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Even after SARS-CoV-2 booster, there is increased COVID-19
breakthrough infection in patients with plasma cell disorders
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Patients with multiple myeloma (MM) face elevated risk of experiencing serious complications from
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) because of immune deficiencies from
myeloma and immunosuppressive treatments.1 Despite SARS-CoV-2 vaccination being an effective
approach in the general population, we previously found that patients with MM experience significantly
higher rates of breakthrough infection and severe coronavirus disease 2019 (COVID-19) after vacci-
nation compared with matched controls without plasma cell neoplasms.2 With the wide availability of
vaccine booster shots, we set out to evaluate the risk of breakthrough infections after vaccine boosting
in patients with MM and monoclonal gammopathy of undetermined significance (MGUS) compared
with matched patients without plasma cell disorders.

We designed a retrospective matched cohort study using data from the national Veterans Affairs (VA)
health care system. Patients with MM or MGUS who were fully boosted were matched 1:1 with fully
boosted control individuals without MM or MGUS. Patients were matched on factors potentially
associated with SARS-CoV-2 exposure or severity: age, race, VA facility, rurality of home address, and
date of full boosting.2 Each matched pair was followed from the time of full boosting until SARS-CoV-2
infection, death, or end of the study. We used the Fine-Gray subdistribution hazard model to account
for the competing risk of death. SARS-CoV-2 infection was laboratory confirmed, and severe COVID-
19 was defined as SARS-CoV-2 infection within –1 to 14 days of a documented oxygen saturation of
<94% or supplemental oxygen use.3 Full boosting was defined to start 7 days after receipt of the third
dose of a messenger RNA (mRNA)-based vaccine (BNT162b2 or mRNA-1273). Patients who were
fully boosted between 1 August 2021 and 22 June 2022 were included. We did not evaluate second or
subsequent booster doses, and patients vaccinated with Janssen Ad26.COV2.S or with prior SARS-
CoV-2 infection were excluded. Patients with MM were required to have at least 3 MM International
Classification of Disease (ICD)–coded visits and have received at least 1 systemic anti-MM treatment
before 15 December 2020.4 Patients with MGUS were required to have at least 3 MGUS ICD-coded
visits and to never have had any MM treatment before 15 December 2020. Controls were required to
have no ICD codes for MM or MGUS. Information on SARS-CoV-2 vaccination and infection status was
obtained from the VA COVID-19 shared data resource. All other data were obtained from the VA
Corporate Data Warehouse, which collates electronic health record information from VA facilities
nationwide. We filtered for regular users of the VA system, which is defined as those who had at least 1
billable outpatient or inpatient visit every year for 3 years before the study start date, to exclude patients
whose data may have been incomplete. This study was approved by the VA Boston Institutional Review
Board and conducted in accordance with the Declaration of Helsinki.

We identified 1822 patients with MM and 6971 patients with MGUS who were fully boosted with an
mRNA-based vaccine during the study period. Of these, 1706 patients with MM and 6503 patients with
MGUS could be fully matched 1:1 with control patients who did not have MM or MGUS. The median
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age was 73.5 years among patients with MM and 74.9 years
among patients with MGUS. Non-Hispanic White individuals
comprised the largest percentage of both MM and MGUS cohorts
(59.5% and 56.1%, respectively), followed by non-Hispanic Black
(30.0% and 33.8%), Hispanic (5.3% and 4.2%), and other/
unknown (5.3% and 5.9%) patients. The median follow-up time
was 260 days for patients with MM and 225 days for patients with
MGUS, and the median date of boosting was 23 September 2021
and 5 November 2021, respectively.

Patients with MM had an increased risk of breakthrough infection
after boosting compared with matched controls who were boosted
but did not have MM or MGUS (hazard ratio [HR], 2.60; 95%
confidence interval [CI], 1.96-3.45; P < .001; Figure 1), as did
patients with MGUS (HR, 1.90; 95% CI, 1.60-2.25; P < .001).
Patients with MM also had an increased risk of severe COVID-19
after boosting compared with boosted controls without MM or
MGUS (HR, 2.39; 95% CI, 1.33-4.29; P = .003); however,
patients with MGUS did not (HR, 1.06; 95% CI, 0.75-1.51; P =
.74). The incidence of breakthrough infections increased in all
groups ~3.5 months after the booster, with the highest increase
observed among patients with MM, possibly because of waning
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Figure 1. Cumulative incidence of SARS-CoV-2 infection in fully boosted patient

SARS-COV-2 infection by disease state (MM, MGUS, and their matched controls) are sho

intervals were calculated by bootstrapping. The number at risk are also shown. The inset ta

and MGUS relative to matched controls.
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immunity, the increased prevalence of vaccine-resistant SARS-
CoV-2 variants, or a combination thereof (Figure 1).

We also examined the impact of disease control on breakthrough
infection. We stratified by complete response or better vs very
good partial response or less at the time of boosting and found that
there was not a statistically significant increase in breakthrough
infection among patients with MM with complete response or
better compared with matched controls without MM or MGUS
(HR, 1.85; 95% CI, 0.62-5.53; P = .27). In contrast, among
patients with very good partial response or worse, there is a strong
and statistically significant increase in risk (HR, 2.66; 95% CI, 1.98-
3.56; P < .001). Similarly, we found that patients with MM on
single-agent lenalidomide at the time of boosting did not have a
statistically significant increased risk of breakthrough infection
compared with matched controls without MM or MGUS (HR, 1.28;
95% CI, 0.66-2.47; P = .46). We stratified by patient age, aged
>65 years and ≤65 years at the time of boosting, and found that
patients with MM aged >65 and those aged ≤65 years had simi-
larly increased risk of breakthrough infection compared with
matched controls without MM or MGUS, although the increase
was slightly higher in those aged >65 years (>65: HR, 2.44;
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95% CI, 1.79-3.34; P < .001; ≤65: HR, 2.32; 95% CI, 1.14-4.72;
P = .02).

Given that anti-MM treatment can negatively affect the immune
system, we also evaluated the breakthrough risk in patients who
had undergone recent treatment (Table 1). Whereas a total of 180
patients with MM (9.9%) experienced a breakthrough infection,
patients who had received systemic anti-MM treatment <90 days
before receiving a booster experienced more than twice the rate of
breakthrough infections (11.3%, P < .001) compared with those
who received their last treatment between 90 and 180 days before
boosting (5.0%) or >180 days before boosting (5.2%). Receiving
anti-CD38 therapy <90 days before boosting was strongly asso-
ciated with breakthrough infection, with 16.3% of patients experi-
encing breakthrough infection (P < .001), as were the receipts of
proteasome inhibitors (12.5%, P < .001) and immunomodulatory
imide drugs (11.0%, P = .007).

Our results suggest that patients with MM continue to be at
increased risk of SARS-CoV-2 breakthrough infection and severe
COVID-19 relative to the general population, even after a third
mRNA vaccine dose. However, patients with MGUS appear to be
protected against severe COVID-19 after receiving a third dose.
This contrasts with our previous findings in the same population
that found patients with MGUS at continued risk of severe COVID-
19 after 2 mRNA vaccine doses.2 These data complement data on
surrogate markers of vaccine response, such as serologic studies
showing reduced antibody response to SARS-CoV-2 vaccination
among patients with MM, especially among those receiving anti-
CD38 therapy.5-7 In contrast, the immune response among
patients with MGUS is typically closer to normal.8,9 For patients
with myeloma on anti-CD38 therapy, seroconversion is still
possible after repeated SARS-CoV-2 vaccine doses.10 Our finding
that patients with MM were at the highest risk 3.5 months after the
booster, compared with controls and patients with MGUS, is
Table 1. Treatment characteristics of fully vaccinated patients with

MM by breakthrough infection status

Overall

Breakthrough infection

P valueYes No

Full cohort 1822 180 (9.9) 1642 (90.1)

Treatment timing*

Within 90 d 1413 159 (11.3) 1254 (88.7) <.001

90 to 180 d 159 8 (5.0) 151 (95.0) .045

>180 d 250 13 (5.2) 237 (94.8) .011

Treatment type†

IMiD 1352 149 (11.0) 1203 (89.0) .007

Proteasome inhibitor 1035 129 (12.5) 906 (87.5) <.001

Chemotherapy 566 66 (11.7) 500 (88.3) .104

Anti-CD38 399 65 (16.3) 334 (83.7) <.001

Other 49 9 (18.4) 40 (81.6) .076

IMiD, immunodulatory imide drugs.
*Defined on the basis of the date of last dose of systemic antimyeloma therapy received

before the third vaccine dose.
†Defined on the basis of all systemic antimyeloma therapies received within 90 days

before the third vaccine dose. Patients who received multiple treatment types in this time
period are included in multiple treatment type categories.
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consistent with data showing that patients with MM have a more
rapid decline in antibody levels after SARS-CoV-2 vaccination
compared with healthy controls.11 It also indicates potential need
for repeat booster vaccination.

The study was conducted among veterans, which is a predomi-
nantly male population. It covered periods with varying levels of
community COVID-19 incidence, which was addressed by
matching on date of booster receipt and setting the index date for
each matched pair to this date. Because this is a retrospective
study based on electronic health record data, certain variables
such as antibody titers and COVID variant were not available. In
addition, the risk from individual antimyeloma drugs cannot be fully
distinguished because these are often used in combination.
Despite these limitations, our study represents, to our knowledge,
the largest cohort of boosted patients with MM or MGUS to date. It
directly reports on real-world risk of infection and severe COVID-19
instead of only immune response and, thus, is likely to translate to
external settings with high clinical validity.

In conclusion, MM is associated with elevated risk of breakthrough
SARS-CoV-2 infection and severe COVID-19, even after boosting,
especially in those on anti-CD38 therapy compared with matched
controls. In contrast, MGUS was associated with elevated risk of
infection but not severe COVID-19 disease. These vulnerable
populations may benefit from additional preventive strategies, such
as ongoing targeted boosting campaigns and strategies to
increase uptake of oral antivirals during early COVID-19 infection.12
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