:' frontiers ‘ Frontiers in Oncology

@ Check for updates

OPEN ACCESS

EDITED BY
Yonghui Li,
Shenzhen University, China

REVIEWED BY
Meinolf Suttorp,

Technical University Dresden, Germany
Haojian Zhang,

Wuhan University, China

*CORRESPONDENCE

Weiming Li
lee937@126.com

Tao Yu
15607208850@126.com

RECEIVED 04 May 2023
ACCEPTED 13 July 2023
PUBLISHED 03 August 2023

CITATION
Yu T, Li Wand Yu T (2023) Management of
chronic myelogenous leukemia with
COVID-19 and hepatitis B.

Front. Oncol. 13:1217023.

doi: 10.3389/fonc.2023.1217023

COPYRIGHT
© 2023 Yu, Li and Yu. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License

(CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Oncology

TYPE Review
PUBLISHED 03 August 2023
Dol 10.3389/fonc.2023.1217023

Management of chronic
myelogenous leukemia with
COVID-19 and hepatitis B

Tian Yu™?, Weiming Li* and Tao Yu™

'Department of Hematology, Affiliated Renhe Hospital of China Three Gorges University, Yichang, China,
2College of Basic Medical Sciences, China Three Gorges University, Yichang, China, *Department of
Hematology, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology,
Wuhan, China

The application of immunosuppressive agents and targeted drugs has opened a
novel approach for the treatment of hematological tumors, and the application
of tyrosine kinase inhibitors for the treatment of chronic myeloid leukemia is one
of the landmark breakthroughs that has considerably improved the prognosis of
CML patients. However, with the extensive use of TKI, the co-infection of CML
patients has become increasingly apparent, especially regarding infectious
diseases such as hepatitis B and COVID-19. The underlying mechanism may
be related to the inhibition of the immune function by TKI. Poor management,
including disease progression due to the infectious disease or TKI dose reduction
or discontinuation, may lead to adverse clinical outcomes and can even be life-
threatening. Therefore, this review principally provides an overview of the
pathogenesis and standardized management principles of CML patients with
comorbid COVID-19 or hepatitis B in order to improve clinicians’ awareness of
the risks so as to more effectively diagnose and treat CML and improve the
survival rate and quality of life of patients. In the past two decades, owing to the
advent of imatinib, chronic myeloid leukemia (CML) has transformed into a
chronic controllable disease, and even treatment-free remission can be
anticipated. Earlier studies have indicated that tyrosine kinase inhibitor (TKI)
exerts a peculiar inhibitory effect on the body’'s immune function. Therefore,
with the widespread application of TKI, more and more attention has been paid
to the comorbidity of infectious diseases in CML patients, especially in patients
with progressive disease or non-remission. Despite some studies revealing that
the proportion and severity of SARS-CoV-2 infection in CML patients receiving
TKI treatment are lower than in patients with other hematological malignancies,
CML patients with stable disease are still recommended to be vaccinated against
SARS-CoV-2, while TKI may or may not be discontinued. Meanwhile, the
management of CML patients during the epidemic of coronavirus disease 2019
(COVID-19) still necessitates further discussion. This article also provides an
overview of TKl-related hepatitis B reactivation. If not managed, patients may
face adverse consequences such as hepatitis B reactivation-related hepatitis,
liver failure, and progression of CML after forced withdrawal of medication.
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Therefore, this review aimed to comprehensively describe the management of
CML patients with comorbid COVID-19, the pathogenesis of hepatitis B
reactivation, the indicated population for prophylactic antiviral therapy, the
time of antiviral drug discontinuation, and drug selection.

KEYWORDS

chronic myelogenous leukemia, tyrosine kinase inhibitors, coronavirus disease 2019,
hepatitis B, management

1 CML complicated with COVID-19

On February 11, 2020, the World Health Organization (WHO)
named the disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection as COVID-19. On 12
March of the same year, the outbreak was considered a global
pandemic. Given that the majority of patients with hematological
malignancies are immunocompromised, the infection rate and
mortality rate of SARS-CoV-2 are high in this population.
However, studies have signaled that TKIs have antiviral and
immune-regulating abilities, which may reduce the incidence of
COVID-19 infection (1-3). Even so, there is an urgent need to
develop an appropriate risk management strategy for CML patients
to manage the SARS-CoV-2 pandemic.

1.1 Morbidity and mortality of CML
with COVID-19

CML accounts for 15% of adult leukemia, with a global incidence
of 1.6/100,000 to 2/100,000, and a incidence of 0.36/100,000 to 0.55/
100,000 in China (4, 5). Li et al. (6) collected data from 530 CML
patients with COVID-19 in Hubei Province at the beginning of the
epidemic in 2020, and the prevalence of COVID-19 was estimated to
be 0.9%, which was significantly higher than that of the overall
population during the same period (0.9% vs. 0.1%), yet significantly
lower than that of hematology and oncology patients (0.9% vs. 10%).
Another Dutch study also observed that the ratio of SARS-CoV-2
infection in CML patients was marginally higher than that in the
general population (0.7% vs 0.3%) (7). At the same time, Breccia et al.
(8)collected clinical information on 8665 CML patients, of which 217
were SARS-CoV-2-positive (2.5%), which was comparable to the
infection rate of the general Italian population during the same period
(2%-3%), and the mortality rate of CML patients was 0.13%.
Compared with other malignant hematological diseases (2.04%),
the mortality rate of CML seems to be lower.

The outbreak of SARS-CoV-2 Omicron (BA.5.2) began in China
after December 2022 (9). A study investigated the epidemiological
characteristics of this strain in CML patients by conducting a
questionnaire survey for 1121 CML patients in the Hubei and
Henan provinces and determined that 74% of patients developed
SARS-CoV-2 infection, which was lower than the official COVID-19
infection rate of >80% in the Hubei province and 89% in the Henan
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province. Among these patients, 4% were asymptomatic, but only 2%
(n=22) required hospitalization, with 5 mild, 14 moderate, and 3
severe cases. Moreover, five patients required respiratory assistance,
three were admitted to the intensive care unit, and one (with
progressive disease) died from COVID-19.The study found that
age>=65 years, higher education level and receiving imatinib for
CML are more susceptible to SARS-CoV-2 infection. The authors
suggest that the mechanism of differences between TKIs may be
related to different immune effects. Compared with imatinib,
dasatinib and nilotinib may play a more significant role in resisting
SARS-CoV-infection and regulating cytokine release syndrome (10).

1.2 Management of CML patients
with COVID-19

1.2.1 Can CML patients be vaccinated
against COVID-19?

Experts’consensus on severe acute respiratory syndrome
coronavirus-2 vaccination in adult patients with hematological
diseases in China(2022) (11) recommends that those patients
with CML whose condition remains stable after BCR:ABL1 TKI
monotherapy maintenance therapy can be vaccinated against
COVID-19. Stable disease means that CML does not progress to
accelerated phase and blast crisis. Bonifacio et al. (12) conducted a
cross-sectional study in 564 CML patients with COVID-19 from
five hematologic centers in Italy and noted that the positive rate of
1gM/1gG was similar to that of the general population (2%),
regardless of the administration of TKI. Additionally, Claudiani
et al. (13) validated that the vaccine response rate in CML patients
was similar to that in the general population. Yang et al. (14)
investigated 335 CML patients vaccinated with the SARS-CoV-2
vaccine and found that the incidence of adverse reactions was
19.1%, which was comparable to that of the healthy population in
China (19.0%-48.3%). In addition, the study also exposed that the
occurrence of adverse reactions was not significantly correlated with
the type of TKI and patient characteristics. Therefore, SARS-CoV-2
vaccination is recommended for CML patients with stable disease.

1.2.2 Which CML patients are not eligible for the
COVID-19 vaccine?

Experts’consensus on severe acute respiratory syndrome
coronavirus-2 vaccination in adult patients with hematological
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diseases in China (2022) (11) proposes that vaccination should be
postponed in the following patients: 1) patients with progressive or
uncontrolled diseases. 2) patients with abnormal routine blood tests,
thrombocytopenia (< 50x10°/L), and neutropenia (< 1.0x10°/L).
3) Patients contraindicated for the vaccine, as described in the
Guidelines of vaccination for COVID-19 vaccines in China (First
edition) issued by the National Health Commission of the People’s
Republic of China (15).

1.2.3 Should TKis be discontinued in CML
patients with COVID-19?

The European Conference on Infections in Leukemia pointed out
that non-chemotherapy targeted drugs, such as TKIs, should not be
discontinued even in patients with COVID-19 (16). CANDID (Cml
AND covID), initiated by the International Cml Foundation (iCMLS),
enrolled 1050 CML patients infected with SARS-CoV-2, and the results
showed that the severity and mortality rate was not related to the type
of TKI, TKI treatment regimen, or dose. Interestingly, the proportion
of TKI interruption in severe or critical patients was significantly higher
(17). In addition, earlier studies have established that TKIs exert
antiviral effects and alleviate inflammatory storms (1-3). Tanaka
et al. (18) described that patients treated with imatinib showed
selective depletion of effector T reg (eT reg) cells and a significant
increase in effector/memory CD8+ T cells after achieving complete
molecular remission (CMR), but not in non-CMR patients. Therefore,
CML patients with COVID-19 are recommended to continue their
TKI regimen.

1.2.4 Does SARS-CoV-2 infection cause
molecular relapse in patients with TFR?

Sauflele et al. (19) collected the molecular remission status of 74
CML patients in treatment-free remission before, during, and after
at least 6 months following SARS-CoV-2 infection, and the results
revealed no statistically significant difference in the severity of
COVID-19 symptoms between patients on TFR and TKI
treatment (12.6% vs. 12%, P < 0.05). p=0.87). Besides, there was
also no evidence of an increased risk of TFR loss after SARS-CoV-2
infection. Thus, SARS-CoV-2 infection may not be the cause of
molecular relapse in CML patients who achieved TFR.

1.2.5 The prescription principle in CML patients
with COVID-19

The treatment principle of CML patients infected with COVID-19
is similar to non-covid-infected CML patients, and CML patients can
be diagnosed and treated according to the treatment guidelines
formulated by the National Health Commission of the People’s
Republic of China. However, it is worthwhile emphasizing that
overdoses of antipyretic drugs such as ibuprofen and acetaminophen
and the Lianhua Qingwen capsule, as well as co-administration with
Western medicine, should be avoided. In vitro experiments
demonstrated that imatinib inhibited the O-glucuronidation of p-
aminophenol. Notably, a febrile patient in a clinical trial was
reportedly treated with acetaminophen and died of acute liver failure
11 days after receiving imatinib treatment. Therefore, caution is
warranted in patients taking imatinib and antipyretics containing
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acetaminophen, ibuprofen, or diclofenac sodium suppository (20).
For instance, Paxlovid contains ritonavir, a CYP3A4 enzyme
inhibitor, and patients given TKI combined with anti-COVID-19
drugs should be strictly monitored for side effects. The blood drug
concentration can be measured in qualified centers, and the dose of
TKI should be reduced if necessary.

2 CML complicated with hepatitis B
virus infection

In 2006, the US FDA updated the information on imatinib,
dasatinib, and nilotinib to emphasize the risk of hepatitis B virus
reactivation (21). Hepatitis B reactivation occurred in some
patients, which subsequently fulminated into hepatitis and liver
failure, resulting in an extremely poor prognosis. Therefore, it is
critical to weigh the benefits of the treatment of CML patients and
the risk of hepatitis B reactivation.

2.1 The reactivation rate of HBV in
CML patients

In recent years, cases of TKI-related hepatitis B reactivation
have been increasing. Prior studies conducted in Taiwan and Korea
exposed that the reactivation rate of HBsAg-positive patients
treated with TKIs, including imatinib, dasatinib, and nilotinib,
was 26%-44.1% (See Table 1 for details) (22-25).

2.2 The pathogenesis of HBVr in CML

On the one hand, imatinib and nilotinib have been reported to
inhibit T cell-mediated immune response. On the other hand, dasatinib
can restrain Src family LCK and T cell function and inhibit CD8+T cell
proliferation (26, 27). Recent studies have validated that TKIs can lower
the amount of immunoglobulin (28, 29). Li et al. (26) reported 2 cases
of hepatitis B reactivation after achieving MMR or CCyR in patients
treated with imatinib, which is in line with the findings of Ikeda et al.
(30). At the same time, Mothy et al. (31) evinced that CML patients
who responded to imatinib were able to recover the function of
plasmacytoid dendritic cells, which may be related to immune
reconstruction due to hepatitis B reactivation. Lastly, Lai et al. (26)
reported a case of hepatitis B reactivation 5 months before achieving
CCyR with nilotinib, which may be associated with the different
immune recovery pathways of the imatinib.

2.3 Management of CML patients
with HBVr

2.3.1 Risk assessment

The American Gastroenterological Association (AGA), Asian
Pacific Association for the Study of the Liver (APASL), and European
Association for the Study of the Liver (EASL) recommend stratifying
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TABLE 1 The effects of different TKIs on the outcomes of patients with chronic myelogenous leukemia complicated with hepatitis B.

Author Number of HBV Proportion of HBVr Median time to HBV reactivation Medication

cases status (antiviral vs. control) from CML diagnosis
Uhm N=76 HBsAg 0% (0/23) vs 26% (12/46) 22.1 mo Imatinib: 7; dasatinib: 2;
(2018) (+) nilotinib: 1; radotinib: 1;
(22) Discontinued

TKI therapy: 1.

Kim N=43 HBsAg 0% (0/9) vs 44.1% (15/34) 9.3 mo Imatinib: 12; dasatinib: 2;
(2012) (+) nilotinib:1.
(23)
Wang N=19 HBsAg 0% (0/6) vs 38.5% (5/13) 11 mo
(2019) (+)
(24)

N=123 HBsAg(-) = 0%
Sora N=11 HBsAg(-) = 0% Imatinib: 7; nilotinib: 4.
(2017)
(25)

individuals at high risk of hepatitis B reactivation according to HBV
marker status and the type of immunosuppressive agents; the patients
should be classified into three risk levels according to HBV-related
morbidity, namely low (<1%), moderate (1%-10%), and high (>10%).
According to the WHO, the global prevalence of hepatitis B in the
general population in 2019 was 3.8%. It is estimated that the prevalence
rate in China is 6.1%, and there are about 86 million hepatitis B carriers
(32).APASL recommends HBsAg (+) patients receiving TKI be
classified as high-risk, whereas HBsAg (-) patients are classified as
low-risk. Contrastingly, AGA considers these patients to be in the
moderate risk group, regardless of HBsAg status. This difference can be
attributed to the varying prevalence of hepatitis B and rates of drug-
related hepatitis B reactivation in different regions. Combined with the
above-mentioned data and the risk stratification of APASL, the
reactivation rate of HBsAg (+) patients using TKI was 26%-44.1%,
while that of HBsAg (-) patients was 0% (22-25). This implies that
HBsAg (+) should be regarded as high risk and HBsAg (-) as low risk in
CML patients receiving TKI. However, the risk stratification of CML
patients receiving TKI therapy in China still lacks evidence from large
sample-size studies, especially previously infected patients.

2.3.2 Which indicators need to be screened?

AASLD (2018), EASL (2017), AGA (2015), and APASL (2021)
all recommend CML patients be screened for HBsAg, anti-HBc, and
anti-HBs in order to determine the stage of hepatitis B infection
before immunosuppressive therapy. APASL also advocates
screening for HBV DNA and HBsAg levels in HBsAg (+) patients
as well as evaluating the degree of liver fibrosis where applicable
(33-36). Based on the national statistics of China, the infection rate
of hepatitis B is about 6.1% (32), and the aforementioned screening
biomarkers are inexpensive. Thus, patients receiving TKI should
routinely be screened for viral markers (HBsAg, anti-HBc, anti-hbs,
and HBV DNA), serum liver function test (ALT, AST, coagulation
function, and bilirubin levels), and liver stiffness.

2.3.3 Indications for antiviral therapy
TKI competes with ATP for binding sites on ABL kinase,
preventing downstream signaling pathway phosphorylation and
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thus inhibiting proliferation of BCR::ABL1-positive cells.
However, the effects of TKIs on immune function in patients can
contribute to hepatitis B reactivation, including episodes of hepatitis
associated with elevated alanine aminotransferase (ALT), increased
mortality from liver failure, and the progression of chronic
myelogenous leukemia after reduction or discontinuation of TKIs.
Therefore, the choice of people for antiviral treatment is very
important. At present, there has been no standard preventive
strategy established for hepatitis B patients receiving TKI
treatment. However, there are usually two options.

Firstly, prophylactic antiviral therapy should be given to
patients with high-risk factors:1)HBsAg (+) patients.;2)HBsAg
(-)/anti-HBc (+) patients with cirrhosis or advanced liver fibrosis.

Secondly, changes in hepatitis B surface antigen and DNA were
monitored dynamically, and antiviral therapy was given
immediately once the following situations occurred:1)HBsAg
(-)/anti-HBc (+) patients with HBsAg and/or HBV DNA
seroconversion;2)HBsAg (-)/anti-HBc (+) patients with a high
HBV DNA level (> 2 log of baseline) (33-36).

2.3.4 How is liver fibrosis evaluated?

The assessment of liver fibrosis is of great significance for
determining the diagnosis, judging the prognosis, choosing the
appropriate the treatment, and monitoring treatment efficacy.
Liver biopsy remains the gold standard for the diagnosis of
fibrosis but is an invasive examination and relatively expensive;
thus, imaging techniques are preferred. Transient elastography has
been widely validated by liver stiffness measurement (LSM) as an
accurate and reproducible method for predicting advanced fibrosis
or cirrhosis in patients with chronic hepatitis B (CHB, chronic
hepatitis B). The 2019 guidelines for transient elastography
recommends that if LSM > =17.0 kPa, liver cirrhosis should be
considered in hepatitis B patients with normal bilirubin levels and
ALT<5xULN; if LSM>=12.4 kPa, then advanced liver fibrosis
should be considered. When bilirubin levels and ALT are within
the normal range,if LSM >=12.0 kPa, a diagnosis of cirrhosis should
be suspected, while LSM>=9.0 kPa indicates advanced liver fibrosis.
However, the accuracy of liver biopsy is higher when the criterion of
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ALT>= 5xULN is used (37, 38). The assessment of liver fibrosis can
be used for more detailed stratification to guide treatment and can
also serve as a reference for treatment discontinuation.

2.3.5 When should the antiviral drugs
be discontinued?

Patients with chronic HBV-related hepatitis are typically treated
long-term with nucleoside/nucleotide analog antiviral therapy, and
treatment may be discontinued based on HBV DNA and ALT levels
as well as liver fibrosis assessment. However, the duration of
treatment has not been established for patients initiated on
prophylactic antiviral therapy. Both APASL and AASLD
recommend antiviral therapy for at least 6 months after the
withdrawal of immunosuppressants, whereas EASL recommends
HBsAg (+) patients to receive antiviral therapy for at least 12
months after the withdrawal of immunosuppressants (33-36).
Although TKI treatment is likely to be lifelong for the majority of
CML patients, antiviral therapy is reccommended to be continued for
at least 6 months after discontinuation of the TKI, regardless of HBV
DNA levels, in patients for whom a treatment-free response
is expected.

2.3.6 Content and frequency of monitoring after
discontinuation of antiviral drugs.

HBsAg and HBV DNA levels, as well as liver function (ALT,
AST, bilirubin, and coagulation profile), should be evaluated every 3
months for at least 1 year after stopping antiviral drugs. In the
meantime, abdominal ultrasound or liver stiffness testing should be
performed every 6 months in patients without cirrhosis. For
patients with cirrhosis, lifelong medication may be considered,
and reexaminations are recommended every 3 months (37).

2.3.7 The choice of antiviral drugs

The 2019 guidelines for the prevention and treatment of chronic
hepatitis B point out that entecavir, tenofovir, and adefovir dipivoxil
have a higher safety profile and lower drug resistance rate;
furthermore, long-term use can effectively reduce the risk of
cirrhosis and liver cancer, and the viral response rate gradually
increases over time (37). Huang et al. (39) randomly compared
entecavir with lamivudine in lymphoma HBsAg(+) patients
receiving an R-CHOP regimen, and the former significantly
reduced the reactivation rate of hepatitis B. Likewise, a meta-
analysis conducted by Zhang et al. (40)determined that entecavir
(OR 0.23, 95% CI 0.10-0.49) and tenofovir (OR 0.04, 95% CI 0.00-
0.43) were significantly superior to lamivudine in the absence of
prophylactic antiviral therapy. Thus, prophylactic treatment with
tenofovir and entecavir may be the most effective approach to
preventing HBV reactivation and HBV-related morbidity and
mortality in patients with chronic hepatitis B infection receiving
chemotherapy sessions. In addition, these three drugs do not
influence the activity of the liver drug enzyme CYP3A4, and hence,
these antiviral drugs can be used in combination with TKI. However,
there are no clinical studies comparing the efficacy of these three
drugs in inhibiting hepatitis B reactivation. Antiviral agents can be
selected according to renal function and a past history of lamivudine
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resistance. Entecavir is typically preferred if the patient has poor renal
function. In comparison, tenofovir is preferred if lamivudine has been
previously used.

2.3.8 Application of hepatitis B vaccine

In 20 studies involving 1672 patients who did not receive antiviral
prophylaxis, the reactivation risk was 14% in 388 patients with
hepatitis B core antigen (anti-HBc) antibodies and 5.0% in 1284
patients who also had anti-HBs (41). In an experiment by Takahata
et al., 46 people prepared for hematopoietic stem cell transplantation,
21 received three doses of hepatitis B vaccine prior to transplantation,
and 25 did not receive any treatment, and the hepatitis B reactivation
ratio was 0(0/21) vs 48%(12/25)(P=0.0003). Moreover, 11 of the 12
patients with reactivation lost anti-HBs. (42). The absence of anti-
HBs may be a predictor of HBV reactivation. In addition, Chinese
guidelines recommend that patients who have received hepatitis B
vaccine in the past, if anti-HBs is less than 10 miU/ml, should
immediately inject hepatitis B immunoglobulin, and complete
vaccination according to the course of 0, 1, 6 months. Therefore,
for patients taking TKI, if all markers are negative or anti-HBs <10
miU/ml, the hepatitis B vaccine can be injected (32).

3 Summary and prospect

The use of TKI is historic progress in the treatment of CML and
has significantly enhanced survival outcomes and the quality of life
of CML patients. Although the immune effects of TKI has been
reported, its underlying mechanism remains elusive. In the future,
larger clinical trials are warranted to investigate the potential risk of
infectious diseases in CML patients receiving TKI treatment by
exploring the effects of TKI on immune cells and immune function
so as to develop a universal management strategy.

Author contributions

TiY , WL and TaY contributed to the conception and design of the
study. TiY wrote the original draft of the manuscript. WL and TaY
supplemented the related literature and reviewed this manuscript. All
authors contributed to the article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1217023
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yu et al.

References

1. Zumla A, Chan JF, Azhar EI, Hui DS, Yuen KY. Coronaviruses—drug discovery and
therapeutic options. Nat Rev Drug Discov (2016) 15:327-47. doi: 10.1038/nrd.2015.37

2. Asif M, Amir M, Hussain A, Achakzai NM, Natesan PP, Rasool M. Role of
tyrosine kinase inhibitor in chronic myeloid leukemia patients with SARS-CoV-2
infection: A narrative Review. Med (Baltimore). (2022) 101(26):€29660. doi: 10.1097/
MD.0000000000029660

3. Climent N, Plana M. Immunomodulatory activity of tyrosine kinase inhibitors to
elicit cytotoxicity against cancer and viral infection. Front Pharmacol (2019) 10:1232.
doi: 10.3389/fphar.2019.01232

4. Hehlmann R, Hochhaus A, Baccarani M. European LeukemiaNet. Chronic myeloid
leukaemia. Lancet (2007) 370(9584):342-50. doi: 10.1016/S0140-6736(07)61165-9

5. Chinese Society of Hematology, Chinese Medical Association. Guideline for
management of chronic myeloid leukemia(2013). Zhonghua Xue Ye Xue Za Zhi (2013)
34(5):464-70. doi: 10.3760/cma.j.issn.0253-2727.2013.05.021

6. LiW,WangD,Guo]J, Yuan G, Yang Z, Gale RP, et al. COVID-19 in persons with chronic
myeloid leukaemia. Leukemia (2020) 34(7):1799-804. doi: 10.1038/s41375-020-0853-6

7. Ector GICG, Huijskens EGW, Blijlevens NMA, Westerweel PE. Prevalence of COVID-
19 diagnosis in Dutch CML patients during the 2020 SARS-CoV2 pandemic. A prospective
cohort study. Leukemia (2020) 34(9):2533-5. doi: 10.1038/s41375-020-0964-0

8. Breccia M, Abruzzese E, Accurso V, Attolico I, Barulli S, Bergamaschi M, et al.
COVID-19 infection in chronic myeloid leukaemia after one year of the pandemic in Italy.
A Campus CML report. Br ] Haematol (2022) 196(3):559-65. doi: 10.1111/bjh.17890

9. LuG, Ling Y, Jiang M, Tan Y, Wei D, Jiang L, et al. Primary assessment of the diversity
of Omicron sublineages and the epidemiologic features of autumn/winter 2022 COVID-19
wave in Chinese mainland. Front Med (2023) 31:1-10. doi: 10.1007/s11684-022-0981-7

10. Cheng F, Xiang H, Gale RP, Chen S, Qu J, Guo H, et al. SARS-CoV-2 Omicron
BA.5.2-infection and COVID-19 in persons with chronic myeloid leukaemia. J Cancer
Res Clin Oncol (2023). doi: 10.1007/s00432-023-04995-6

11. Rehabilitation Committee of Hematological Diseases, Chinese Association of
Rehabilitation Medicine, Chinese Society of Hematology and Chinese Medical
Association. Experts’ consensus on severe acute respiratory syndrome coronavirus-2
vaccination in adult patients with hematological diseases in China (2022). Zhonghua
Xue Ye Xue Za Zhi (2022) 43(5):359-64. doi: 10.3760/cma.j.issn.0253-2727.2022.05.002

12. Bonifacio M, Tiribelli M, Miggiano MC, Abruzzese E, Binotto G, Scaffidi L, et al.
The serological prevalence of SARS-CoV-2 infection in patients with chronic myeloid
leukemia is similar to that in the general population. Cancer Med (2021) 10(18):6310-6.
doi: 10.1002/cam4.4179

13. Claudiani S, Apperley JF, Parker EL, Marchesin F, Katsanovskaja K,
Palanicawandar R, et al. Durable humoral responses after the second anti-SARS-
CoV-2 vaccine dose in chronic myeloid leukaemia patients on tyrosine kinase
inhibitors. Br ] Haematol (2022) 197(1):e1-4. doi: 10.1111/bjh.18001

14. Yang Y, Zhang Y, Jiang Q, Meng L, Li W, Liu B, et al. Safety of SARS-CoV-2
vaccines in patients with chronic myeloid leukemia: a multicenter survey in China.
Chin Med J (2022) 135(12):1498-9. doi: 10.1097/CM9.0000000000001899

15. Bureau of Disease Control and Prevention. Guidelines of vaccination for
COVID-19 vaccines in China (First edition). Chin J Viral Dis (2021) 11(3):161-2.
doi: 10.16505/§.2095-0136.2021.0018

16. Cesaro S, Ljungman P, Mikulska M, Hirsch HH, von Lilienfeld-Toal M,
Cordonnier C, et al. Recommendations for the management of COVID-19 in
patients with haematological malignancies or haematopoietic cell transplantation,
from the 2021 European Conference on Infections in Leukaemia (ECIL 9). Leukemia
(2022) 36(6):1467-80. doi: 10.1038/s41375-022-01578-1

17. Lorenzo M, Bentancour F, Garrido D, Guidali C, Prado Ana-Inés, Evans N, et al.
Sub-Analysis of Patients with COVID-19 in Chronic Myeloid Leukemia on TKI
Treatment. In: Update from the International CML Foundation (iCMLf) CML and
COVID-19 Study[C] (2022). Available at: https://esh.confex.com/esh/cml24/late/
papers/viewonly.cgi?password=598771&username=38380.

18. Tanaka A, Nishikawa H, Noguchi S, Sugiyama D, Morikawa H, Takeuchi Y, et al.
Tyrosine kinase inhibitor imatinib augments tumor immunity by depleting effector
regulatory T cells. J Exp Med (2020) 217(2):¢20191009. doi: 10.1084/jem.20191009

19. Sauflele S, Evans N, Nicolini FE, Chelysheva E, Réa D, Castagnetti F, et al. p701:
covid-19 in patients with chronic myeloid leukemia in treatment-free remission:disease
severity and impact on tfr status. HemaSphere (2022) 6:596-7. doi: 10.1097/
01.HS9.0000845688.87868.5¢

20. Récoché I, Rousseau V, Bourrel R, Lapeyre-Mestre M, Chebane L, Despas F,
et al. Drug-drug interactions with imatinib: An observational study. Med (Baltimore).
(2016) 95(40):€5076. doi: 10.1097/MD.0000000000005076

21. US Food and Drug Administration. July-September 2016 report: potential signals of
serious risks/new safety information identified by the FDA Adverse Event Reporting System
(FAERS) (2020). Available at: https://www.fda.gov/drugs/questions-and-answers-fdas-
adverse-event-reporting-system-faers/july-september-2016-report-potential-signals-
serious-risksnew-safety-information-identified-fda (Accessed February 8, 2021).

22. Uhm J, Klm SH, Oh S, Zang DY, Do RY, Lee WS, et al. High incidence of
hepatitis B viral reactivation in chronic myeloid leukemia patients treated with tyrosine
kinase inhibitors. Blood (2018) 132:3010. doi: 10.1182/blood-2018-99-117543

Frontiers in Oncology

10.3389/fonc.2023.1217023

23. Kim SH, Kim HJ, Kwak JY, Kim JS, Mun YC, Park JS, et al. Hepatitis B virus
reactivation in chronic myeloid leukemia treated with various tyrosine kinase
inhibitors: multicenter,retrospective study. Blood (2012) 120(21):3738. doi: 10.1182/
blood.V120.21.3738.3738

24. Wang YH, Liang JD, Sheng WH, Tien FM, Chen CY, Tien HF. Hepatitis B
reactivation during treatment of tyrosine kinase inhibitors-Experience in 142 adult
patients with chronic myeloid leukemia. Leuk Res (2019) 81:95-7. doi: 10.1016/
j.leukres.2019.05.001

25. Sora F, Ponziani FR, Laurenti L, Chiusolo P, Autore F, Gasbarrini A, et al. Low
risk of hepatitis B virus reactivation in patients with resolved infection and chronic
myeloid leukemia treated with tyrosine kinase inhibitors. Leuk Lymphoma. (2017) 58
(4):993-5. doi: 10.1080/10428194.2016.1219906

26. Lai GM, Yan SL, Chang CS, Tsai CY. Hepatitis B reactivation in chronic myeloid
leukemia patients receiving tyrosine kinase inhibitor. World ] Gastroenterol (2013) 19
(8):1318-21. doi: 10.3748/wjg.v19.i8.1318

27. Ando T, Kojima K, Isoda H, Eguchi Y, Honda T, Ishigami M, et al. Reactivation
of resolved infection with the hepatitis B virus immune escape mutant G145R during
dasatinib treatment for chronic myeloid leukemia. Int ] Hematol (2015) 102(3):379-82.
doi: 10.1007/s12185-015-1788-y

28. Rajala HLM, Missiry ME, Ruusila A, Koskenvesa P, Brimmendorf TH, Gjertsen
BT, et al. Tyrosine kinase inhibitor therapy-induced changes in humoral immunity in
patients with chronic myeloid leukemia. J Cancer Res Clin Oncol (2017) 143(8):1543—
54. doi: 10.1007/s00432-017-2378-6

29. Lee HW, Lee JS, Ahn SH. Hepatitis B virus cure: targets and future therapies. Int
J Mol Sci (2020) 22(1):213. doi: 10.3390/ijms22010213

30. Ikeda K, Shiga Y, Takahashi A, Kai T, Kimura H, Takeyama K, et al. Fatal hepatitis
B virus reactivation in a chronic myeloid leukemia patient during imatinib mesylate
treatment. Leuk Lymphoma. (2006) 47(1):155-7. doi: 10.1080/14639230500236818

31. Mohty M, Jourdan E, Mami NB, Vey N, Damaj G, Blaise D, et al. Imatinib and
plasmacytoid dendritic cell function in patients with chronic myeloid leukemia. Blood
(2004) 103(12):4666-8. doi: 10.1182/blood-2003-09-3220

32. Chinese Society of Hepatology, Chinese Medical Association and Chinese
Society of Infectious Diseases, Chinese Medical Association. Guidelines for the
prevention and treatment of chronic hepatitis B (version 2022). Zhonghua Gan Zang
Bing Za Zhi (2022) 30(12):1309-31. doi: 10.3760/cma.j.cn501113-20221204-00607

33. Lau G, Yu ML, Wong G, Thompson A, Ghazinian H, Hou JL, et al. APASL
clinical practice guideline on hepatitis B reactivation related to the use of
immunosuppressive therapy. Hepatol Int (2021) 15(5):1031-48. doi: 10.1007/s12072-
021-10239-x

34. Terrault NA, Lok ASF, McMahon BJ, Chang KM, Hwang JP, Jonas MM, et al.
Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018
hepatitis B guidance. Hepatology (2018) 67(4):1560-99. doi: 10.1002/hep.29800

35. Reddy KR, Beavers KL, Hammond SP, Lim JK, Falck-Ytter YTAmerican
Gastroenterological Association Institute. American Gastroenterological Association
Institute guideline on the prevention and treatment of hepatitis B virus reactivation
during immunosuppressive drug therapy. Gastroenterology (2015) 148(1):215-9.
doi: 10.1053/j.gastro.2014.10.039

36. European Association for the Study of the Liver. Electronic address: easloffice@
easloffice.eu; European Association for the Study of the Liver. EASL 2017 Clinical
Practice Guidelines on the management of hepatitis B virus infection. ] Hepatol (2017)
67(2):370-98. doi: 10.1016/j.jhep.2017.03.021

37. Chinese Society of Infectious Diseases, Chinese Medical Association, Chinese
Society of Hepatology and Chinese Medical Association. The guidelines of prevention
and treatment for chronic hepatitis B (2019 version). Zhonghua Gan Zang Bing Za Zhi
(2019) 27(12):938-61. doi: 10.3760/cma.j.issn.1007-3418.2019.12.007

38. Chinese Foundation for Hepatitis Prevention and Control, Chinese Society of
Infectious Disease and Chinese Society of Hepatology, Chinese Medical Association and
Liver Disease Committee of Chinese Research Hospital Association. Consensus on clinical
application of transient elastography detecting liver fibrosis: a 2018 update. Zhonghua Gan
Zang Bing Za Zhi (2019) 27(3):182-91. doi: 10.3760/cma.j.issn.1007-3418.2019.03.004

39. Huang H, Li X, ZhuJ, Ye S, Zhang H, Wang W, et al. Entecavir vs lamivudine for
prevention of hepatitis B virus reactivation among patients with untreated diffuse large
B-cell lymphoma receiving R-CHOP chemotherapy: a randomized clinical trial. JAMA
(2014) 312(23):2521-30. doi: 10.1001/jama.2014.15704

40. Zhang MY, Zhu GQ, Shi KQ, Zheng JN, Cheng Z, Zou ZL, et al. Systematic
review with network meta-analysis: Comparative efficacy of oral nucleos(t)ide
analogues for the prevention of chemotherapy-induced hepatitis B virus reactivation.
Oncotarget (2016) 7(21):30642-58. doi: 10.18632/oncotarget.8907

41. Paul S, Dickstein A, Saxena A, Terrin N, Viveiros K, Balk EM, et al. Role of surface
antibody in hepatitis B reactivation in patients with resolved infection and hematologic
malignancy: A meta-analysis. Hepatology (2017) 66(2):379-88. doi: 10.1002/hep.29082

42. Takahata M, Hashino S, Onozawa M, Shigematsu A, Sugita J, Fujimoto K, et al.
Hepatitis B virus (HBV) reverse seroconversion (RS) can be prevented even in non-
responders to hepatitis B vaccine after allogeneic stem cell transplantation: long-term
analysis of intervention in RS with vaccine for patients with previous HBV infection.
Transpl Infect Dis (2014) 16(5):797-801. doi: 10.1111/tid.12283

frontiersin.org


https://doi.org/10.1038/nrd.2015.37
https://doi.org/10.1097/MD.0000000000029660
https://doi.org/10.1097/MD.0000000000029660
https://doi.org/10.3389/fphar.2019.01232
https://doi.org/10.1016/S0140-6736(07)61165-9
https://doi.org/10.3760/cma.j.issn.0253-2727.2013.05.021
https://doi.org/10.1038/s41375-020-0853-6
https://doi.org/10.1038/s41375-020-0964-0
https://doi.org/10.1111/bjh.17890
https://doi.org/10.1007/s11684-022-0981-7
https://doi.org/10.1007/s00432-023-04995-6
https://doi.org/10.3760/cma.j.issn.0253-2727.2022.05.002
https://doi.org/10.1002/cam4.4179
https://doi.org/10.1111/bjh.18001
https://doi.org/10.1097/CM9.0000000000001899
https://doi.org/10.16505/j.2095-0136.2021.0018
https://doi.org/10.1038/s41375-022-01578-1
https://esh.confex.com/esh/cml24/late/papers/viewonly.cgi?password=598771&username=38380
https://esh.confex.com/esh/cml24/late/papers/viewonly.cgi?password=598771&username=38380
https://doi.org/10.1084/jem.20191009
https://doi.org/10.1097/01.HS9.0000845688.87868.5c
https://doi.org/10.1097/01.HS9.0000845688.87868.5c
https://doi.org/10.1097/MD.0000000000005076
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/july-september-2016-report-potential-signals-serious-risksnew-safety-information-identified-fda
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/july-september-2016-report-potential-signals-serious-risksnew-safety-information-identified-fda
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/july-september-2016-report-potential-signals-serious-risksnew-safety-information-identified-fda
https://doi.org/10.1182/blood-2018-99-117543
https://doi.org/10.1182/blood.V120.21.3738.3738
https://doi.org/10.1182/blood.V120.21.3738.3738
https://doi.org/10.1016/j.leukres.2019.05.001
https://doi.org/10.1016/j.leukres.2019.05.001
https://doi.org/10.1080/10428194.2016.1219906
https://doi.org/10.3748/wjg.v19.i8.1318
https://doi.org/10.1007/s12185-015-1788-y
https://doi.org/10.1007/s00432-017-2378-6
https://doi.org/10.3390/ijms22010213
https://doi.org/10.1080/14639230500236818
https://doi.org/10.1182/blood-2003-09-3220
https://doi.org/10.3760/cma.j.cn501113-20221204-00607
https://doi.org/10.1007/s12072-021-10239-x
https://doi.org/10.1007/s12072-021-10239-x
https://doi.org/10.1002/hep.29800
https://doi.org/10.1053/j.gastro.2014.10.039
https://doi.org/10.1016/j.jhep.2017.03.021
https://doi.org/10.3760/cma.j.issn.1007-3418.2019.12.007
https://doi.org/10.3760/cma.j.issn.1007-3418.2019.03.004
https://doi.org/10.1001/jama.2014.15704
https://doi.org/10.18632/oncotarget.8907
https://doi.org/10.1002/hep.29082
https://doi.org/10.1111/tid.12283
https://doi.org/10.3389/fonc.2023.1217023
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Management of chronic myelogenous leukemia with COVID-19 and hepatitis B
	1 CML complicated with COVID-19
	1.1 Morbidity and mortality of CML with COVID-19
	1.2 Management of CML patients with COVID-19
	1.2.1 Can CML patients be vaccinated against COVID-19?
	1.2.2 Which CML patients are not eligible for the COVID-19 vaccine?
	1.2.3 Should TKIs be discontinued in CML patients with COVID-19?
	1.2.4 Does SARS-CoV-2 infection cause molecular relapse in patients with TFR?
	1.2.5 The prescription principle in CML patients with COVID-19


	2 CML complicated with hepatitis B virus infection
	2.1 The reactivation rate of HBV in CML patients
	2.2 The pathogenesis of HBVr in CML
	2.3 Management of CML patients with HBVr
	2.3.1 Risk assessment
	2.3.2 Which indicators need to be screened?
	2.3.3 Indications for antiviral therapy
	2.3.4 How is liver fibrosis evaluated?
	2.3.5 When should the antiviral drugs be discontinued?
	2.3.6 Content and frequency of monitoring after discontinuation of antiviral drugs.
	2.3.7 The choice of antiviral drugs
	2.3.8 Application of hepatitis B vaccine


	3 Summary and prospect
	Author contributions
	References


