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We are in the pandemic’s second year, and vaccines against COVID-19 have started rolling out in early December
2020. To date, two mRNA-based vaccines were granted for an emergency use authorization by the US FDA [11.
It is a relatively new vaccine development technology and these vaccines are considered to have some advantages,
such as rapid development process, lower costs and more potent effects (e.g., increased immunogenicity), compared
with conventional inactive vaccines [2]. Nucleic acid vaccines, including plasmid DNA or mRNA, induce pro-
inflammatory responses. The pro-inflammatory potential of mRNA, which is more prominent than DNA, provides
a self-adjuvant activity and makes mRNA a popular vaccine candidate against viral infections. However, vigorous
pro-inflammatory activity of mRNA per se results in both local and systemic inflammation, including autoimmune
responses, particularly when administered in lipid nanoparticles (3.

mRNA-based vaccines are not solely designed against viral infections. There have been ongoing studies to
develop mRNA-based vaccines against certain types of cancer, in particular over the past 5 years. Up to now,
there was no mRNA-based vaccine approved by the FDA, in turn, we do not have any safety information about
the utilization of these vaccines in cancer patients. However, being inactivated is one of the main advantages of
mRNA vaccines in immunocompromised patients. We have sufficient experience for the use of inactivated vaccines
in cancer patients treated with chemotherapeutics. Fortunately, there were no safety concerns regarding the use
of conventional inactivated vaccines in these patients [4]. In parallel, recent studies demonstrated no increase in
incidence or severity of immune-related adverse events (irAEs) for the vaccination of cancer patients receiving
immune checkpoint inhibitors (ICIs) with inactivated vaccines [5,6].

Autoimmunity is considered as a safety concern of mRNA-based vaccines due to the Toll-like receptor 7-mediated
activation of type I interferon response [21. Not surprisingly, a growing body of literature has raised the hypothesis
of an increased risk of autoimmune diseases following COVID-19, particularly in susceptible patients [7]. In the
Phase III trial of the BNT162b2 mRNA COVID-19 vaccine, 3.9% of all patients in the vaccine arm had a
malignancy. However, there was no information as to whether patients treated with immunotherapy were included
in this trial [8]. Moderna’s product named mRNA-1273 COVID-19 vaccine has shown to be protective against
severe COVID-19 infection and to reduce hospitalization, in turn, was recently approved for emergency use by the
FDA [1]. Similar to Pfizer’s vaccine, we do not have detailed information about the characteristics of the participants
and whether they received any ICls during or prior to the clinical trial. Immunotherapy and ICIs play an important
role in the battle against cancer. Following the emergency use authorization of COVID-19 vaccines, cancer patients
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will be vaccinated promptly due to the higher mortality rates of COVID-19 in this patient population 9,10). In
this case, a safety concern is arising as to whether the risk for irAEs in cancer patients receiving ICls and vaccinated
with an mRNA-based COVID-19 vaccine is increased. To date, this notion is yet to be determined. Therefore,
vaccination of cancer patients under ICI therapy should be rigorously interrogated by healthcare providers and
policy makers prior to starting of mass vaccination. In a study including malign melanoma patients, a combination
of mRNA-based vaccine against melanoma named FixVac and anti-programmed death 1 (anti-PD-1) inhibitor
demonstrated an effective response without any serious irAEs. The main adverse events in this study were flu-like
symptoms which were resolved within 24 h [11]. Close monitoring of cancer patients treated with ICIs during and
prior to the vaccination is the easiest way to get information about whether there is an increased risk for irAEs in
those patients. For instance, pneumonitis is one of the most common adverse events observed in patients under ICI
therapy. Given the profound activation of innate and adaptive immunity upon mRNA vaccines, there might be a
possibility of antibody dependent enhancement which causes pulmonary damage. Therefore, medical oncologists
should be well prepared for any unintended side effect in patients that have previously developed irAEs following
to ICI therapy. Besides, scheduling of vaccination of this patient population should be optimized by prospective
studies. Data from cancer patients receiving ICls and vaccinated with Pfizer BNT162b2 mRNA vaccine has been
published recently [12]. According to this data, no increased risk of irAEs was observed after vaccination in cancer
patients treated with ICIs. However, this result came from a relatively short-term observational study. Of note,
muscle pain was more commonly observed in patients treated with ICls than the healthy control group. Except
muscle pain, no additional safety concern was recorded in patients treated with IClIs [12]. Indeed, these findings may
encourage physicians and scientists to perform mRNA-based COVID-19 vaccines without concerns. Nevertheless,
we need long-term data from the large patient cohorts.

On the other hand, these two vaccines encode different viral proteins in the antigen-presenting cells. Phizer’s
vaccine encodes full-length spike proteins consisting of both S1 including receptor binding domain and S2 domains.
In contrast, Moderna’s vaccine encodes solely S2 domain of spike protein which mediates membrane fusion but
not receptor binding of the virus (8,13]. Given the functional and structural differences, neutralizing antibody titers
in rabbits immunized with S2 subunit were much lower than rabbits immunized with either S1 subunit or receptor
binding domain. Yet another explanation of this difference is the limited accessible site of S2 domain due to
substantial N-glycan shielding [14]. At this point, a new question arises as to whether this difference may affect the
severity of irAEs of ICls in cancer patients. We are awaiting the results regarding the severity of irAEs of cancer
patients receiving ICIs from the vaccine arm of Phase III trials, if applicable. Beyond that we should be vigilant
when vaccinating cancer patients receiving ICIs and should collect the data regarding the aforementioned adverse
effects.

Future perspective

In the second year of the pandemic, the rates of vaccination with the COVID-19 vaccines are increasing at an
incredible pace across the world. Cancer patients take place in the susceptible group to the COVID-19. In this
regard, they have a priority for COVID-19 vaccination in many countries. However, they are treated with different
anticancer therapies such as chemotherapy, radiotherapy, targeted therapies and ICIs. We do not have enough data
regarding the long-term effects of mRNA-based COVID-19 vaccines in cancer patients treated with ICIs. In the
near future, we hope to see the results of real-world studies regarding the long-term effect of mMRNA-based COVID-
19 vaccines on cancer patients treated with ICIs. One of the most common concerns about using mRNA-based
COVID-19 vaccines in patients treated with ICIs is irAEs. In parallel to the increased vaccination rates of cancer
patients, the real-world data will show the long-term safety of mRNA-based COVID-19 vaccines in cancer patients
treated with ICls.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial involvement with any organization or entity with a financial interest in or finan-
cial conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies, honoraria,
stock ownership or options, expert testimony, grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of this manuscript.

10.2217/fvI-2021-0166

Future Virol. (Epub ahead of print) future science group



mRNA-based COVID-19 vaccines appear not to increase immune events in cancer patients receiving ICls

References

1. U.S Food and Drug Administration. COVID-19 vaccines (2021).
https://www.fda.gov/emergency-preparedness-and- response/coronavirus-disease-2019-covid- 19/covid- 19-vaccines#news

2. Pardi N, Hogan M]J, Porter FW, Weissman D. mRNA vaccines — a new era in vaccinology. Nat. Rev. Drug Discov. 17(4), 261-279
(2018).

3. Alberer M, Gnad-Vogt U, Hong HS ez 4/. Safety and immunogenicity of a mRNA rabies vaccine in healthy adults: an open-label,
non-randomised, prospective, first-in-human Phase I clinical trial. Zancer 390(10101), 1511-1520 (2017).

4. Vollaard A, Schreuder I, Slok-Raijmakers L, Opstelten W, Rimmelzwaan G, Gelderblom H. Influenza vaccination in adult patients with
solid tumours treated with chemotherapy. Eur. /. Cancer 76, 134-143 (2017).

5. Bayle A, Khettab M, Lucibello F e 2. Immunogenicity and safety of influenza vaccination in cancer patients receiving checkpoint
inhibitors targeting PD-1 or PD-L1. Ann. Oncol. 31(7), 959-961 (2020).

6. Chong CR, Park V], Cohen B, Postow MA, Wolchok JD, Kamboj M. Safety of inactivated influenza vaccine in cancer patients receiving
immune checkpoint inhibitors. Clin. Infect. Dis. 70(2), 193-199 (2020).

7. Canas CA. The triggering of post-COVID-19 autoimmunity phenomena could be associated with both transient immunosuppression
and an inappropriate form of immune reconstitution in susceptible individuals. Med. Hypotheses 145, 110345 (2020).

8. Polack FP, Thomas SJ, Kitchin N ez 4/. Safety and efficacy of the BNT162b2 mRNA COVID-19 vaccine. V. Engl. ]. Med. 384,
1576-1578 (2020).

9.  Fillmore NR, La J, Szalat RE ¢ a/. Prevalence and outcome of COVID-19 infection in cancer patients: a national Veterans Affairs study.
J. Natl Cancer Inst. 113(6), 691-698 (2020).

10. Zhang H, Han H, He T ¢z al. Clinical characteristics and outcomes of COVID-19-infected cancer patients: a systematic review and
meta-analysis. /. Natl Cancer Inst. 113(4), 371-380 (2020).

11.  Sahin U, Ochm P, Derhovanessian E ez a/. An RNA vaccine drives immunity in checkpoint-inhibitor-treated melanoma.
Nature 585(7823), 107-112 (2020).

12. Waissengrin B, Agbarya A, Safadi E, Padova H, Wolf I. Short-term safety of the BNT162b2 mRNA COVID-19 vaccine in patients with
cancer treated with immune checkpoint inhibitors. Lancet Oncol. 22(5), 581-583 (2021).

13. Jackson LA, Anderson EJ, Rouphael NG ¢ a/. An mRNA vaccine against SARS-CoV-2 — preliminary report. N. Engl. J. Med. 383(20),
1920-1931 (2020).

14. Dai L, Gao GF. Viral targets for vaccines against COVID-19. Nat. Rev. Immunol. 21(2), 73-82 (2021).

Editorial

future science group

10.2217/fv1-2021-0166


https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/covid-19-vaccines#news


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /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

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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


