier nucleus(t)side analogue. Wu et al. 24 reported a 5.7% incidence rate in leukemia
patients receiving chemotherapy and a 2.2% in those who underwent SCT [14],



Hui et al. 12 found a 3.3% HBV reactivation in 244 patients with malignant lymphoma, with a higher reactivation rate in
those treated with rituximab plus corticosteroids.

In a prospective study performed by Yeo et al. 8 in patients with diffuse large B-cell lymphoma (DLBCL), HBV

reactivation occurred in 23.8% of the 21 receiving R-CHOP and in none of the 25 treated with CHOP.

In 150 patients with lymphoma receiving rituximab-based chemotherapy, Hsu et al. 12 found an incidence of HBV
reactivation of 10.4 per person per year and the development of a hepatic flare in 6.4% of cases 4.

Matsui et al. 28 followed up with 59 patients with lymphoma under R-CHOP treatment, and found HBV reactivation in
6.8% of cases.

Ji et al. 12 reported HBV reactivation in 1 patient out of 43 with DLBCL treated with R-CHOP. The different frequency of
HBV reactivation in HBsAg-negative/HBcAb-positive patients with onco-hematologic malignancies across the above-
mentioned studies reflects differences in selection criteria, duration and the quality of the follow-up, type of onco-
hematologic malignancy, degree of patients’ immunosuppression and type of antineoplastic treatment. Taken together,
however, these studies indicate that HBV reactivation affects 2-10% of HBsAg-negative/HBcAb-positive patients, the
highest rates occurring in those treated with rituximab-based chemotherapy.

| 3. SARS-CoV-2 Infection and COVID-19 in Onco-Hematologic Patients

Cancer patients are at a high risk of developing severe COVID-19 once infected with SARS-CoV-2 [2Q[21[22][23][24](25] pe
to their low or absent host immune response, this virus is free to replicate and spread in patients with neutropenia,
aplasia, bone marrow hypoplasia or neoplastic bone marrow disease, with massive direct cell damage; serous dangers
are also exerted in patients with indolent chronic hematological diseases, in those who have undergone a bone marrow
transplant and in those receiving or having recently received immunosuppressive therapy or chemotherapy [24(28]127](28][29]
(80 |n contrast, SARS-CoV-2 infection can induce an immunological hyperactivation and cytokine storm with consequent
indirect tissue damage in patients with onco-hematological diseases involving antigen-presenting cells, T lymphocytes, NK
or histiocytes [281127]12811291[301311[32] Thjs can also occur in patients with multiple myeloma on immunomodulatory therapy
and in those with chronic myeloproliferative diseases [281[271(28]129][30][32],

The management of cancer patients during the SARS-CoV-2 pandemic has been complex. The real need of patients to
access health facilities should be carefully assessed through an online triage to distinguish between deferrable and non-
deferrable hospitalization needs. During a pandemic wave, hospitalization could be postponed by 12 weeks for patients
waiting for a non-urgent transplantation and for those with stabilized diseases [B3IB4I331[36] patients on the waiting list for
allogeneic transplantation should start conditioned chemotherapy only after the arrival of the donor cells and
cryopreservation.

It has been recommended by several scientific societies (the European Society for Medical Oncology, the American
Society of Clinical Oncology, the National Comprehensive Care Network, the Commission on Cancer, the National
Institute for Health and Care Excellence in the UK and the American Society of Radiation Oncology) that a diagnostic
molecular nasopharyngeal swab should be performed to detect SARS-CoV-2 RNA by PCR in all patients with cancer who
have signs or symptoms of an influenza-like illness (ILI), in those who have been in contact with individuals with SARS-
CoV-2 infection and in those who have been in hyperendemic areas; the positive ones should be admitted to dedicated
care facilities until the RNA test is negative in at least two consecutive swabs BZIS8[39][40]41]

Patients with hematological cancer should be advised to minimize hospital visits to prevent SARS-CoV-2 infection and to
remain in telephone and audiovisual contact with the medical staff in care. The use of telemedicine can be of considerable
support in the management of onco-hematological patients who can receive useful information on the behaviors to be
followed, the modulation of therapy and any possible need they may have [BA[4142]143] \wWhen necessary, onco-
hematologic patients who have completed the SARS-CoV-2 vaccination course may be admitted with caution to
healthcare facilities if they test negative with a SARS-CoV-2 RNA nasopharyngeal swab and have no ILI symptoms nor
contact with SARS-infected subjects.

Most of the published studies on the efficacy of the COVID-19 vaccine report data obtained with the administration of two
doses. Taken together, these studies demonstrate a good vaccine efficacy in the general population and lower efficacy in
cancer patients 4445148147 |n fact, Embi et al. 48 found that two doses of the COVID-19 mRNA vaccine prevented
hospitalization in 90% of immunocompetent subjects, in 77% of immunocompromised patients and in 75% of cancer
patients. In a retrospective, multi-center cohort study on 184,485 US cancer veterans, Wu et al. 8 evaluated COVID-19



MRNA vaccination as effective in approximately 60% of patients, ranging from 54% in patients on endocrine therapy or
chemotherapy to 85% in those left untreated in the last 6 months “&. Therefore, even if somewhat less effective than in
normal subjects, COVID-19 vaccination is of great use for onco-hematologic patients. The need to vaccinate infection
immunosuppressed and cancer patients against SARS-CoV-2 with a complete vaccination cycle (three vaccine doses)
and with additional doses eventually required by the evolution of the pandemic and the duration of vaccine protection was
clearly demonstrated in a UK study performed by Hippisley-Cox on a prospective cohort of 6,952,440 vaccinated subjects,
of whom 5,150,310 received two doses of vaccine and the remaining ones a single dose. The study highlighted risk
factors for death from COVID-19 to be moderate or high intensity chemotherapy (HR 3.63 and 4.3, respectively), stem cell
transplantation within the last six months (HR 2.5), hematological cancer (HR 1.86) and cancer of the respiratory tract (HR
1.35) 47, There was then the clear indication that oncologic patients should be given priority in COVID-19 vaccination
over healthy citizens. This is true even today, since the administration of the fourth dose of RNA vaccine has begun in
high-income countries with priority for the elderly and cancer patients.

However, there are concerns regarding the vaccination of numerous patients due to insufficient information,
misinformation transmitted by social and mass media, the wavering decisions of some governments and patient fears of
worsening the precarious equilibrium of the diseases. Evidence of these concerns was provided by Mejri et al. 48 who
interviewed 329 Tunisian cancer patients; the vaccination acceptance rate was 50.5%, while 28.3% refused and 21.2%
remained undecided and did not get vaccinated. The most frequent reasons for non-acceptance were the fear that the
COVID-19 vaccine was not sufficiently effective and that it could negatively affect the course of the disease and the
efficacy of treatments in place. This is a useful indication for physicians and psychologists to better target their work in
convincing cancer patients that this vaccine is effective, safe and well-tolerated by almost everyone.

The reasons for vaccine hesitancy are heterogeneous and complex 2. Three main motivations were identified by the
SAGE group: contextual influences (e.g., socioeconomic and political), individual and social influences (e.g., social or
personal experiences) and problems related to the vaccine and its administration (e.g., perceived benefits and risks and
attitudes of health care providers) B9, In June—August of 2020, there were conflicting views on the need for a COVID-19
vaccine, attributable to several factors that helped create vaccine hesitancy, including the perceived low risk of COVID-19
infection, vaccine-specific concerns and low adherence to COVID-19 information sources BHB2IE3] This hesitancy has
also arisen among a significant number of physicians, and this has further increased hesitation about the COVID-19
vaccine in the general population. It is reasonable to hypothesize that vaccine hesitation could be lessened if it were
administered by family doctors and doctors involved in the clinical and therapeutic follow-up of patients with long-lasting
diseases, as it commonly occurs for onco-hematological patients. Trust in long-time respected doctors can increase
patient confidence in the vaccine, and the practice of vaccination can increase doctors’ confidence in a vaccine whose
benefits they have directly assessed.

| 4. HBV Reactivation in Patients with COVID-19

There is little information on HBV reactivation in patients with COVID-19 due to the short time elapsed since the start of
the COVID-19 pandemic. Wu et al. 19 published the case of a 45-year-old male affected by HBsAg-positive chronic
hepatitis treated with adefovir dipivoxil and ETV, who was hospitalized for COVID-19. He was HBsAg-positive and
HBeAg/HBeAb-negative, his serum aminotransferases were normal and HBV-DNA was undetectable. The patient was
treated with methylprednisolone and developed a moderate HBV reactivation identified by a moderate increase in
aminotransferases serum values and by a moderate HBV-DNA load. TDF was added to therapy and HBV reactivation
rapidly resolved. The nasopharyngeal molecular swab to detect SARS-CoV-2 RNA became permanently negative and the
patient recovered from COVID-19 &4,

Aldhaleei et al. 3 published the case of a 35-year-old man hospitalized for unconsciousness, which developed after an
episode of vomiting, and was found positive for SARS-CoV-2 infection. He was jaundiced with serum aminotransferases
over 100 times the higher value of the normal, had elevated serum bilirubin and slightly reduced serum albumin levels; a
brain CAT scan did not show pathological findings. He was HBsAg-positive, HBV-DNA-positive, HBcAb IgM-positive,
HBeAg-negative and HBeAb-positive. No corticosteroids nor immunosuppressive drugs were administered except for
supportive therapy and entecavir one mg per day. Liver disease gradually resolved, and the SARS-CoV-2 RNA test
became negative. In the absence of information on HBV markers prior to admission and relying on HBeAb positivity, the
authors hypothesized the diagnosis of severe HBV reactivation related to SARS-CoV-2 infection, but the possibility of an
acute hepatitis B concomitant with SARS-CoV-2 infection could not be excluded.

In a prospective cohort study of 600 COVID-19 patients, 61 were found to be HBsAg-negative/HBcAb-positive and were
followed up with to identify a possible HBV reactivation during corticosteroid and/or immunosuppressive therapy. Out of



the 61, 38 received ETV prophylaxis (0.5 mg/day) and 23 remained untreated. HBV-DNA became detectable in 2 of 23
untreated patients and in none of 38 in the prophylaxis group, suggesting that entecavir was effective in preventing HBV

reactivation (28!,
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