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Patients with B-cell malignancies who become infected with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
are at an increased risk of morbidity and mortality due to
advanced age, use of B-cell-depleting therapies, and immu-
nodeficiency.1-3 Despite development of COVID-19 messenger
RNA vaccines, the majority of patients with B-cell malignancies
fail to develop anti-SARS-CoV-2 spike antibodies in response to
vaccination, and mortality rates secondary to COVID-19 infec-
tion over 10% have been reported.4,5

Preexposure prophylaxis with AZD442/Evusheld (tixagevimab-
cilgavimab) may be an alternative strategy to decrease the
incidence or severity of COVID-19 for patients with B-cell
malignancies. Tixagevimab-cilgavimab is amonoclonal antibody
(MoAb) that inhibits attachment of the SARS-CoV-2 spike protein
to the surface of cells, thereby preventing viral entry and infec-
tion by the COVID-19 virus.6 In December 2021, the Food and
Drug Administration (FDA) issued an Emergency Use
Authorization (EUA) for its use in individuals 12 years and older
with moderate to severe immunodeficiency.6 Tixagevimab-
cilgavimab was authorized based on results of the phase III
PROVENT study, which demonstrated a breakthrough infection
rate of 0.5% in unvaccinated adults at an increased risk of inad-
equate response or exposure to COVID-19.7 However, only 7%
of patients had cancer or a history of cancer, and 3% were
actively receiving immunosuppressive therapy.7

Omicron subvariants BA.1 and BA.1.1 were found to have
decreased COVID-19 neutralization in response to tixagevimab-
cilgavimab.6 Thus, in February 2022, the FDA revised the EUA to
include an increase of the recommended dose from 150/150mg
to 300/300 mg based on data suggesting the higher dose would
be more likely to prevent infection by these variants.6 The
currently recommended dosing interval is every 6 months while
SARS-CoV-2 remains in circulation. We sought to determine
the real-world efficacy and incidence of COVID-19 breakthrough
infections in patients with B-cell malignancies receiving pre-
exposure prophylaxis with tixagevimab-cilgavimab.

We retrospectively analyzed medical records at our institution
to define the incidence of COVID-19 infection in patients with
B-cell malignancies who received preexposure prophylaxis with
tixagevimab-cilgavimab from January 2022 to August 2022.
Patients were included if they had been diagnosed with a B-cell
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malignancy, including chronic lymphocytic leukemia (CLL),
B-cell lymphoma, multiple myeloma, or B-cell acute lympho-
blastic leukemia and had received tixagevimab-cilgavimab prior
to data cutoff. These patients were eligible for tixagevimab-
cilgavimab per institutional protocol if they were receiving
active treatment for a hematological malignancy (Bruton
tyrosine kinase inhibitor [BTKi], anti-CD20 MoAb, anti-CD38
MoAb), were within 1 year of chimeric antigen receptor T-cell
therapy or hematopoietic stem cell transplant (HSCT), or had a
diagnosis of CLL with a negative antibody titer post vaccination.
COVID-19 infection was defined by a confirmed positive SARS-
CoV-2 polymerase chain reaction or rapid antigen testing.
Immunoglobulin g (IgG) spike antibodies were measured with
DiaSorin’s LIAISON SARS-CoV-2 TrimericS assay. Data
including patient demographics, diagnosis, cancer treatment,
COVID-19 vaccination history, and infection characteristics were
collected from the electronic health record.

Among the 251 patients included, the median age was 66 years
(range 18-91) and 149 (59%) patients were male. The median
prior lines of therapy was 1 (range 0-14), and median follow-up
time from the initial tixagevimab-cilgavimab dose was 141 days
(range 8-221). Fourteen (5%) patients received a single 150/
150-mg dose, and 237 (95%) received a cumulative first dose of
300/300 mg (58 patients received 2 separate administrations of
150/150 mg dose as a result the FDA revision to the EUA to
increase of the recommended dose from 150/150 mg to 300/
300 mg). Eleven (4%) patients received a repeat 300/300-mg
dose 6 months after their first full dose. At a median of
79 days (range, 3-154), 53 (79%) patients tested for IgG spike
antibodies before tixagevimab-cilgavimab had titers below 264
arbitrary units (AU)/mL, previously reported to adequately
protect against SARS-CoV-2 infection in immunocompetent
patients.8 All patients tested for IgG spike antibodies after
tixagevimab-cilgavimab administration had antibody titers
≥264 AU/mL. Overall, tixagevimab-cilgavimab was well toler-
ated with 2 patients experiencing low-grade adverse reactions
including diarrhea and rash. One patient with a history of epi-
lepsy experienced a self-resolving seizure within minutes of
administration. Detailed clinical characteristics are presented in
Tables 1 and 2.

At a median of 91 days (range 3-162) from tixagevimab-
cilgavimab administration, 27 (11%) patients experienced a
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Table 1. Characteristics of patients with B-cell
malignancies who received tixagevimab-cilgavimab

Patient variable

SARS-CoV-2
negative
(n =224)

SARS-CoV-2
positive
(n = 27)

Median age, y (range) 66 (18-91) 67 (22-80)

≥65 y, n (%) 119 (53) 10 (47)

Sex, n (%)

Male 132 (59) 18 (67)

Female 92 (41) 9 (33)

Diagnosis, n (%)

B-ALL 8 (4) 1 (4)

CLL 52 (23) 6 (22)

DLBCL 48 (22) 6 (22)

FL 16 (7) 3 (11)

MCL 18 (8) 3 (11)

MZL 5 (3) 0 (0)

MM 32 (14) 2 (7)

PCNSL 4 (2) 1 (4)

WM 10 (4) 1 (4)

Other 31 (14) 4 (15)

Performance status (ECOG),
n (%)

0-1 194 (87) 23 (85)

2 or higher 30 (13) 4 (15)

Median prior lines of therapy
(range)

1 (0-14) 1 (1-6)

Prior hematopoietic stem
cell transplant, n (%)

Allogeneic 12 (5) 2 (7)

Autologous 43 (19) 3 (11)

Prior CAR T-cell therapy,
n (%)

NHL 13 (6) 0 (0)

MM 6 (3) 0 (0)

SARS-CoV-2 infection prior to
tixagevimab-cilgavimab, n
(%)

70 (31) 5 (19)

Median prior SARS-CoV-2
vaccines, n (range)

3 (0-5) 3 (0-5)

B-ALL, B-cell acute lymphoblastic leukemia; DLBCL, diffuse large B-cell lymphoma; ECOG,
Eastern Cooperative Performance Group; FL, follicular lymphoma; MCL, mantle cell lym-
phoma; MM, multiple myeloma; MZL, marginal zone lymphoma; NHL, non-Hodgkin lym-
phoma; PCNSL, primary central nervous system lymphoma; WM, Waldenström
macroglobulinemia.
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confirmed COVID-19 breakthrough infection. Twenty-two (81%)
infections occurred at least 30 days after tixagevimab-
cilgavimab administration. Among infected patients, 63% (17/
27) had received B-cell-depleting therapy (rituximab, obinutu-
zumab, or blinatumomab) within 3 months of infection. Three
(11%) infected patients were on active therapy with a BTKi
(acalabrutinib, zanubrutinib), and 4 (15%) were within 6 months
of HSCT but not on immunosuppressive therapy at the time of
LETTERS TO BLOOD
infection. The majority (63%) of infected patients had received
at least 3 prior COVID-19 vaccinations. Three (11%) infected
individuals had only received a single 150/150-mg tixagevimab-
cilgavimab dose. Although there was not a statistically signifi-
cant difference between the incidence of COVID infections
between patients who received a single 150/150-mg dose
compared with patients who received a cumulative 300/300-mg
first dose (P = .1804, Fisher exact test), this was likely a result of
the small sample size; the clinically significant benefit that was
seen reinforced the incorporation of FDA revision to increase
the dose to 300/300 mg (Table 1). Twenty-three (85%) infec-
tions occurred between June and August 2022 when Omicron
variant BA.5 was dominant among the local population.9 Eleven
(41%), 2 (7%), and 4 (15%) infected patients received
postexposure treatment with nirmatrelvir/ritonavir,
molnupiravir, or remdesivir, respectively. Four patients (15%)
were hospitalized for severe infections, but no mortalities
were observed.

Our findings suggest patients with B-cell malignancies who
received preexposure prophylaxis with tixagevimab-cilgavimab
and B-cell-depleting therapy or HSCT within the past 3 to 6
months may still be at risk of breakthrough COVID-19 infection.
Indeed, a previous report describing 52 patients with
hematologic malignancies investigated activity of tixagevimab-
cilgavimab, but at a median follow-up of 79 days, the investi-
gators only found 2 (4%) cases of breakthrough infection, both
in patients who had received a single 150/150-mg dose.10 A
larger study of immunocompromised patients with a median
follow-up of 63 days found a breakthrough infection rate of
4.4%, although the majority of included patients did not have a
hematologic malignancy.11

To our knowledge, this study is the first to report efficacy out-
comes of the currently recommended 300/300-mg dose of
tixagevimab-cilgavimab and demonstrate a clinically significant
risk of breakthrough infections in patients with B-cell malig-
nancies during the Omicron era. Our report suggests, despite
vaccination and tixagevimab-cilgavimab, these patients are still
at risk of infection and should continue to use precautions; this
may be explained by the hypothesis of a dysregulated immune
repertoire including both B and T lymphocytes seen in patients
with B-cell malignancies. There does not seem to be a clinical
correlation between timing of tixagevimab-cilgavimab admin-
istration and infection. More likely, the rate of breakthrough
infections seems to correlate with the emergence of the Omi-
cron BA.5 variant, which was the dominant strain in our region
at the time of most infections (Figure 1). Notably, few patients
with infections were hospitalized and no deaths occurred,
suggesting preexposure prophylaxis with tixagevimab-
cilgavimab may reduce the risk of severe infection and death
in patients with breakthrough infections.

Our observations were limited by the retrospective nature of
our study, a single-center population, and limitations of the
data available in the electronic health record. COVID variant
information was unavailable and has not been included. One
patient in our infected cohort tested positive 3 days after
tixagevimab-cilgavimab, which may not truly account for a
breakthrough infection. In addition, we may have not have
captured undiagnosed or unreported infections as patients
were advised but not mandated to perform a COVID-19 test
12 JANUARY 2023 | VOLUME 141, NUMBER 2 201



Table 2. Clinical impact of IgG spike antibody titers and dose of tixagevimab-cilgavimab in patients with
B-cell malignancies who received tixagevimab-cilgavimab

SARS-CoV-2
negative

SARS-CoV-2
positive P

IgG spike antibody titer before tixagevimab-cilgavimab (AU/mL) 63 4

Median (range) 250 (14-800) 309 (41-643) .1901

≥264, n (%) 12 (19) 2 (50)

<264, n (%) 51 (81) 2 (50)

IgG spike antibody titer after to tixagevimab-cilgavimab (AU/mL) 25 4

Median (range) 800 (526-800) 681 (588-800) >.999

≥264, n (%) 25 (100) 4 (100)

<264, n (%) 0 (0) 0 (0)

Tixagevimab-cilgavimab dose (mg), n (%) 224 27

150/150 11 (5) 3 (11) .1804

300/300 213 (95) 24 (88)
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when symptomatic. A prospective, multicenter study with a
larger patient population and long-term follow-up is needed to
confirm our findings.

In conclusion, patients with B-cell malignancies, especially
those receiving B-cell-depleting therapy or following HSCT, are
at risk for breakthrough infections despite use of preexposure
prophylaxis with tixagevimab-cilgavimab, although it should
be emphasized hospitalization rates were low and no COVID-
related deaths were observed. Our findings suggest these
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patients shouldmaintain amultimodal prevention strategy including
social distancing, vaccination, and tixagevimab-cilgavimab.
Future studies are needed to demonstrate effectiveness of a
repeat dosing strategy and whether response remains similar
across viral variants.
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There is a Blood Commentary on this article in this issue.
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Cannabidiol (CBD), a major constituent of Cannabis sativa L, is
widely used for the treatment of pain.1 CBD has been shown to
modulate inflammation, oxidative stress, ischemia-reperfusion
injury, gliosis, neuropathic pain, and allodynia.1-6 These
pathobiological features and pain are associated with sickle
cell disease (SCD).2,3 Cannabis use in patients with SCD is
relatively higher than in the general population owing to an
unmet need for safe and satisfactory pain control.4 CBD has
significantly less psychotropic effects compared with
tetrahydrocannabinol, thus offers a relatively safer alternative
to cannabis. SCD patients treated with vaporized cannabis
containing ~1:1 CBD to tetrahydrocannabinol for 5 days
showed reduced pain, though not statistically significant due
to small sample size.5 We examined if CBD has the potential
to ameliorate hyperalgesia and the inflammatory
pathobiology of SCD.

Detailed methods are described in the supplemental Materials
available on the Blood website. Humanized transgenic sickle
(HbSS-BERK) and control (HbAA-BERK) mice expressing >99%
human sickle hemoglobin and normal human hemoglobin A,
respectively, were used. Mice were treated with synthetic,
pure CBD at either 20 or 50 mg/kg per day (Cayman, Ann
Arbor, MI) or vehicle (5% dimethyl sulfoxide [DMSO] and 5%
Tween 20 in phosphate-buffered saline) intraperitoneally or
with 100 mg/kg per day with Epidiolex (Greenwich Biosciences,
Carlsbad, CA), a >99% pure extract of CBD from cannabis plant,
or vehicle (sesame oil) by oral gavage. Mice were tested for
12 JANUARY 2023 | VOLUME 141, NUMBER 2 203
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