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Patients with cancer are at risk of severe

COVID-19 disease due to immunosup-

pression caused by cancer and/or cancer

therapies (Ehmsen et al., 2021b; Tian

et al., 2020). We and others have charac-

terized the anti-SARS-CoV-2 immune

response after two doses of COVID-19

mRNA vaccines in patients with solid and

hematologic cancers and observed insuf-

ficient responses in a substantial portion

(Ehmsen et al., 2021a; Gounant et al.,

2022; Herishanu et al., 2022). We further

showed that the anti-SARS-CoV-2 spike

receptor binding domain (anti-S) IgG anti-

body titers declined rapidly within the first

3 months after the second vaccination,

indicating the need to boost the immune

response with a third vaccination.

To further assess the decay of the anti-

body response after a second mRNA

vaccination andalteration in antibody titers

following a third mRNA vaccination, we

evaluated anti-S IgG titers in blood sam-

ples of patientswith solid and hematologic

malignancies. In addition, we analyzed the

rate of decay of the antibody responses

following the third mRNA vaccination to

assess the possible optimal timing (based

on antibody level) of a fourth mRNA

vaccination.

Overall, 539 patients including 316 with

hematologic and 223 with solid cancers

had blood drawn after a mean of 36 days

(93%of patients hadblood samples drawn

at this time), 3months (91%), and 6months

(62%) following the second vaccination,

and 39 days (86%) and 3months (55%) af-

ter the third vaccination, and these blood

samples were analyzed for anti-S IgG

levels. Clinical characteristics of the pa-
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tients are provided in Table S1A. Patients

with hematologic cancers included in the

study were pre-selected based on an ex-

pected reduced immune response and

therefore primarily included patients with

lymphoma (30%), chronic lymphocytic leu-

kemia (CLL; 37%), and multiple myeloma

(MM; 32%). At the time of second vaccina-

tion, 93% of patients with solid cancers

were in active cancer treatment, e.g.,

chemotherapy, immunotherapy or radio-

therapy, while 38% of patients with hema-

tologic cancers were in active cancer

therapy, the most prevalent of which were

chemotherapy and anti-CD20 therapy,

and 16% had received stem cell trans-

plants. At time of third vaccination, 63%

ofpatientswith solid cancerswere inactive

cancer therapy, e.g., chemotherapy or

immunotherapy, and 28% of patients with

hematologic cancers were in active cancer

therapy, of whom19% received anti-CD20

therapy. Seven percent received support-

ive immunoglobulin treatment. Steroid

treatment (R50mg/week) prior to the third

vaccination was ongoing in 4% of patients

with solid cancers and in 9% of patients

with hematologic cancers.

As previously demonstrated, the per-

centage of seropositivity for anti-S IgG

(>54 BAU/mL) 36 days after a second

vaccination in patients with solid cancers

wassignificantly higher (92%) than in those

with hematologic cancers (67%) (p <

0.0001, Fischer’s exact test) (Table S1B).

For the total cohort, the mean IgG titer

declined from the blood sample drawn

36 days (912 BAU/mL) to 3 months (378

BAU/mL) and6months (165BAU/mL) after

a second vaccination (Figures S1A–S1C).
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Themajority of patients received their third

vaccination 6 months after the second

vaccination. A marked increase in mean

anti-S IgGwas observed 39 days following

a third vaccination (1,903 BAU/mL), which

was 2- to 5-fold higher than after the sec-

ond vaccination (p < 0.0001, Student’s t

test) (Figure S1A). Not only were the titers

higher following a third vaccination, but a

larger percentage of patients with hemato-

logic and solid cancers developed a suffi-

cient antibody response. Among patients

with hematologic cancers, only 26% were

seronegative 3 months after the third

vaccination, while 43% of this group were

seronegative 3 months after the second

vaccination (TableS1B). This improvement

in anti-S IgG response was observed for

several disease types (seronegative %;

CLL, 54% versus 24%; and MM, 39%

versus 10%).

The group of patients with hematologic

cancers receiving active cancer therapies

during the second and third mRNA vacci-

nations exhibited significantly lower sero-

conversion following the third vaccination

compared to those who did not receive

therapies (Table S1C; Figure S1D), in

agreement with Herishanu et al. (2022).

Interestingly, steroids at high doses

(R50 mg/week) did not affect seroconver-

sion after a third vaccination (Table S1C).

Comparing the medical history of patients

with hematologic cancers who were sero-

negative after the second vaccination but

became seropositive after the third vacci-

nation with those that remained seronega-

tive suggested that type of malignancy,

type of treatment, and/or comorbidity

could explain the change for some.
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Patients treated with anti-CD20 therapy

within the past 6 months did not serocon-

vert following the third vaccination (Table

S1D), in agreement with Debie et al.

(2021). However, for the majority of pa-

tients with hematologic cancers, serocon-

version following the third vaccination

could not be explained by type of malig-

nancy, type of treatment, and/or comor-

bidity. This indicates that identification of

cancer patients who would benefit from

additional boosting by a third vaccination

is complex and suggests that this entire

immunocompromised population would

need a third vaccination.

The improvement in seropositive rates

following the third vaccination was even

more pronounced in patients with solid

cancers. One-fifth of the patients were

seronegative 3 months after the second

vaccination, while only one patient (<1%)

was seronegative 3 months after the third

vaccination (Table S1B). Part of this cohort

had discontinued chemotherapy at the

third vaccination and thus may have been

able to elicit an immune response. Sero-

conversion from the first to the third blood

samples after the second vaccination was

more pronounced in patients with lung

cancer and gastrointestinal cancers, and

those patients benefitted from the boost

of the third vaccination (Table S1E).

By formulating an equation based on the

decay in antibody responses after the sec-

ond vaccination, we could calculate when

the anti-S IgG level declined below the

level considered for seronegativity. Based

on our data, some patients with hemato-

logic cancers, e.g., those receivingBTK in-

hibitors and chemotherapy, already

became seronegative 2 months after the

second vaccination and should likely

have received the third vaccination at that

time, while those not receiving any active

treatment could have waited up to a year

for the third vaccination (Table S1F; Fig-

ures S1F and S1G). Finally, we also used

the equation based on the decay in anti-

body responses after the second vaccina-

tionand the39dayand3month titer values

after the third vaccination to approximate

when the titers declined below the level

considered for seronegativity after the third

vaccination (Table S1F; Figures S1F and

S1G). Such estimates could be useful in

planning optimal timing for the fourth

vaccination should it become necessary,

and the results again showed that the

decay in antibody responses after the third
vaccinationwas significantly influenced by

the disease type and treatment (Table

S1F). Similar to the third vaccination, those

receiving BTK inhibitors and chemo-

therapy should have already received the

fourth vaccination 3–5 months after the

third vaccination, while those receiving no

active treatment could wait up to a year

before a fourth vaccination. Our data sup-

port early administration of a fourth vacci-

nation to selected groups of cancer pa-

tients, as has been initiated by some

countries, including Denmark, where a

fourth vaccination is offered to such pa-

tients approximately 4 months following

their third vaccination. An alternative strat-

egy would be to monitor anti-S IgG levels

to determine the optimal time for a fourth

vaccination for individual patients, as sug-

gested by others (Barrière et al., 2022).

As limitations of this study, we have only

evaluated the anti-S IgG levels, which

often, but not always, correlate with virus

neutralization and are predictive of im-

mune protection (Goldberg et al., 2021).

Although an absolute protective threshold

has yet to be established for the different

variants of the SARS-CoV-2 virus, we

and others (Eliakim-Raz et al., 2021)

defined seronegativity as %54BA U/mL

of anti-S IgG, since this level has been re-

ported to confer an estimated 50% pro-

tective antibody level in standardized units

(Khoury et al., 2021). Further, infection rate

of this population and CD8 T cell immunity

against COVID-19, which has been shown

to be an important immune protective

parameter, have not been evaluated.

Studies are needed to verify the clinical

effectiveness of repeated vaccination in

these vulnerable patients.
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