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A Commentary on

Hepatitis B virus infection: an insight into the clinical connection and
molecular interaction between hepatitis B virus and host extrahepatic
cancer risk

by Min Y, Wei X, Xia X, Wei Z, Li R, Jin J, Liu Z, Hu X and Peng X (2023) Front. Immunol.
14:1141956. doi: 10.3389/fimmu.2023.1141956
1 Introduction

In a recently published paper, Min et al. (1) reviewed available data on the relationship

of hepatitis B virus (HBV) infection and non-liver cancer risk. We agree with the authors

that the role of HBV in extrahepatic malignancies is underestimated and would like to

address some details that were not directly mentioned in the paper.
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2 Variability of hepatitis B
virus-related malignancy risk
values and possible reasons

Even within one type of cancer, there is a large heterogeneity of

risks associated with HBV infection. For example, in pancreatic

cancer, they range from 0.89 to 4.0 (2, 3). This may be caused by the

methodology used in the studies. In most of them, the control group

included subjects with a negative blood test on hepatitis B surface

antigen (HBsAg). Such an approach could result in the enrollment

of patients with previous exposure to HBV infection to the “HBV-

free” group and make the analyzed risks lower. This is especially

important, as the majority of data were received from populations

with a high prevalence of HBV infection, where chances to obtain

false-negative results (type II error) were greater. Of note, when

previous HBV infection was taken into account, the authors

revealed 2–4 times greater odds of HBV-related malignancies (3, 4).

HBV infection is a dynamic process that has several phases. During

the final (V) phase, HBsAg is cleared out of the blood (HBsAg-negative

phase) and the infection may remain further in the following forms: as

a low-level viral replication (“occult HBV infection”) and/or an

integration of the viral DNA to the host genome (5, 6).

We agree with the authors of the review that the integration of

the HBV DNA and the production of the HBx protein are the main

factors that provoke an intrahepatic immune imbalance and that

they are the key factors of liver carcinogenesis. Integration of the

virus in specific regions of the host’s genome may lead to the

initiation of insertional mutagenesis, induction of chromosomal

instability of key genes, and the generation of a permanent source of

viral proteins (especially HBx), that can induce cancer development

(5, 7). These pathogenetic mechanisms seem to be universal and

actual not only for liver cancer but also for non-liver HBV-

associated malignancy. However, a major factor that plays a

crucial role in the development of any HBV-associated tumor is

time, as cancer usually develops several decades after integration of

the virus, and this process probably depends on the duration of

exposure to the products of the expression of viral genes (8).
3 Discussion

Based on the abovementioned analysis, we would like to

summarize the unmet needs and the overview of possible solutions.

First of all, the growing evidence of the involvement of HBV

infection to non-liver outcomes (triggering the autoimmune

disorders and causing non-liver cancer risks) requires broader

awareness by all groups of medical specialists (9).

Second, for better understanding of the role of HBV infection in

the development of non-liver malignancies, we need more well-

planned studies that compare not only HBsAg-positive and HBsAg-

negative groups of subjects but also those with previous exposure to

HBV infection (anti-HBc-positive) and without it (anti-HBc-negative).

Up to this moment, only a few studies have provided direct

molecular and genetic evidence on the involvement of HBV
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infection in non-liver cancer development (4, 10, 11). For

example, in pancreatic cancer, our data revealed HBx protein

expression in the pancreatic tumor tissue in four out of five

HBsAg-negative and anti-HBc-positive patients with pancreatic

ductal adenocarcinoma (4). In three of them, the replicative

competence of HBV was confirmed by the detection of covalently

closed circular DNA (cccDNA). In one patient, the expression of

HBx was caused only by the integration of the HBV into the

genome of pancreatic cells. These fragments of viral DNA, which

preserve the open reading frame and express HBx, may serve as a

basis for carcinogenesis.

Moreover, the authors of the review mentioned the need for

targeted screening for established HBV-related cancers in

populations of subjects with chronic HBV infection (1). This

approach might be promising, but it does not involve subjects

with previous HBV infection who have even greater risks of cancer

development. We suppose that as a first step, wider anti-HBc

screening programs, at least in regions with a high prevalence of

HBV infection, may help detect greater numbers of patients who

need further surveillance programs.

Finally, the development of novel treatment options for HBV

infection that can result to a sterilizing cure instead of a functional

cure is urgently needed to minimize the risks of HBV-

related malignancies.
Author contributions

All authors listed have made a substantial, direct, and intellectual

contribution to the work and approved it for publication.
Funding

This paper was partially supported by the Ministry of Science

and Higher Education of Russia (grant # FGMF-2022-0005) and

Department of Healthcare of Moscow (grant #123040700014-4).
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/fimmu.2023.1200405
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Morozov and Batskikh 10.3389/fimmu.2023.1200405
References
1. Min Y, Wei X, Xia X, Wei Z, Li R, Jin J, et al. Hepatitis B virus infection: an insight into
the clinical connection and molecular interaction between hepatitis B virus and host
extrahepatic cancer risk. Front Immunol (2023) 14:1141956. doi: 10.3389/fimmu.2023.1141956

2. Chang MC, Chen CH, Liang JD, Tien YW, Hsu C, Wong JM, et al. Hepatitis B
and c viruses are not risks for pancreatic adenocarcinoma.World J Gastroenterol (2014)
20(17):5060–5. doi: 10.3748/wjg.v20.i17.5060

3. Hassan MM, Li D, El-Deeb AS, Wolff RA, Bondy ML, Davila M, et al. Association
between hepatitis B virus and pancreatic cancer. J Clin Oncol (2008) 26(28):4557–62.
doi: 10.1200/JCO.2008.17.3526

4. Batskikh S, Morozov S, Dorofeev A, Borunova Z, Kostyushev D, Brezgin S, et al.
Previous hepatitis B viral infection-an underestimated cause of pancreatic cancer.
World J Gastroenterol (2022) 28(33):4812–22. doi: 10.3748/wjg.v28.i33.4812

5. Budzinska MA, Shackel NA, Urban S, Tu T. Cellular genomic sites of hepatitis B
virus DNA integration. Genes (Basel) (2018) 9(7):365. doi: 10.3390/genes9070365

6. Raimondo G, Locarnini S, Pollicino T, Levrero M, Zoulim F, Lok AS, et al. Update
of the statements on biology and clinical impact of occult hepatitis B virus infection. J
Hepatol (2019) 71(2):397–408. doi: 10.1016/j.jhep.2019.03.034
Frontiers in Immunology 03
7. Tu T, Budzinska M, Shackel N, Urban S. HBV DNA integration: molecular
mechanisms and clinical implications. Viruses (2017) 9(4):75. doi: 10.3390/
v9040075

8. zur Hausen H, de Villiers EM. Cancer “Causation” by infections–individual
contributions and synergistic networks. Semin Oncol (2014) 41(6):860–75.
doi: 10.1053/j.seminoncol.2014.10.003

9. Batskikh S, Morozov S, Vinnitskaya E, Sbikina E, Borunova Z, Dorofeev A, et al.
May previous hepatitis B virus infection be involved in etiology and pathogenesis of
autoimmune liver diseases? Adv Ther (2022) 39(1):430–40. doi: 10.1007/s12325-021-
01983-5

10. Song C, Lv J, Liu Y, Chen JG, Ge Z, Zhu J, et al. Associations between hepatitis B
virus infection and risk of all cancer types. JAMA Netw Open (2019) 2:e195718.
doi: 10.1001/jamanetworkopen.2019.5718

11. Chen Y, Bai X, Zhang Q, Wen L, Su W, Fu Q, et al. The hepatitis b virus X
protein promotes pancreatic cancer through modulation of the PI3K/AKT
signaling pathway. Cancer Lett (2016) 380:98–105. doi: 10.1016/j.canlet.
2016.06.011
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1141956
https://doi.org/10.3748/wjg.v20.i17.5060
https://doi.org/10.1200/JCO.2008.17.3526
https://doi.org/10.3748/wjg.v28.i33.4812
https://doi.org/10.3390/genes9070365
https://doi.org/10.1016/j.jhep.2019.03.034
https://doi.org/10.3390/v9040075
https://doi.org/10.3390/v9040075
https://doi.org/10.1053/j.seminoncol.2014.10.003
https://doi.org/10.1007/s12325-021-01983-5
https://doi.org/10.1007/s12325-021-01983-5
https://doi.org/10.1001/jamanetworkopen.2019.5718
https://doi.org/10.1016/j.canlet.2016.06.011
https://doi.org/10.1016/j.canlet.2016.06.011
https://doi.org/10.3389/fimmu.2023.1200405
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Commentary: Hepatitis B virus infection: an insight into the clinical connection and molecular interaction between hepatitis B virus and host extrahepatic cancer risk
	1 Introduction
	2 Variability of hepatitis B virus-related malignancy risk values and possible reasons
	3 Discussion
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


