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Letters to Blood
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Multiple myeloma (MM) is considered a high-priority condition
for vaccination against severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2).1 The immune response to the vaccine is
uncertain.2 Because high titers of neutralizing antibodies (nAbs)
are necessary to inhibit the delta variant of the virus,3 patients
with impaired immune response may be at risk of breakthrough
infection. We prospectively investigated the humoral and cellular
immunologic response to anti–SARS-CoV-2 messenger RNA
(mRNA) vaccine (Pfizer-BioNTech BNT162b2) in patients with
MM who were receiving therapy or in whom treatment was dis-
continued within 12 months (from January 2021) at a single ter-
tiary care institution in Paris.

Among 72 consecutive patients with MM, 11 had a history of
previous SARS-CoV-2 infection. At the time of vaccination, 48
patients were being treated with an anti-CD38 immunother-
apy-based regimen (anti-CD38 group), and 24 patients were
not being treated (non–anti-CD38 group) (Figure 1A). These 2
groups were well-balanced for variables that included age,
sex, International Staging System score, high-risk cytogenet-
ics, disease duration, a history of autologous hematopoietic
stem cell transplantation, and concurrent therapy with immu-
nomodulatory imide drugs and/or proteasome inhibitors.
However, patients receiving anti-CD38 therapy had more
treatment lines, were more frequently remote from autolo-
gous hematopoietic stem cell transplantation, and had lower
gammaglobulin levels compared with non–anti-CD38 patients
(supplemental Table 1). Serum samples were collected the
day before vaccination (T0), before the second dose (M1),
and 1 to 2 months after completion of vaccination (M3) (see
supplemental Methods). An informed signed consent was
obtained from each patient in agreement with the Declaration
of Helsinki. We measured the production of anti-spike (S)
immunoglobulin G (IgG) and IgA and nAbs against alpha

(B.1.1.7) and delta (B.1.617.2) variants using S-Flow and
S-Fuse neutralization assays, respectively.4,5 Moreover, we
quantified the proportion of SARS-CoV-2–specific interferon-g
(IFN-g)–producing T cells ex vivo among patient samples by
using EliSpot after stimulation with S1 and S2 antigens at M3.
Results obtained from samples from patients with MM were
compared with those obtained from 23 healthy volunteers
(control group; median age, 53 years; range, 25-73 years).

First, we focused our analysis on patients with MM who had no
history of SARS-CoV-2 infection (n 5 60) and observed that only
44% and 85% of them achieved IgG seroconversion at M1 and
M3, respectively, compared with 100% among the control
group (supplemental Figure 1A). Moreover, IgG and IgA titers
were significantly lower at M1 in patients with MM and
remained lower for IgA at M3 compared with titers in the control
group (Figure 1B). Next, we observed lower IgG but similar IgA
titers in patients with MM who received anti-CD38 treatment
compared with those who received alternative treatments (Fig-
ure 1C; supplemental Figure 1B). To assess protection against
SARS-CoV-2, we measured the production of nAbs against
alpha and delta variants. nAb response was significantly higher
against the alpha variant, but we observed a strong correlation
between alpha and delta response across patients with MM
(supplemental Figure 1C-D). Although all participants in the con-
trol group developed nAbs against both variants after vaccina-
tion, only 51% and 41% of patients with MM developed nAbs
against alpha and delta variants, respectively, and alpha and
delta nAb titers were significantly lower in patients with MM
compared with those in controls (Figure 1D). Among patients
with MM, anti-CD38 therapy further reduced nAb production
against the alpha variant, with a near-significant trend for the
delta variant (Figure 1E). In patients with MM, we observed a low
correlation between anti-S IgG or IgA and anti-alpha or -delta
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nAb production, chiefly because patients developed IgG or
IgA but not nAbs (supplemental Figure 1E).

We investigated the humoral response on day 21 in 16 patients
with MM who were in the anti-CD38 group and who received a
third dose of BNT162b2 at least 21 days after the second dose
(booster protocol). We observed an improvement in the S
response in half the patients who had achieved seroconversion
to the second dose (Bethesda units [BU] .0.6) and a significant
increase in IgG titers in patients with suboptimal response (BU
,0.6) (supplemental Figure 2A). However, no significant
improvement of alpha or delta nAb response was observed
even if increased nAbs were observed in some patients (supple-
mental Figure 2B).

Finally, we observed that an absence of neutralizing response
against alpha and delta variants after the second dose was
significantly associated with progressive disease, number of
treatment lines, and lower gammaglobulin levels, and that anti-
CD38 therapy was associated with failure to generate nAbs (sup-
plemental Table 2). However, none of these variables retained
statistical significance after multivariable analysis, possibly
because of the limited number of patients included in the study
or the interactions between variables. Because patients with MM
who were treated or not treated with anti-CD38 received immu-
nomodulatory imide drugs or proteasome inhibitors in similar
proportions, our results suggest that impaired immune response
to SARS-CoV-2 vaccine is favored by targeting nonmalignant B
cells, as reported in patients receiving anti-CD20 antibodies.6-8
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Figure 2. Impact of SARS-CoV-2 infection on immunologic response to BNT162b2 in patients with MM. (A-C) Patients with MM with a history of infection with
SARS-CoV-2 (more than 3 months before vaccination) who developed their infection at any time after vaccination or who had never had SARS-CoV-2 infection.
(A) S-Flow IgG quantification (history of SARS-CoV-2 infection, n 5 11; post-vaccine SARS-CoV-2, n 5 4; other, n 5 56). (B) Alpha (left) or delta (right) nAb quantification
(history of SARS-CoV-2 infection, n 5 11; post-vaccine SARS-CoV-2, n 5 4; other, n 5 56). (C) S1 (left) or S2 (right) IFN-g EliSpot (SARS-CoV-2 history, n 5 5; other,
n 5 21). Error bars represent standard error. *P , .05; ***P , .001; ****P , .0001. ns, not significant.

Figure 1. Impaired humoral and cellular response to BNT162b2 in patients with MM. (A) Flowchart of the study. BNT162b2 anti–SARS-CoV-2 vaccine was used in
this study; 2 doses were administrated 4 weeks apart. In all, 16 patients (from the anti-CD38 group) received a third booster vaccine dose. The anti-CD38 group is
defined as patients who were treated with anti-CD38 immunotherapy. The convalescent group is defined as patients with a history of SARS-CoV-2 infection who were
given the vaccine. T0 is the time before vaccine, M1 is 1 month after the first vaccine dose, and M3 is 3 months after the first vaccine dose. (B-C) SARS-CoV-2–specific
IgG and IgA production quantified by S-Flow in 60 patients with MM who had never been infected with SARS-CoV-2 and 23 healthy volunteers. (B) IgG (left panel) and
IgA (right panel) quantification in controls or patients with MM before vaccination (T0) and at M1 and M3. (C) Comparison of IgG amounts in patients with MM who
were treated or not treated with anti-CD38 immunotherapy. (D-E) Quantification of anti-SARS-CoV-2 nAbs against alpha or delta variants in controls (n 5 23) or patients
with MM (n 5 60). (D) Comparison between controls and patients with MM. (E) Comparison between patients receiving or not receiving anti-CD38 immunotherapy.
(F) Quantification of cellular immune response by S1 or S2 EliSpot (in spot forming units, SFU, per 106 CD3 cells) in controls (n 5 21) or patients with MM (n 5 26).
Patients receiving anti-CD38 immunotherapies are indicated. Error bars represent standard error. *P , .05; **P , .01; ***P , .001; ****P , .0001. ns, not significant.
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We investigated anti–SARS-CoV-2 T-cell response after vaccina-
tion in 26 patients with MM from our cohort, including 24 who
received anti-CD38 therapy and 21 healthy volunteers 3 months
after the first dose of BNT162b2. The IFN-g production by T
cells after stimulation with S1 or S2 antigens ex vivo was signifi-
cantly lower in patients with MM compared with that in healthy
controls who had never been infected by SARS-CoV-2 (Figure
1F). Among 26 patients with MM tested for cellular response, 12
(46%) lacked nAbs and IFN-g production, 5 (19%) developed
both humoral and cellular response, and 9 (35%) showed het-
erogeneous results (supplemental Figure 3). Notably, all controls
had both nAbs and specific T-cell response after vaccination
with BNT162b2 (data not shown). These results show an
altered cellular response to anti–SARS-CoV-2 vaccine in patients
with MM.

Next, we studied the immune response to BNT162b2 that
depended on patients having a history of SARS-CoV-2 infection.
First, we observed higher anti-S IgG levels in patients with MM
who had a history of SARS-CoV-2 infection before (n 5 11) or
after (n 5 4) vaccination compared with other patients, with no
differences regarding the timing of infection or vaccination
(Figure 2A). Similarly, patients with MM who were infected with
SARS-CoV-2 had higher alpha- and delta-specific nAb levels and
T-cell IFN-g response compared with those who had not been
infected (Figure 2B-C).

Among our cohort of 60 patients with MM who had never been
infected with SARS-CoV-2, 4 developed an infection after 1
dose (n 5 2) or 2 doses (n 5 2) of BNT162b2, and all were
receiving anti-CD38 immunotherapy (Figure 1A). We retrospec-
tively recorded mortality related to SARS-CoV-2 from January
2020 to July 2021 in 39 public hospitals in Paris, France, using
the Informatics for Integrated Biology and the Bedside (i2b2)
platform. When comparing 2 epidemic peak periods (March to
July 2020 and March to July 2021), the number of deaths
related to SARS-CoV-2 infection remained stable or tended to
decrease in patients with MM who were or were not receiving
anti-CD38 immunotherapy, respectively, even though anti-CD38
prescription volume remained stable (supplemental Figure 4A-
B). Although several biases could have occurred in this
retrospective multisite analysis, these results along with our
observations in a small cohort suggest that impaired vaccine
response in patients receiving anti-CD38 could have clinical
implications that should be investigated prospectively.

In contrast to observations made among healthy populations,3,9

correlation between the commonly used S-Flow antibody titra-
tion technique and the detection of nAbs was weak in patients
with MM, suggesting a low predictive value of serology in terms
of protection. Moreover, emergence of SARS-CoV-2 variants
with lower response to vaccination, such as the delta variant is
particularly problematic for individuals with suboptimal vaccine
response.3,10 In agreement with recent reports, we observed
heterogeneous humoral response to vaccine in patients with
MM who had never been infected with SARS-CoV-2.11 Patients
with MM who were treated with anti-CD38 immunotherapy
remain at higher risk of SARS-CoV-2 infection after mRNA-
based vaccination compared with patients who receive alterna-
tive therapies.12 In contrast, patients with MM who became
infected with SARS-CoV-2 before or after vaccination had
homogeneous and robust immune response. Our preliminary

results on booster vaccination also suggest that immune
response to SARS-CoV-2 remains actionable in patients with
MM. Improvement of vaccine formulation such as adjuvant use
or heterologous vaccination procedure13 should be considered
in this frail population.
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In most patients with multiple myeloma, the neoplastic
plasma cells produce a monoclonal immunoglobulin, which
can be measured in the serum and urine and serves as a bio-
marker to aid diagnosis and assess response. However, 1%
to 3% of patients produce no detectable paraprotein and
are described as having nonsecretory multiple myeloma
(NSMM).1-5 A further 2% to 3% of patients have insufficient
levels of paraprotein production for reliable serological mon-
itoring of their treatment response5,6 and are described as
having nonmeasurable oligo-secretory multiple myeloma
(OSMM) (paraprotein ,10 g/L, Bence Jones protein ,200
mg/24 h, and involved serum free light chain [iFLC] ,100
mg/L4). The gold standard for monitoring patients with non-
measurable myeloma (NMM) is serial bone marrow biopsies4

but this is an invasive and often painful procedure. In real-
world practice, many patients with NMM are monitored with
serial imaging. However, there are limitations in availability
and repeated exposure to high doses of radiation with serial
positron emission tomography-computed tomography scans.
Patients with NMM are challenging to diagnose and monitor
and are frequently excluded from clinical trials, limiting their
access to novel agents.

Mass spectrometry (MS) methodologies are emerging as a new
and more sensitive way to monitor paraprotein levels in serum.7-
12 They have recently been approved by the International Mye-
loma Working Group for use in lieu of immunofixation13 and
have the advantage that they can quantitate low-level parapro-
teins.7 Preliminary studies have reported that the limit of detec-
tion for matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) MS is ,10 mg/L.14 In this study, we investigated
how many patients with NSMM have detectable paraprotein
production using MALDI-TOF MS and the suitability of MS for
monitoring patients with NMM.

MS analysis was performed on all available presentation and
follow-up samples from patients with NSMM (immunofixation
negative and iFLC ,100 mg/L) and OSMM from during induc-
tion and up to day1100 after autologous stem cell transplanta-
tion (ASCT) from patients treated in the Myeloma XI trial. The
baseline characteristics of these patients are listed in Table 1.
The methods for the MS analysis have been described previ-
ously.7,14,15 Paraprotein detection rates were compared with the
serum protein electrophoresis (SPE), immunofixation, and Free-
lite results.

946 blood® 10 FEBRUARY 2022 | VOLUME 139, NUMBER 6 LETTERS TO BLOOD

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/139/6/942/1869784/bloodbld2021013714.pdf by guest on 16 June 2022



<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck true
	/ColorImageMinResolution 300
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /FlateEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /Warning
	/AllowPSXObjects false
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages false
	/ColorSettingsFile (Color Management Off)
	/PassThroughJPEGImages true
	/AutoRotatePages /None
	/Optimize false
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /Warning
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues true
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1000
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth 8
	/OtherNamespaces [
		<<
			/IncludeSlug false
			/CropImagesToFrames true
			/IncludeNonPrinting false
			/OmitPlacedBitmaps false
			/AsReaderSpreads false
			/Namespace [
				(Adobe)
				(InDesign)
				(4.0)
			]
			/FlattenerIgnoreSpreadOverrides false
			/OmitPlacedEPS false
			/OmitPlacedPDF false
			/SimulateOverprint /Legacy
			/IncludeGuidesGrids false
			/ErrorControl /WarnAndContinue
		>>
		<<
			/IncludeProfiles false
			/AddBleedMarks false
			/IncludeLayers false
			/ConvertColors /ConvertToCMYK
			/FormElements false
			/FlattenerPreset <<
				/PresetSelector /MediumResolution
			>>
			/IncludeInteractive false
			/AddColorBars false
			/DestinationProfileSelector /DocumentCMYK
			/MultimediaHandling /UseObjectSettings
			/UseDocumentBleed false
			/AddCropMarks false
			/PreserveEditing true
			/PDFXOutputIntentProfileSelector /DocumentCMYK
			/DestinationProfileName ()
			/UntaggedRGBHandling /UseDocumentProfile
			/GenerateStructure false
			/AddRegMarks false
			/Namespace [
				(Adobe)
				(CreativeSuite)
				(2.0)
			]
			/Downsample16BitImages true
			/IncludeHyperlinks false
			/IncludeBookmarks false
			/AddPageInfo false
			/UntaggedCMYKHandling /LeaveUntagged
		>>
	]
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 300
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		36.0
		36.0
		36.0
		36.0
	]
	/AutoFilterGrayImages false
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages false
	/ASCII85EncodePages false
	/PreserveEPSInfo true
	/PDFXTrimBoxToMediaBoxOffset [
		36.0
		36.0
		36.0
		36.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 1200
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Error
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile (None)
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EmitDSCWarnings true
	/ColorImageDownsampleType /Average
	/EncodeGrayImages true
	/Namespace [
		(Adobe)
		(Common)
		(1.0)
	]
	/AutoFilterColorImages false
	/DownsampleGrayImages false
	/GrayImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /Warning
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.0
	/ColorImageDepth 8
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 30
		/TileWidth 256
	>>
	/TransferFunctionInfo /Remove
	/ColorImageFilter /FlateEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/PDFX1a:2001
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox false
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (DJS standard print-production joboptions; for use with Adobe Distiller v7.x; djs rev. 1.0)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/ITA <>
		/JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/QFactor 0.15
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts false
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError false
>>
setdistillerparams
<<
	/PageSize [
		792.0
		1224.0
	]
	/HWResolution [
		2400
		2400
	]
>>
setpagedevice




