
Safety and antibody response after one and/or two doses of
BNT162b2 Anti-SARS-CoV-2 mRNA vaccine in patients treated
by CAR T cells therapy

The efficacy of anti-SARS-CoV-2 messenger RNA vaccines

was first demonstrated in healthy populations.1 It was later

progressively reported in immunocompromised hosts,

including patients with solid tumours,2 haematological

malignancies, especially B-cell chronic lymphocytic leukae-

mia,3,4 as well as solid organ transplants.5,6 Surprisingly, the

antibody response has been shown to be impressive (around

80%) only in recipients of allogeneic haematopoietic stem

cells transplant.7–9

Another immunocompromised population is patients who

have received chimeric antigen receptor-T (CAR T) cell ther-

apy. Two small studies, both including 14 patients, have

reported humoral response rates of 36% and 21% respec-

tively.8,9 Here we report on the efficacy and safety of one

and/or two injections of the BNT162b2 (Pfizer-BioNTech)

vaccine in 23 patients who had received CAR T-cell therapy

in our Haematology Department. They were compared to a

cohort of 25 volunteer healthy controls (caregivers from the

Hematology Department) vaccinated concomitantly. All par-

ticipants were vaccinated between 28 January and 31 May

2021. None of them had a previous clinical history of

COVID-19. Antibody response to the SARS-CoV-2 spike

protein receptor-binding domain was tested using several

serological techniques but mainly the Roche Elecsys assay.

Patients answered a questionnaire aimed at assessing vaccina-

tion safety within the 7 days following the first (D1) and sec-

ond (D2) doses, while controls completed the same

questionnaire directly in our Department. All patients gave

informed consent and the study was approved by the Ethics

Review Board of the CHU of Nantes.

Overall, 23 patients (14 males, nine females) with a med-

ian age of 62 years (range, 21–79) were enrolled. These

patients had received CAR T-cells for high-grade lymphoma

(n = 20) or acute lymphoblastic leukaemia (n = 3). Eight

and three patients respectively had been previously auto-

grafted or allografted. All patients were submitted to lym-

phodepletion by fludarabine + cyclophosphamide before

CAR T-cell infusion. Moreover, two patients had been allo-

grafted after CAR T-cell infusion failure. CAR T-cells were

axicabtagene ciloleucel (Yescarta, Kite/Gilead) in 16 cases, tis-

agenlecleucel (Kymriah, Novartis Pharma) in five and KTE-

X19 (Kite/Gilead) in one. An additional patient received allo-

geneic UCART19 (Servier). The median delay between CAR

T-cell administration and D1 was 401 days (range, 113–819).

All except two patients were in complete remission at the

time of first vaccine, while three patients were still on ther-

apy (revlimid n = 1, tafasitamab n = 1, chemotherapy

n = 1). Antibody response to the SARS-CoV-2 spike protein

receptor-binding domain after D1 was tested by the Roche

Elecsys assay at a median time of 29 days (range, 16–32) in

19 patients and of 23 days (range, 18–32) in controls. At that

time, only 4 of 23 patients (21%) had a positive anti-spike

antibody response, while the response was 100% for controls

(P < 0�001). Among seropositive cases, median IgG titers

were higher in controls (35�1 U/ml, range, 2�2 to >250) than
in patients (5�9 U/ml range, 4�1–41�6, P = 0�06). The highest

possible IgG titer (>250) was obtained in two controls.

The median delay between D1 and D2 of the vaccine was

28 days (range, 14–46). Among the 20 patients tested after

D2, 17 had also been tested after D1 while three were tested

only after D2. All controls were tested after D2. The second

serology assay was performed at a median interval from D2

of 52 days (range, 21–99) for patients and 58 days (range,

32–71) for controls. This serology assay was positive in six

patients (30%), while all controls (100%, P < 0�001) had a

positive response. Three out of the six patients (15%)

achieved the highest IgG titer, according to the serology assay

used. Among the four patients with significant antibody titers

after D1, three remained positive including one reaching the

highest possible titer. The fourth patient has not yet received

D2. Median IgG titers could not be compared with controls

because various methods of detection were used after D2.

However, all controls tested again by Roche Elecsys displayed

the highest IgG titer (>250) after D2. The two patients in

relapse and treated by chemotherapy or tafasitamab did not

develop antibodies after D2, conversely to patients under

maintenance by revlimid.

The delay between CAR T-cell infusion and the vaccine did

not influence the antibody response in this small series. The

influence of lymphopenia could not be evaluated as almost

all patients remained under the threshold of 1 9 109/l

lymphocytes at the time of analysis.

Vaccine injections appeared to be safe both in patients

and controls as only grade 1 or 2 adverse events were

observed. Surprisingly, reported reactions were significantly

less frequent in patients than in controls, both after D1 and

D2. Only pain incidence was reported to be significantly

more frequent in controls after D1 and D2, the use of
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medication by paracetamol being statistically higher in these

subjects after D1 and D2 (Table I).

Finally, with a median follow up from D1 of 77 days

(range, 49–127) in patients and 81 days (range, 62–95) in

controls, no COVID-19 infection has been documented in

participants. One patient died of sepsis 3�5 months after D2

without being tested for serology.

This study, the largest one currently, confirms that the

administration of one and/or two doses of BNT162b2 anti-

SARS-CoV-2 messenger RNA vaccine is safe, but provides a

low rate (˜30%) of seroconversion in recipients of CAR T-

cell therapy, even at a distance from the administration of

CAR T-cells and even after a second vaccine. The role of a

persistent lymphopenia, especially B-cell lymphopenia, as

already reported by Ram et al.,8 may explain this poor anti-

body response. Unfortunately, we have no information on B

cell counts in our cohort. These results, however, should be

mitigated by the fact that 50% of CAR T-cell recipients may

achieve cellular response after vaccine, as demonstrated again

by Ram et al.,8 for an overall rate of 57% of patients devel-

oping either or both immune/cellular responses. Overall, as a

majority of CAR T-cell patients remains at risk of COVID-19

infection, and to improve their protection, the role of a third

dose is warranted. The duration of this protection should

also be explored in the future, to determine whether or not

an annual booster is necessary.10
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Table I. Vaccine-related adverse effects within 7 days after the first and second doses in patients and controls.

Dose 1

Patients n = 20

n (%)

Dose 1

Controls n = 25

n (%) P value

Dose 2

Patients n = 14

n (%)

Dose 2

Controls n = 25

n (%) P value

Any reaction 5 (25) 17 (68) 0�01 3 (21�4) 22 (88) 0�0001
Injection-site reactions

Pain 3 (15) 16 (64) 0�002 1 (7�1) 13 (52) 0�01
Redness 1 (5) 1 (4) NS 1 (7�1) 3 (12) NS

Swelling 0 1 (4) NS 0 5 (20) NS

Systemic reactions

Fever 1 (5) 0 NS 0 1 (4) NS

Chills 1 (5) 0 NS 0 2 (8) NS

Fatigue 0 3 (12) NS 1 (7�1) 8 (32) NS

Myalgia 0 1 (4) NS 0 3 (12) NS

Headache 1 (5) 3 (12) NS 0 7 (28) NS

Nausea 0 0 0 2 (8) NS

Medication (paracetamol) 1 (5) 10 (40) 0�01 0 13 (52) 0�003
Medical attention required 0 0 0 0

NS, not significant.
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the integrity of the data and the accuracy of the data

analysis.
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The 12-week kinetics of anti-SARS-CoV-2 antibodies in
different haematological cancers after vaccination with
BNT162b2

To date, studies on anti-severe acute respiratory syndrome

coronavirus-2 (SARS-CoV-2) vaccine efficacy in blood can-

cers show that different responses may be observed according

to the haematological malignancy diagnosis, stage of disease

and ongoing treatment. Immune responses are often lower

compared to healthy controls, second doses appear to be cru-

cial, and most of the evidence rely on tests of neutralising

antibody response, not the full range of immune response or

clinical outcomes.1–10 We do not know how long immunity

lasts in such patients, and there is uncertainty about the

most reliable serological tests and cut-off values by which to

identify the responders and track the putatively neutralising

antibodies’ titres.

To address some of these questions, we prospectively anal-

ysed the anti-SARS-CoV-2 spike (S) protein immunoglobulin

G (IgG) titres over multiple time-points (TPs), and moni-

tored clinical outcomes [asymptomatic infections and coron-

avirus disease 2019 (COVID-19)], after two doses of 30 µg
3 weeks apart of BNT162b2 in 182 consecutive patients with

different malignancies [chronic myeloid leukaemia (CML),
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