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COVID-19 vaccine response
in patients with hematologic
malignancy: A systematic
review and meta-analysis

To the editor:

Hematologic malignancies encompass a group of heterogenous dis-

eases with variable effects on immune function, and the degree of

immune dysfunction may be further exacerbated by therapies used to

treat specific diseases. Emerging real-world data suggest that patients

with hematologic malignancy, particularly B-cell malignancies and

those receiving B-cell depleting therapies, likely do not elicit robust

immunologic responses following COVID-19 vaccination; however,

existing studies include modest sample sizes and uncertainty remains.

Thus, we performed a systematic review and meta-analysis aggregat-

ing data on anti-SARS-CoV-2 IgG antibody seroresponse (SR) to

COVID-19 vaccination in patients with hematologic malignancy.

PubMed and EMBASE were searched from January 1, 2021 to

November 4, 2021, to identify studies of vaccine immunogenicity fol-

lowing COVID-19 vaccination in patients with hematologic malig-

nancy (Supplementary Methods; Tables S1 and S2; Figure S1). The

primary outcomes were pooled SR in all studies, and pooled relative

benefit ratio (RB) compared to controls in studies with a comparator

group. Secondary outcomes were pooled SR and pooled RB by hema-

tologic malignancy subtype and treatment status and type. Pooled

estimates, RBs, along with 95% confidence intervals (CIs) were calculated

using a random-effects model using MetaXL and Review Manager 5.4.

Further details on data extraction and synthesis are provided in the

Supplementary Methods.

We identified 2205 unique publications, of which 64 studies met

inclusion criteria, comprising 8546 adult patients with hematological

malignancy (Table S3). Full results are provided in Supplementary

Results. Figure 1 provides a visual depiction of pooled SR and RB for

outcomes. Pooled SR of all included patients was 59% (95% CI 55%–

64%, with considerable heterogeneity I2 95%; Figure S2). RB when

compared to controls (either health care workers, healthy volunteers, or

age-matched cancer-free controls) in available reports was 0.61 (95% CI

0.55–0.66, I2 91%; Figure S3). SR varied according to hematologic

malignancy subtype with better responses seen in myeloid malignancies

(SR for myeloproliferative neoplasms [MPN] 81%, 95% CI 72%–89%;

SR for myelodysplastic syndrome [MDS] 63%, 95% CI 47%–78%; SR

for acute leukemias 83%, 95% CI 77%–89%), and lower responses

observed in lymphoid malignancies (SR for chronic lymphocytic leuke-

mia [CLL] 44%, 95% CI 35%–53%; SR for lymphoid malignancies

excluding CLL 52%, 95% CI 44%–61%; SR for plasma cell dyscrasias

[PCD] 72%, 95% CI 64%–79%) (Figures S9-S14). Patients with history

of stem cell transplant (SCT) had good SR of 79% (95% CI 75–82),

irrespective of allogeneic (78%) or autologous (88%) SCT (Figures S15).

In contrast, patients with a history of chimeric antigen receptor T-cell

(CAR-T) therapy had poor SR of 33% (95% CI 18–49) (Figures S16).

RB from studies with comparators showed similar findings

(Figures S17–S19).

Serologic responses were abrogated by cancer treatment, with SR

in patients receiving treatment 47% (95% CI 36%–58%) compared to

untreated SR 83% (95% CI 75%–90%), and RB of 0.38 (95% CI

0.25–0.58; Figure S4). This was particularly notable for prior anti-CD20

therapy with RB 0.16 (95% CI 0.08–0.30) when comparing receipt of

anti-CD20 therapy <9–12 months of vaccination to >9–12 months after

vaccination (Table S4 and Figure S5). Similarly, poor SR was observed in

patients receiving novel targeted therapies Bruton tyrosine kinase inhib-

itor (BTKi) or venetoclax (37%, 95% CI 22%–54%) and anti-CD38 ther-

apy (48%, 95% CI 27%–68%) (Figures S20 and S21).

E132 CORRESPONDENCE

mailto:graca.dores@fda.hhs.gov
http://www.fda.gov/medwatch
https://orcid.org/0000-0002-3985-2935
https://orcid.org/0000-0002-3985-2935
https://orcid.org/0000-0002-9094-9230
https://orcid.org/0000-0002-9094-9230


There were 10 studies reporting on T-cell responses and conflicting

results were observed. While some studies demonstrated concordance

between reduced T-cell response and low antibody response, particu-

larly in anti-CD20 treatment patients, others demonstrated the presence

of T-cell responses in patients without antibody response (Table S5).

We identified three studies reporting on SR following booster

(third) dose in hematologic malignancy patients. These studies demon-

strated that a booster dose could achieve SR up to 55% of patients

who were seronegative following initial vaccination series.1

Overall, our data support the rapidly emerging evidence demonstrat-

ing impaired humoral response following vaccination in hematologic

malignancy patients. Patients with B-cell malignancies, particularly CLL

and lymphoma, had the lowest SR. This likely reflects the disease-specific

biology which causes underlying immune dysfunction in many patients as

well as therapies used to treat lymphoid malignancies, including B-cell

depleting therapies such as anti-CD20 and BTK inhibitors. Indeed,

patients receiving treatment with B-cell depleting therapy had markedly

impaired antibody responses compared to noncancer controls and disease

patients, with reported SR ranging from 0% to 25% for those who

received anti-CD20 within 3 months of vaccination. Response rates fol-

lowing COVID-19 vaccination improved with the passage of time, with

higher serologic responses observed in those who received vaccination

more than 9–12 months following anti-CD20 therapy. These findings are

in keeping with prior studies suggesting that B-cell reconstitution follow-

ing anti-CD20 antibody treatment requires 9–12 months.2 Similarly, stud-

ies reporting on oral B-cell depleting therapies also observed impaired

antibody response, with reported SR ranging from 14% to 57%. Impor-

tantly, seroconversion from seronegative to seropositive following

booster vaccinations was evaluated in several studies, support the role of

this strategy in achieving seroconversion. Furthermore, a study evaluating

the kinetics of antibody titers demonstrated a rapid decline in titers from

36 days onward, and resulted in conversion from seropositive to seroneg-

ative in patients with hematologic malignancy while SR was conserved in

patients with solid malignancies.3 Collectively, these data support the use

of booster doses to achieve optimal serologic response in patients with

hematologic malignancy.

Although PCD can also suppress the immune system and affect nor-

mal B-cell function, patients with PCD had higher responses compared to

lymphoma and CLL. However, studies showed conflicting results in terms

of effect of antimyeloma therapy on serologic response. Several reports

observed impaired antibody response with anti-CD38 therapy, anti-B-cell

maturation antigen therapy, along with number of lines of therapy, while

F IGURE 1 Visual depiction of pooled
seroresponse (95% confidence intervals
shown are error bars) and relative benefit
ratios when compared to controls
following COVID-19 vaccination in
hematologic malignancy patients. Data are
presented by hematologic malignancy
subtype on the left and by treatment
status and type on the right for both

pooled response and relative benefit
ratios. CLL, chronic lymphocytic leukemia;
CAR-T, chimeric antigen receptor T cell
therapy; MDS, myelodysplastic syndrome;
MPN, myeloproliferative neoplasm; SCT,
stem cell transplantation
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other studies did not demonstrate a significant difference in SR when

comparing treated versus untreated patients. We postulate that these

conflicting results may be due to difficulty discerning specific treatment

regimen effects on serological response in MM patients given that anti-

myeloma therapy are usually given in combination incorporating several

drug classes (immunomodulators, proteasome inhibitors, alkylating agents,

steroids, and anti-CD38 therapy).

Patients with myeloid malignancies and their associated treat-

ment such as tyrosine kinase inhibitors, did not have blunted SR. SCT

recipients generally attained moderate to higher SR ranging from 50%

to 89%, although studies suggest reduced SR within 1 year of trans-

plantation (SR ranged between 20%–54% within 1 year of SCT

vs. 80%–91% ≥1 year of SCT as reported from two studies included

in this review). Albeit limited by sample size, CAR-T therapy was asso-

ciated with very poor serologic response. For these patients, ASH and

the American Society of Transplantation and Cellular Therapy advised

that COVID-19 vaccines should be offered to patients 3 months or

later following SCT and CART-T therapy.

There are several limitations to consider when interpreting results

of this study. We observed significant heterogeneity in reported out-

comes. This is likely due to several disease- and treatment-related fac-

tors including heterogeneous disease biology impacting on humoral

and cellular immune system, disease status, and type of therapy

received, particularly B-cell depleting therapies. To explore the het-

erogeneity, we conducted subgroup analysis based on hematologic

malignancy subtype; heterogeneity was reduced for acute leukemia

and SCT but remained high for other subtypes. Similarly, when analyz-

ing data based on treatment status, heterogeneity only slightly

reduced. As such, our pooled SR estimates should be interpreted with

caution and highlight the need for larger and more robust studies.

Another limitation is that most studies included in this systematic

review measured SR by using anti-SARS-CoV-2 spike protein IgG,

with only a small number of studies measuring neutralizing antibody

response. Although neutralizing antibody response is the gold stan-

dard for humoral response, with higher levels inferring protection,

recent studies demonstrate a high degree of correlation between neu-

tralizing antibody titers and IgG antibodies in both convalescent and

vaccinated individuals.4 Furthermore, among fully vaccinated

healthcare workers, breakthrough infections correlate with lower

levels of both anti-spike IgG antibodies and neutralizing antibodies,

compared to matched uninfected controls,5 supporting the impor-

tance of serologic response in protective immunity against COVID-19.

As outlined above, studies correlating humoral responses with T-cell

responses showed conflicting results with some studies demonstrat-

ing concordance (double negativity) while others demonstrated pres-

ence of T-cell responses in patients without humoral response. As

such, additional studies are needed to evaluate the relative impor-

tance of antibody and cellular responses to COVID-19 infection pro-

tection, and whether T-cell responses are sufficient to decrease

severity of COVID-19 disease in those without humoral response.

In summary, in this meta-analysis aggregating SR following

COVID-19 vaccination in patients with hematologic malignancy, the

lowest response was observed in lymphoid malignancies, particularly

those treated with anti-CD20 therapy, and other B-cell depleting

therapies. Emerging data correlating neutralizing antibody response to

anti-Sars-CoV-2 antibody levels and infection risk suggest that hema-

tologic malignancy patients without adequate antibody levels remain

at high risk of COVID-19 infection. Additional studies are urgently

needed to determine whether immunologic response can be improved

with tailored dosing and booster vaccination doses. Furthermore,

therapies such as anti-COVID-19 monoclonal antibodies and conva-

lescent serum should be evaluated in hematologic malignancy patients

as prophylactic and treatment modalities, particularly for those unable

to mount an immunologic response to vaccination.6
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Sequential next generation
sequencing analysis in
homogeneously treated low
risk NPM1-mutated acute
myeloid leukemia with an
adverse clinical outcome

To the Editor:

NPM1 is the most frequently mutated gene in adult acute myeloid

leukemia (AML), defining a distinct leukemia entity of the 2016 World

Health Organization classification. In the absence of FLT3-ITD or in

the case of co-occurrent FLT3-ITD with a low allelic ratio (AR <0.5), de

novo NPM1mut AML is classified as a low-risk AML by the European

Leukemia Net (ELN) guidelines.

However, a significant fraction of these patients eventually expe-

riences a poor outcome, with a documented relapse rate up to 50%.1

This heterogeneity of clinical outcome highlights the unmet clinical

need of identifying patients at high risk of relapse and then defining

personalized treatment strategy at diagnosis.

Aim of this study was to assess the presence of co-occurring

mutations and their clonal evolution at relapse in de novo low-risk

NPM1mut and FLT3-ITDneg AML, in order to gain insights into the

molecular pathogenesis of relapse mechanisms, through the applica-

tion of a deep targeted NGS protocol.

We performed the analysis at sequential time points in a cohort

of intensively treated adult patients who experienced NPM1mut

relapse after the achievement of a complete response (CR). We

focused on FLT3-ITDneg because several reports pointed out the pecu-

liar behavior of NPM1 and FLT3-ITD mutated AML regardless of the

ITD AR.2

Patients with a de novo low-risk NPM1mut and FLT3-ITDwt AML

diagnosed and treated at Division of Hematology, Fondazione IRCCS

Policlinico San Matteo, Pavia, Italy, were included in the study. This

study was approved by the local Ethics Committee. Between 2010

and 2020, 54 de novo low-risk NPM1mut FLT3-ITDneg AML patients

have been diagnosed at our institution (Figure S1). Clinical and biolog-

ical characteristics of the cohort and disease outcome are summarized

in Table S1. All patients received intensive chemotherapy with 3+7

regimen as per institutional standard. Response criteria defined by the

ELN recommendations were applied. We analyzed paired samples at

diagnosis, CR with molecular minimal residual disease (mMRD) persis-

tence, CR without mMRD (CRMRD�) and molecular or hematological

relapse.

Bone marrow DNA of diagnosis and hematological relapse was

analyzed by conventional NGS analysis with a custom TruSight Mye-

loid Sequencing Panel of 54 genes (Illumina, San Diego, CA)

sequenced on a MiSeq instrument, as previously published (see Sup-

plementary Methods) The average depth of coverage was 4.300�.

Bone marrow DNA of CRMRD- and CR with mMRD and molecular

relapse was analyzed by deep sequencing with the same gene panel

run on a HiSeq2500 instrument. The average depth of coverage was

63.470� (median coverage of NPM1 exon 11 was 34.000�, range

18.220–61.721�).

NPM1 mutation status was also tested in all samples by a standard-

ized RNA-based assay (MutaQuant™ Kit, Ipsogen). According to manu-

facture's statements, the analytical (limit of detection) was determined

on known low positive samples and found to be equal to 10.7 NPM1-A

copies (n = 52 measures), 15.7 NPM1-B copies (n = 36 measures), and

10.2 NPM1-D copies (n = 36 measures), respectively, corresponding to

approximately 0.009 NPM1-A copies, 0.008 NPM1-B copies, and

0.008 NPM1-D copies normalized to 100 ABL copies. A sample was

considered MRD positive when 2 of 3 replicates had Ct <40.

For mutation profiling details and statistical analysis see Supple-

mentary Material and Table S2.

After a median follow-up of 34 months (interquartile range [IQR]

9–60), the median overall survival was 43.4 months (IQR 10–not

reached) and the median relapse-free survival was 22 months (IQR 8–

90). A total of 24 patients (50%) eventually relapsed (20 hematological

and 4 molecular relapses), the observed relapse incidence is higher
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