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iron restriction helps to restore gut
epithelial integrity, improve microbiome
composition, and prevent the systemic
translocation of deleterious microbial
metabolites and antigens, and it may
contribute to the reduction of disease
severity. However, more work is needed
to definitively demonstrate the impact of
the intestine and microbiota in SCD. Gut
microbial communities have been shown
to be significantly affected by dietary iron.

Probiotics, such as Lactobacillus species,
are highly enriched following low-iron
treatment.9 Indeed, Lactobacillus
species have been shown to enhance
barrier integrity.10 Further work in
characterizing gut microbial commu-
nities, microbial metabolites, and germ-
free or antibiotic experiments is needed
to better define the impact of dietary
iron on alterations on intestinal function
and microbial changes in SCD.

Beneficial effects of iron restriction in
anemia seem paradoxical, but it is well
established that iron restriction strate-
gies alleviate major SCD morbidities.
This study provides new evidence that
VOEs, tissue injury, and organ damage
improve following dietary iron restric-
tion (see figure). Moreover, a novel
connection was identified, implicating
the beneficial outcomes to changes in
the host/microbiota interactions. This
study shows that SCD affects gut
microbial dysregulation, and it is
linked with systemic iron levels, which
can be successfully restored by dietary
iron restriction (see figure). This study
opens the possibilities of identifying
novel microbial compounds with
therapeutic potential for SCD
management.

There are still many open questions that
need to be addressed: How does iron
restriction improve anemia in SCD? Is
this dependent on decreasing the levels
of HbS or does iron-induced oxidative
stress in RBCs play a role? Are intestinal
changes in SCD the mediator of local and
systemic inflammatory and immune
changes? What are the factors in the
intestine, both host and microbial, that
determine the extent of local and systemic
tissue damage? Can we design studies in
humansusing information inmousemodels
to understand the efficacy of iron-restricted
diets in patients with SCD?
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COVID-19 prophylaxis:
half-full or half-empty glass?
Lydia Scarfò1,2 and Antonio Cuneo3 | 1Università Vita Salute San Raffaele;
2IRCCS Ospedale San Raffaele; and 3Università degli Studi di Ferrara

In this issue of Blood, Davis et al1 report their experience with tixagevimab–
cilgavimab preexposure prophylaxis in a cohort of 251 patients with chronic
lymphocytic leukemia (CLL), B-cell lymphomas, multiple myeloma, or B-cell
acute lymphoblastic leukemia.
With a case-fatality rate up to 34% in hos-
pitalized patients in the prevaccine era2

and a significantly reduced response to
vaccination, COVID-19 represents a major
issue for patients with tumors of the
hematopoietic and lymphoid tissues.
Searching for additional strategies to bet-
ter protect patients with hematological
malignancies, the use of preexposure pro-
phylaxis seemed a smart and feasible
approach. In patients whose immune sys-
tem function is compromised, passive
immunization relying on effective neutral-
izing antibodies administered once to
achieve protective antibody levels regard-
less of the B-cell function should mean
long-term protection and reduced risk.
Indeed, the PROVENT study showed a
symptomatic infection rateof only 0.2% ina
study population chosen because of a low
probability of responding to vaccination or
higher risk of exposure in those treated
with tixagevimab–cilgavimab. There was a
77% reduction in the risk of symptomatic
COVID-19 compared with placebo.3 That
said, only 383 of 5197 (7.4%) subjects in
the study were considered at high risk of
infection because of a cancer diagnosis
and only 24 (0.5%) because of an
immunosuppressive disease.

The report of Davis et al provides rele-
vant information on the complex area of
SARS-CoV-2 infection prevention and
management in the most difficult to
protect category of patients with hema-
tological malignancies, that is, those with
B-cell lymphoproliferative disorders.
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Sequence of interventions to prevent and successfully treat COVID-19 infection in patients with B-cell malignancies. Vaccinations are able to elicit seroconversion in up to
two-thirds of patients with B-cell malignancies.6 Tixagevimab and cilgavimab reduced the probability of developing a symptomatic infection before the BA.4 BA.5 Omicron
variants became predominant,4 and early administration of antiviral agents within 3 to 7 days from the onset of symptoms offered an effective protection against severe
disease in the majority of patients.
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Even though recent reports suggest a
reduced incidence of severe SARS-CoV-2
infections with fewer patients in need of
hospitalization and a lower case fatality
rate, this group of patients, in particular
those with active disease or those
requiring treatment, remains more
vulnerable to adverse clinical outcomes
including severe infections and deaths.4

This vulnerability is potentially driven, at
least in part, by the impaired response
to SARS-CoV-2 vaccines with a serocon-
version rate and T-cell response defi-
nitely lower than healthy subjects or
people with solid tumors. The lowest
rates were detected in patients with CLL,
with seroconversion ranging from 23% to
66%5 and T-cell responses being present
in 30% to 40%.6

At a median follow-up of 3 months from
preexposure prophylaxis, Davis et al
identified 27 (11%) subjects with
confirmed COVID-19 breakthrough
infection, with 22 (9%) at least 30 days
after tixagevimab–cilgavimab adminis-
tration. Interestingly, 63% of infected
patients had received at least 3 doses of
SARS-CoV-2 vaccine, the vast majority of
the breakthrough infections occurred in
patients who had recently received
B-cell-depleting agents, were on active
treatment, or were within 6 months of
hematopoietic stem cell transplantation.
Only 4 (15%) patients required hospitali-
zation, and no COVID-19-related death
was reported. It is important to note that
63% of the patients were treated with
antiviral drugs, that is, nirmatrelvir–
ritonavir, molnupiravir, or remdesivir, in
a timely manner. Though no specific
testing for the variants was done in this
retrospective study, most infections
occurred between June and August 2022
when Omicron variant BA.5 was domi-
nant. These findings support the preclin-
ical data showing reduced efficacy of
tixagevimab–cilgavimab against Omi-
cron BA.5 compared with BA.27 and
support the administration of a 300-
mg + 300-mg dosage of tixagevimab–
cilgavimab (as per Food and Drug
Administration label) to try to offset the
potentially reduced neutralization activity
against Omicron BA.4/5 also in patients.
In patients with hematological malig-
nancies, at least 2 studies on tixagevimab–
cilgavimab prophylaxis with less than 3
months of follow-up showed the occur-
rence of symptomatic COVID-19 in about
4% of patients.8,9 Reassuringly, 0 of 52
patients in one series8 and 2 of 1112
(0.2%) in the other9 died because of
COVID-19, well below the 34% mortality
12
rate in hospitalized patients that was
observed in the initial wave of COVID-19.2

Furthermore, a very low hospitalization rate
(5.9%) with no COVID-related death was
recently described in a preprint publication
that included a large series of immuno-
compromised patients, 45% of whom had
a hematologic disease, after preexposure
prophylaxis and administration of antiviral
agents.10
In conclusion, though the effectiveness
of tixagevimab and cilgavimab in the
Omicron era remains difficult to assess,
the data by Davis and coworkers on
patients with B-cell malignancies add to
a growing body of evidence that clearly
point to a dramatic improvement of the
outcome of COVID-19 infection in fragile
patients thanks to vaccination, pre-
exposure prophylaxis, and early treat-
ment with antiviral agents (see figure).
We have won some battles against
COVID-19 but not (yet) the war, as
SARS-CoV-2 variants are rapidly chang-
ing over time. Thus, it is crucial to remain
on the alert and continue to (1) inform
and educate our patients on the infec-
tion risks and the importance of a timely
diagnosis for administering the appro-
priate treatment and (2) investigate and
test prophylactic and therapeutic
JANUARY 2023 | VOLUME 141, NUMBER 2 131
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strategies tailored in particular to protect
the most vulnerable subgroups of
patients, including those with impaired
immune function and at higher risk of
dismal outcome upon infection.

Conflict-of-interestdisclosure:L.S. received
honoraria from AbbVie, AstraZeneca, Bei-
Gene, and Janssen; speaker bureau for
Octapharma. A.C. received honoraria from
AbbVie, AstraZeneca, Gilead, Janssen. ▪

REFERENCES
1. Davis JA, Granger K, Roubal K, et al. Efficacy

of tixagevimab-cilgavimab in preventing
SARS-CoV-2 for patients with B-cell
malignancies. Blood. 2023;141(2):200-203.

2. Vijenthira A, Gong IY, Fox TA, et al.
Outcomes of patients with hematologic
malignancies and COVID-19: a systematic
review and meta-analysis of 3377 patients.
Blood. 2020;136(25):2881-2892.

3. Levin MJ, Ustianowski A, De Wit S, et al.
Intramuscular AZD7442 (tixagevimab-
cilgavimab) for prevention of Covid-19.
N Engl J Med. 2022;386:2188-2200.

4. Niemann CU, da Cunha-Bang C,
Helleberg M, Ostrowski SR, Brieghel C.
Patients with CLL have a lower risk of death
from COVID-19 in the Omicron era. Blood.
2022;140(5):445-450.
132 12 JANUARY 2023 | VOLUME 141, NU
5. Molica S, Tam C, Polliack A. Current
perspectives regarding SARS-CoV-2
vaccination in chronic lymphocytic leukemia.
Hematol Oncol. 2022;40(3):313-319.

6. Mellinghoff SC, Robrecht S, Mayer L, et al.
SARS-CoV-2 specific cellular response
following COVID-19 vaccination in patients
with chronic lymphocytic leukemia.
Leukemia. 2022;36(2):562-565.

7. Tuekprakhon A, Nutalai R, Dijokaite-Guraliuc A,
et al. Antibody escape of SARS-CoV2 Omicron
BA.4 and BA.5 from vaccine and BA.1 serum.
Cell. 2022;185(14):2422-2433.e13.

8. Stuver R, Shah GL, Korde NS, et al. Activity of
AZD7442 (tixagevimab-cilgavimab) against
Omicron SARS-CoV-2 in patients with
hematologic malignancies. Cancer Cell.
2022;40(6):590-591.

9. Nguyen Y, Flahault A, Chavarot N, et al. Pre-
exposure prophylaxis with tixagevimab and
cilgavimab (Evusheld©) for COVID-19 among
1112 severely immunocompromised patients
[publishedonline aheadof print 1 August 2022].
Clin Microbiol Infect. https://doi.org/10.1016/j.
cmi.2022.07.015

10. Chen B, Haste N, Binkin N, et al. Real world
effectiveness of tixagevimab/cilgavimab
(Evusheld) in the 2 Omicron era. Preprint
posted online 17 September 2022. https://
doi.org/10.1101/2022.09.16.22280034

https://doi.org/10.1182/blood.2022018858

© 2023 by The American Society of Hematology
13
cannabinoid receptor 2 (CBR2), which is
mostly localized on immune cells.6 Many
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Is CBD ready for prime time
in sickle cell disease?
Susanna A. Curtis1 and Enrico M. Novelli2 | 1Mount Sinai Hospital and
2University of Pittsburgh

In this issue of Blood, Cherukury et al demonstrate that cannabidiol (CBD), a
nonpsychoactive phytocannabinoid, can decrease hyperalgesia and markers
of systemic inflammation in murine models (HbSS-BERK) of sickle cell disease
(SCD).1 The effects of CBD on pain and markers of inflammation were both
dose and sex dependent. This promising study suggests that CBD may be
effective for the treatment of chronic pain in SCD and/or could be disease
modifying owing to its anti-inflammatory properties.
Although the sale and consumption of
most cannabis products remain illegal on
a federal level in the United States, an
ever-increasing number of states is
passing laws permitting the sale of
medicinal cannabis for a wide range of
conditions, including SCD and chronic
pain from any source. Chronic pain in
SCD is one of the greatest contributors
to poor quality of life, yet there is a
paucity of evidence-based interventions
to mitigate this complication. Existing
disease-modifying medications may only
attenuate chronic pain modestly.2

Owing to the dearth of effective
treatment strategies and the increasing
reluctance of medical providers to
prescribe opiates for chronic pain,
MBER 2
many patients have resorted to
recreational marijuana in an attempt to
alleviate their pain and other disease-
related symptoms. Retrospective
studies have shown that 31% to 51% of
people living with SCD self-report using
cannabis, and the majority endorse using
it for pain relief.3 One retrospective
study showed that medical cannabis
use was associated with a decrease in
hospital admissions.4 In contrast, the
only randomized controlled study of
inhaled cannabis in SCD failed to show
a significant decrease in pain ratings;
this small study, however, showed a
promising improvement in mood with
cannabis.5 Thus, there remains a critical
need for rigorous studies evaluating
whether cannabis products could be
effective for the treatment of chronic
pain in SCD.

Cannabinoids act primarily on 2 endoge-
nous receptors, cannabinoid receptor 1
(CBR1), which is mainly localized in the
nervous system and associated with
transmission of pain as well as anxiety,
sleep, and appetite, and is responsible for
the psychoactive effects of cannabis, and

studies aimed at treating chronic pain
with cannabinoids have tested the effects
of tetrahydrocannabinol, the primary
active ingredient in cannabis, which may
relieve pain via its agonist activity on
CBR1. However, CBR1 activity can also
trigger undesirable psychoactive side
effects. In contrast, CBD has no direct
activity on CBR1 and instead acts as an
agonist on CBR2, as well as receptors for
neurotransmitters (eg, serotonin).6

Controlled studies examining the
effectiveness of CBD alone as a treatment
for seizure disorders, anxiety, and
addiction cravings have been ranging
from outright positive to encouraging,
although studies investigating its effects
on chronic pain have yielded mixed
results.6 Despite these considerations, we
can hypothesize the anti-inflammatory
activity of CBD could be particularly
beneficial for the chronic pain of SCD. In
SCD sterile inflammation owing to circu-
lating free heme and ischemia–reperfusion
injury from vaso-occlusion can induce
neuroinflammation, which in turn can lead
to hyperalgesia through central and
peripheral sensitization.7 Mediators of
inflammation such as the cytokines
interleukin-1β and tumor necrosis factor α,
and histamines can also activate
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