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Abstract Background: Patients with cancer are considered a priority group for Severe Acute

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) vaccination given their high risk of con-

tracting severe Coronavirus Disease 2019 (COVID-19). However, limited data exist regarding

the efficacy of immunisation in this population. In this study, we assess the immunologic

response after COVID-19 vaccination of cancer versus non-cancer population.

Methods: PubMed, Cochrane Central Register of Controlled Trials (CENTRAL), and Web of

Science databases were searched from 01st March 2020 through 12th August 12 2021. Primary

end-points were anti-SARS-CoV-2 spike protein (S) immunoglobulin G (IgG) seroconversion

rates, T-cell response, and documented SARS-CoV-2 infection after COVID-19
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breakthrough

infections
immunisation. Data were extracted following the Preferred Reporting Items for Systematic

Reviews and Meta-analyses (PRISMA) guidelines. Overall effects were pooled using

random-effects models.

Results: This systematic review and meta-analysis included 35 original studies. Overall, 51%

(95% confidence interval [CI], 41e62) and 73% (95% CI, 64e81) of patients with cancer devel-

oped anti-S IgG above the threshold level after partial and complete immunisation, respec-

tively. Patients with haematologic malignancies had a significantly lower seroconversion

rate than those with solid tumours after complete immunisation (65% vs 94%; P < 0.0001).

Compared with non-cancer controls, oncological patients were less likely to attain seroconver-

sion after incomplete (risk ratio [RR] 0.45 [95% CI 0.35e0.58]) and complete (RR 0.69 [95%

CI 0.56e0.84]) COVID-19 immunisation schemes. Patients with cancer had a higher likeli-

hood of having a documented SARS-CoV-2 infection after partial (RR 3.21; 95% CI 0.35

e29.04) and complete (RR 2.04; 95% CI 0.38e11.10) immunisation.

Conclusions: Patients with cancer have an impaired immune response to COVID-19 vaccina-

tion compared with controls. Strategies that endorse the completion of vaccination schemes

are warranted. Future studies should aim to evaluate different approaches that enhance onco-

logical patients’ immune response.

ª 2021 Elsevier Ltd. All rights reserved.
1. Introduction Even though robust data confirm the safety and effi-
Since the Coronavirus Disease 2019 (COVID-19) was

first declared pandemic by the World Health Organi-

zation on 11th March 2020, the world has faced an

unprecedented socioeconomic and health crisis. By 24th

September 24, 2021, confirmed COVID-19 cases sur-
passed 230 million, and more than 4.7 million deaths

have been reported worldwide [1]. Patients with cancer

are a vulnerable group at increased risk of infection and

COVID-19-related morbidity and mortality compared

with the non-cancer population [2,3]. A 30-day mortal-

ity rate of 20e25% has been documented in this group

[4], which is substantially higher than the estimated

3e4% among the general population [5].
Although several therapies in the general population

such as dexamethasone, azithromycin, convalescent

plasma, antivirals, Janus kinase 1/2 inhibitor and

monoclonal antibodies have been explored in the

‘Randomised Evaluation of COVID-19 Therapy’

“RECOVERY”and ’COV-BARRIER’ studies, the vast

majority did not show a decrease in mortality rate or

length of hospitalisation [6,7]. A substantial proportion
of patients who were hospitalised died even when

receiving one of the few treatments that have shown

an improvement in the overall survival rate

(i.e. dexamethasone, tocilizumab and baricitinib) [6,8,9].

Thus, the development and widespread application of

COVID-19 vaccines represent the most effective strategy

for overcoming the current crisis [10]. Because cancer

itself is an independent risk factor for poor COVID-19
prognosis [11], international organisations such as the

National Comprehensive Cancer Network (NCCN), the

Asian Oncology Society and the European Society for

Medical Oncology have urged the prioritisation of

oncological patients for COVID-19 immunisation

[12e14].
cacy of Severe Acute Respiratory Syndrome Coronavirus

2 (SARS-CoV-2) vaccines’ in preventing COVID-19

among the general population [15,16], data about their

performance in oncological patients remain scarce.

Recent studies reporting on COVID-19 immunogenicity

using anti-SARS-CoV-2 spike protein (S) immunoglob-

ulin G (IgG) titres, a surrogate of humoural response that

has been correlated with neutralising antibodies [3,17],
have shown a suboptimal response after immunisation

in patients with cancer [18e20]. However, owing to the

exclusion and underrepresentation of patients with can-

cer in most COVID-19 vaccines’ clinical trials [21],

several gaps in knowledge persist regarding vaccines’

effectiveness, best timing for administration, extent and

durability of the attained immune response and safety

profile in this high-risk population [21]. To refine the
existing evidence, a systematic review and meta-analysis

were performed to assess seroconversion rates based on

anti-S IgG titres after partial and complete COVID-19

immunisation among oncological patients compared

with non-cancer participants.

2. Methods

This systematic review and meta-analysis were con-

ducted as per the Preferred Reporting Items for

Systematic Reviews and Meta-Analysis

(PRISMA) guidelines [22]. The complete protocol is

available at the International Prospective Register of

Systematic Reviews (PROSPERO) website (ID

CRD42021261974) [23].

2.1. Search strategy and selection criteria

A comprehensive literature search was performed for

abstracts and full-text articles published from 01st
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March 2020 through 12th August 2021 in PubMed,

Cochrane Central Register of Controlled Trials

(CENTRAL), and Web of Science databases, using the

following search strategy: (neoplasm* OR oncolog) OR

cancer OR malign)) AND (COVID-19 OR SARS-CoV-

2 OR coronavirus) AND (vaccin)) AND (immun) OR

sero) OR humoral). Retrieved articles were cross-

referenced to confirm that all eligible records were
identified.

Studies needed to satisfy the following inclusion

criteria: (1) assess the immune humoural response rate

in patients with cancer based on anti-S SARS-CoV-2

IgG; (2) report original findings (3) be in English,

Spanish or French language.

The following variables were recorded: first author;

year of publication; study design and methodology;
participants’ median/mean age; number of controls and

patients with cancer; type of malignancy (i.e. solid vs

haematological); proportion of patients with cancer

undergoing active treatment; type and number of

COVID-19 vaccine doses administered; type of anti-S

IgG immunoassay and threshold value used to define

‘vaccine responders’; proportion of cancer and non-

cancer participants classified as ‘vaccine responders’
and ‘vaccine non-responders’ and their mean/median

IgG titres; participants’ T-cell response and number of

documented COVID-19 cases after vaccination. Two

reviewers extracted the data in duplicate, and disagree-

ments were solved by a third author. For studies with

�1 publication or having a superimposable population,

only the largest study was included in the quantitative

analysis.
To assess the risk of bias, two reviewers indepen-

dently assessed the methodological quality of each study

using the Risk of Bias in Non-randomized Studies e of

Interventions (ROBINS-I) tool. Disagreements among

reviewers were solved by consensus.

2.2. Study objectives

The primary aim was to assess the proportion of

oncological patients classified as vaccine responders,

defined as the number of patients with anti-S SARS-

CoV-2 IgG levels above each individual study’s
threshold value versus controls. We hypothesised that

patients with haematological malignancies and those

with partial immunisation regimens would achieve

inferior immunogenicity after COVID-19 immunisa-

tion; thus, subgroup analyses assessing seroconversion

rates between patients with solid versus haematologic

malignancies, as well as partial and complete COVID-

19 vaccination regimens, were conducted. As secondary
outcomes, the proportion of documented SARS-CoV-2

infection and T-cell response after COVID-19 immu-

nisation in oncological and control subjects was

assessed.
2.3. Statistical analysis

The proportion of oncological patients who achieved
seroconversion and detectable T-cell response as well as

the percentage of patients diagnosed with SARS-CoV-2

infection after receiving at least one COVID-19 vaccine

were assessed using generalised linear mixed-effects

models of the logit-transformed proportions of indi-

vidual studies. Confidence intervals (CIs) of individual

studies were calculated with the Clopper-Pearson

method, whereas the Hartung-Knapp adjustment was
used to calculate the CI around the pooled effect.

Between-study variability (t2) was estimated by the

restricted maximum likelihood.

The effect size for binary outcomes is presented as

risk ratios (RRs) calculated with the Mantel-Haenszel

method, with a corresponding 95% CI as forest plots.

The method by Hartung-Knapp was used to adjust test

statistics and 95% CI. The corresponding prediction
intervals are also reported. Between-study variance was

estimated using the Paule-Mandel estimator for t2, and
heterogeneity between studies was assessed using the

Higgins’s I2 and Cochran’s Q tests. The relationship

between effect estimates and study precision was

assessed visually using funnel plots and the Harbord

score test. In case asymmetry was detected, a limit meta-

analysis was conducted to adjust for small-study effects.
Bivariate metaregressions were used to assess type of

COVID-19 vaccine (messenger ribonucleic acid [mRNA]

vs mRNA/viral vector), immunisation scheme (incom-

plete vs complete) and time from the last vaccine dose to

the serologic test (<3 vs � 3 weeks from the last dose) as

explanatory variables, in terms of the studies’ effect size

(outcome variable) when determining the pooled RR of

seroconversion rates. Sensitivity analyses were con-
ducted to assess studies evaluating only mRNA

vaccines and for studies with low-to-moderate risk of

bias. All statistical analyses were conducted using R

statistical software (version 4.1.0, R Project for Statis-

tical Computing) and RStudio software (version

1.4.1717, R Foundation for Statistical Computing). A

two-tailed P-value of <0.05 was considered significant.

3. Results

3.1. Systematic review and characteristics of the studies

The systematic literature search yielded 1821 records, of

which 1287 remained after duplicates were excluded.

After title and abstract review, 1233 records were

excluded given that they reported non-original findings,

did not include patients with cancer or did not assess
COVID-19 vaccines’ immunogenicity. Of the 54

articles that underwent full-text review, 35 articles

[17e20,24e46] were considered eligible and were

included in the meta-analysis (Fig. 1).



Fig. 1. The PRISMA flowchart summarising the process for the identification of eligible studies. Abbreviations: COVID-19, Coronavirus

Disease 2019; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Overall, 23 studies evaluated patients with haemato-

logical malignancies, five with solid tumours, and seven

included both cancer types. Twenty-six studies assessed

the effectiveness of mRNA, eight mRNA and viral

vector and one inactivated COVID-19 vaccines.

Regarding the COVID-19 immunisation regimen, nine

studies evaluated patients with incomplete vaccination

schemes, 15 assessed fully vaccinated patients, and 11
included both regimens. Only 18 studies had a control

group (non-cancer patients). Table 1 summarises the

characteristics of the studies included in the meta-

analysis. Most studies had a moderate risk of bias

(Supplemental eTable 1).

3.2. Anti-S Severe Acute Respiratory Syndrome

Coronavirus 2 immunoglobin G seroconversion rates

Of the included 35 studies, 20 reported the serocon-
version rate in patients with cancer after partial

COVID-19 immunisation (2574 patients)

[17,20,24e31,37,42e44,47e52] and 24 after complete

vaccination schemes (4708 patients) [17e20,27,30e42,
45,46,48,49,53,54]. A lower seroconversion rate was

achieved by those with incomplete vaccination regi-

mens (51%; 95% CI 41e62) compared with those

with patients who were fully immunised (73%; 95% CI

64e81) (P Z 0.0009) (Fig. 2).

A total of 17 studies that compared seroconversion

rates among oncological patients and non-cancer con-

trols (nine with incomplete and 13 with complete
immunisation schemes) were analysed. Compared with

controls, patients with cancer with an incomplete

vaccination scheme had a 55% reduced likelihood of

achieving anti-S IgG titres above the threshold level

(RR 0.45; 95% CI 0.35e0.58), whereas a 31% reduced

likelihood of seroconversion was documented among

those with a complete vaccination scheme (RR 0.69,

95% CI 0.56e0.84) (test for subgroup differences
P Z 0.0026) (Fig. 3). After adjusting for small-study

effects, the overall RR was 0.72 (95% CI 0.70e0.75) for

seroconversion in oncological patients receiving at least

one COVID-19 vaccine compared with controls

(Supplemental eFig. 1). Sensitivity analysis of 14

studies evaluating mRNA vaccines (seven with



Table 1
Characteristics of included studies and patient population.

Author Country Design No. of

cancer

patients

No.

of

controls

Patients’ age (years) Type of cancer Vaccine type Vaccine scheme Reported outcomes

Addeo et al. [17] Switzerland/USA Multicentre,

prospective, cohort

244 NA 63 (IQR 55e69) Haematological

malignancy and solid

tumour

mRNA (BNT162b2/

mRNA1273)

Incomplete and

complete

Anti-S IgG Ab, adverse

effects, SARS-CoV-2

infection

Agha et al. [41] USA Single-centre,

prospective, cohort

67 NA 71 (IQR 65e77) Haematological

malignancy

mRNA (BNT162b2/

mRNA1273)

Complete Anti-S IgG Ab

Barrière et al.

[42]

France Single-centre,

prospective, cohort

122 29 69.5 (range 44e90) Solid tumour mRNA (BNT162b2) Incomplete and

complete

Anti-S IgG Ab, adverse

effects

Benda et al. [37] Austria Single-centre,

prospective, cohort

259 NA 65.1 (SD 12.2) Haematological

malignancy and solid

tumour

mRNA (BNT162b2) Incomplete and

complete

Anti-S IgG Ab, adverse

effects, SARS-CoV-2

infection

Benjamini et al.

[53]

Israel Multicentre,

prospective, cohort

373 NA 70 (range 40e89) Haematological

malignancy

mRNA (BNT162b2) Complete Anti-S IgG Ab, anti-N

IgG Ab, adverse effects

Bird et al. [43] UK Single-centre,

retrospective, cohort

93 NA 67 (IQR 59e73) Haematological

malignancy

mRNA (BNT162b2)

and viral vector

(AZD1222)

Incomplete Anti-S IgG Ab

Chowdhury et al.

[44]

UK Multi-centre,

prospective, cohort

59 232 62 (IQR 52e73) Haematological

malignancy

mRNA (BNT162b2)

and viral vector

(AZD1222)

Incomplete Anti-S IgG Ab, anti-N

IgG Ab

Cohen et al. [45] Israel Single-centre,

prospective, cohort

54 NA 68.8 (IQR 61.2

e76.8)
Haematological

malignancy

mRNA (BNT162b2) Complete Anti-S IgG Ab, adverse

effects

Ehmsen et al. [54] Denmark Single-centre,

prospective

524 NA 70 (IQR 63e75) Haematological

malignancy and solid

tumour

mRNA Complete Anti-S IgG Ab, T-cell

response

Ghandili et al.

[47]

Germany Single-centre,

prospective, cohort

74 NA 67.5 (range 40e85) Haematological

malignancy

mRNA and viral

vector

Incomplete Anti-S IgG Ab, SARS-

CoV-2 infection

Ghione et al. [46] USA Multicentre,

prospective, cohort

86 201 NA Haematological

malignancy

mRNA (BNT162b2/

mRNA1273) and

viral vector

(AD26.COV2.S)

Complete Anti-S IgG Ab

Goshen-Lago

et al. [24]

Israel Single-centre,

prospective, cohort

86 261 66 (SD 12.09) Solid tumour mRNA (BNT162b2) Incomplete Anti-S IgG Ab, adverse

effects, SARS-CoV-2

infection

Greenberger

et al. [36]

USA Prospective, cohort 1445 NA 68 (range 16e110) Haematological

malignancy

mRNA (BNT162b2/

mRNA1273)

Complete Anti-S IgG Ab

Guglielmelli et al.

[51]

Italy Single-centre,

retrospective, cohort

30 14 60.8 (range 36.9

e80.3)

Haematological

malignancy

mRNA (BNT162b2/

mRNA1273)

Incomplete Anti-S IgG Ab

Harrington,

Lavallade

et al. [25]

UK Single-centre,

prospective, cohort

21 NA 55 (SD 10.71) Haematological

malignancy

mRNA (BNT162b2) Incomplete Anti-S IgG Ab, anti-N

IgG Ab, NAb, T-cell

response, adverse effects

Harrington,

Doores et al.

[26]

UK Multicentre,

prospective, cohort

16 NA 45.6 (SD 14.8) Haematological

malignancy

mRNA (BNT162b2) Incomplete Anti-S IgG Ab, anti-N

IgG Ab, NAb, T-cell

response, adverse effects
(continued on next page)
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Table 1 (continued )

Author Country Design No. of

cancer

patients

No.

of

controls

Patients’ age (years) Type of cancer Vaccine type Vaccine scheme Reported outcomes

Herishanuet al

[19]

Israel Multicentre,

prospective, cohort

167 52 71 (IQR 63e76) Haematological

malignancy

mRNA (BNT162b2) Complete Anti-S IgG Ab, anti-N

IgG Ab, adverse effects

Heudel et al. [52] France Prospective, cohort 1503 NA NA Haematological

malignancy and solid

tumour

mRNA (BNT162b2/

mRNA1273) and

viral vector

(ChAdOx1)

Incomplete and

complete

Anti-S IgG Ab, SARS-

CoV-2 infection

Karacin et al.

[35]

Turkey Multicentre,

prospective, cohort

47 NA 73 (range 64e80) Solid tumour Inactivated

(CoronaVac)

Complete Anti-S IgG Ab

Lim et al. [27] UK Multicentre,

prospective, cohort

129 150 69 (IQR 57e74) Haematological

malignancy

mRNA (BNT162b2)

and viral vector

(ChAdOx1)

Incomplete and

complete

Anti-S IgG Ab, anti-N

IgG Ab

Malard et al. [40] France Single-centre,

retrospective, cohort

195 30 68.8 (range 21.5

e91.7)

Haematological

malignancy

mRNA (BNT162b2) Complete Anti-S IgG Ab, T-cell

response

Maneikis et al.

[28]

Lithuania Single-centre,

prospective, cohort

857 68 65 (IQR 54e72) Haematological

malignancy

mRNA (BNT162b2) Incomplete and

complete

Anti-S IgG Ab, adverse

effects, SARS-CoV-2

infection

Massarweh et al.

[18]

Israel Single-centre,

prospective, cohort

102 78 66 (IQR 56e72) Solid tumour mRNA (BNT162b2) Complete Anti-S IgG Ab

Monin et al. [20] UK Multicentre,

prospective, cohort

151 54 73 (IQR 64.5e79.5) Haematological

malignancy and solid

tumour

mRNA (BNT162b2) Incomplete and

complete

Anti-S IgG Ab, T-cell

response, adverse

effects, SARS-CoV-2

infection

Palich et al. [29] France Single-centre,

prospective, cohort

110 25 66 (IQR 54e74) Solid tumour mRNA (BNT162b2) Incomplete Anti-S IgG Ab, anti-N

IgG Ab

Parry et al. [48] UK Single-centre,

prospective, cohort

286 93 69 (IQR 63e74) Haematological

malignancy

mRNA (BNT162b2)

and viral vector

(ChAdOx1)

Incomplete and

complete

Anti-S IgG Ab

Pimpinelli et al.

[30]

Italy Single-centre,

prospective, cohort

92 36 74 (range 47e78) Haematological

malignancy

mRNA (BNT162b2) Incomplete and

complete

Anti-S IgG Ab, adverse

effects, SARS-CoV-2

infection

Pimpinelli,

Marchesi

et al. [50]

Italy Single-centre,

prospective

42 NA 72 (range 52e82) Haematological

malignancy

mRNA (BNT162b2) Incomplete Anti-S IgG Ab

Re et al. [39] France Prospective, cohort 45 NA 77 (range 37e92) Haematological

malignancy

mRNA (BNT162b2) Complete Anti-S IgG Ab, anti-N

IgG Ab, T-cell response

Revon-Riviere

et al. [31]

France Single-centre,

retrospective, cohort

13 NA 17 (IQR 16e18) Haematological

malignancy and solid

tumour

mRNA (BNT162b2) Incomplete and

complete

Anti-S IgG Ab, adverse

effects, SARS-CoV-2

infection

Re, Barrière et al.

[38]

France Single-centre,

retrospective, cohort

102 NA 75.5 (range 33e93) Haematological

malignancy

mRNA (BNT162b2/

mRNA1273)

Complete Anti-S IgG Ab

Stampfer et al.

[49]

USA Single-centre,

prospective, cohort

103 31 68 (range 35e88) Haematological

malignancy

mRNA (BNT162b2/

mRNA1273)

Incomplete and

complete

Anti-S IgG Ab, SARS-

CoV-2 infection
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incomplete and 10 with complete schemes)

(Supplemental eFig. 2) and studies with low-to-

moderate risk of bias showed similar results

(Supplemental eFig. 3).

Meta-regression analyses revealed that incomplete

immunisation scheme was a risk factor for lower sero-

conversion among patients with cancer (RR 0.65, 95%

CI 0.50e0.86; PZ 0.003). No significant association was
found for vaccine type and time from the last vaccine

dose to the serologic test (Supplemental eTable 2).

A subgroup analysis was performed including six

studies that assessed seroconversion rates among pa-

tients with solid malignancies compared with non-

cancer controls. Four studies assessed patients with

incomplete vaccination schemes [20,24,29,42], with a

total of 359 oncological patients and 333 controls.
Compared with non-cancer controls, patients with solid

cancer had a 55% reduced likelihood of achieving

threshold humoural response after the first dose of a

COVID-19 vaccine (RR 0.45; 95% CI 0.37e0.55).

Moreover, in studies evaluating 297 patients with cancer

who had completed their vaccination regimen

[18,20,32,42], a lower seroconversion rate was docu-

mented when compared with 140 controls (RR 0.95;
95% CI 0.92e0.99) (Fig. 4).

In a subgroup analysis of 13 records evaluating

humoural seroconversion rates in patients with haema-

tological malignancies compared with non-cancer con-

trols, six included patients with a partial immunisation

regimen [20,27,30,44,48,51], seven with a complete

scheme [19,32e34,40,46,49] and four with both partial

and complete vaccination [20,27,30,48]. In the incom-
plete immunisation scheme analysis, of the 997 included

participants (523 oncological patients and 474 controls),

patients with cancer had a 57% reduced likelihood of

achieving an adequate humoural response compared

with non-cancer controls (RR 0.43; 95% CI 0.29e0.63).

Similarly, in the fully vaccinated analysis, patients with

haematological malignancies had lower seroconversion

rates than non-cancer controls (RR 0.63; 95% CI
0.52e0.75) (Fig. 5).

When comparing serological response between types

of malignancies after partial immunisation, patients with

haematological cancer achieved a numerically lower

response (49%; 95% CI 35e63) than those with solid

tumours (53%; 95% CI 33e72) (P Z 0.183) (Fig. 6).

When analysing serological response after complete

immunisation regimens, patients with haematologic
malignancies had a significantly reduced humoural

response (65%; 95% CI 57e72) than those with solid

cancer (94%; 95% CI 86e97) (P < 0.001) (Fig. 7).

3.3. Severe Acute Respiratory Syndrome Coronavirus 2

infection after vaccination

In a pooled analysis of 14 studies including patients

with haematological or solid malignancies



Fig. 2. Rates of seroconversion in patients with cancer as per the vaccination regimen. Squares represent indirect effect size (Risk ratio [RR]).

Horizontal lines indicate 95% Confidence Interval (CI). Diamonds indicate the meta-analytic pooled RR, calculated separately by

vaccination scheme (i.e., partial or complete), and the overall pooled RR (95%CI) in patients with cancer.
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[17,20,24,28e31,33,34,37,42,47,49,52], a subsequent

SARS-CoV-2 infection was documented in 0.78%

(95% CI 0.18e3.26; I2 Z 33%) of the 1444 patients

with a partial COVID-19 vaccination regimen and in
0.41% (95% CI 0.09e1.89; I2 Z 51.5%) of the 3000

patients with a complete vaccination regimen

(P Z 0.4976). Overall, patients with cancer had a

0.55% (95% CI 0.20e1.5; I2 Z 59.5%) likelihood of



Fig. 3. Rates of seroconversion in oncological patients versus non-cancer controls as per vaccination scheme. Squares represent indirect effect

size (Risk ratio [RR]). Horizontal lines indicate 95% Confidence Interval (CI). Diamonds indicate the meta-analytic pooled RR, calculated

separately by vaccination scheme (i.e., partial or complete), and the overall pooled RR (95%CI) in patients with cancer.
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SARS-CoV-2 infection after being immunised with at
least one dose of COVID-19 vaccines. Moreover,

when compared with non-cancer controls, oncolog-

ical patients had a tendency towards increased

documented SARS-CoV-2 infection after partial (RR

3.21; 95% CI 0.35e29.04) and complete COVID-19

immunisation (RR 2.04; 95% CI 0.38e11.10)

(Fig. 8).

3.4. Anti-S Severe Acute Respiratory Syndrome

Coronavirus 2 immunoglobin G antibody titres

No meta-analysis was conducted regarding anti-S IgG

titres owing to the wide heterogenicity in serological
immunoassays used in the eight studies reporting data

on this outcome for both patients and controls

(Supplemental eTable 3) [18,19,28,29,33,34,42,44].

Overall, lower anti-S IgG titres were documented
in patients with cancer after partial and complete
immunisation among individual studies.

3.5. T-cell response among oncological patients

A pooled analysis of six studies [20,25,26,39,40,54]

including 84 patients with incomplete and 634 with

complete vaccination regimens showed that 78% (95%
CI 30e97) and 60% (95% CI 30e84) developed an

adequate T-cell response, respectively (Supplemental

eFig. 4).

4. Discussion

To the best of our knowledge, this is the first systematic

review and meta-analysis assessing the immunogenicity

of COVID-19 vaccines in the oncological population.

Results of this meta-analysis demonstrate that patients



Fig. 4. Rates of seroconversion in patients with solid malignancies versus non-cancer controls as per vaccination scheme. Squares represent

indirect effect size (Risk ratio [RR]). Horizontal lines indicate 95% Confidence Interval (CI). Diamonds indicate the meta-analytic pooled

RR, calculated separately by vaccination scheme (i.e., partial or complete), and the overall pooled RR (95%CI) in patients with cancer.

A. Becerril-Gaitan et al. / European Journal of Cancer 160 (2022) 243e260252
with cancer have a lower likelihood of attaining

acceptable immune response after COVID-19 immuni-
sation when compared with non-cancer patients. How-

ever, despite the suboptimal seroconversion rates

observed in this group, a notable increase in humoural

response was documented among patients with cancer

who completed a COVID-19 vaccination regimen.

The low humoural immune response mounted by

oncological patients after being vaccinated against

SARS-CoV-2 is of utmost importance owing to their
higher risk of developing severe disease with consequent

poor prognosis if infected [4,11,55,56]. Immunisation

against COVID-19 has been widely recommended

among patients with cancer, regardless of the site of

disease, setting and type of treatment, as its benefits

outweigh the potential risks [55,57]. Oncological pa-

tients should be encouraged to adhere to COVID-19

prevention guidelines and complete their vaccination
schemes after the recommended intervals between doses

(i.e. three or four weeks for mRNA vaccines). As shown

by this meta-analysis, a substantial proportion of pa-

tients with cancer do not mount an appropriate immu-

nological response after partial vaccination and could be

at a relatively high risk of infection and severe COVID-

19 when delaying the second dose.

Furthermore, despite patients with cancer having a
higher risk of SARS-CoV-2 infection after vaccination

compared with controls, only 0.55% of patients devel-

oped COVID-19 after being immunised. These findings

are encouraging as they highlight that even though this
population has a lower likelihood of mounting an

adequate immune response after vaccination, their risk
of infection may drop significantly after being vacci-

nated. However, conclusions should be cautiously drawn

as the low rate of infection documented in each study

may be influenced by the epidemic burden of COVID-19

across countries and specific time points, as well as the

underestimation of SARS-CoV-2 cases owing to the lack

of testing in asymptomatic participants, which could be

as high as 20% [58], and to an inadequate follow-up.
Growing evidence suggests that among patients with

cancer, those with haematological malignancies are less

likely to develop robust anti-S IgG after SARS-CoV-2

vaccination owing to immunosuppression induced by

disease-related lineage defects and its treatments

[3,17,35,36]. Consistently, when stratifying by type of

cancer, we observed that patients with haematological

malignancies had the highest risk of being non-
responders after complete COVID-19 vaccination.

Furthermore, oncologic regimens based on monoclonal

antibodies (anti-CD20, anti-CD38), Bruton tyrosine

kinase inhibitor, Bcl-2 inhibitor, Janus Kinase 1/

2 inhibitors and chimeric antigen receptor T-cell therapy

have been associated with lower seroconversion rates

[17,19,27e29,33,34,38e40,42,44e48,51,53,54]. Of note,

monoclonal antibodies (i.e. anti-CD20) might not only
blunt B-cell response by decreasing the neutralising an-

tibodies titres but may also affect patients’ T-cell im-

munity [3,17,36,58]. Thus, a markedly reduced response

to COVID-19 immunisation could be expected in



Fig. 5. Rates of seroconversion in patients with haematological malignancies versus non-cancer controls as per vaccination scheme. Squares

represent indirect effect size (Risk ratio [RR]). Horizontal lines indicate 95% Confidence Interval (CI). Diamonds indicate the meta-

analytic pooled RR, calculated separately by vaccination scheme (i.e., partial or complete), and the overall pooled RR (95%CI) in pa-

tients with cancer.
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patients receiving therapeutic agents that interfere with

humoural and cellular response.

Recent data suggest that among patients with sub-

optimal humoural immunogenicity to COVID-19 vac-

cines a substantial proportion developed T-cell

response, most likely owing to cross-reactivity to other
human coronaviruses [58]. Although new evidence from

the Vaccination Against COVID in Cancer (VOICE)

and Coronavirus Disease 2019 Antiviral Response in a

Pan-tumor Immune Monitoring (CAPTURE) trials

have shown that chemotherapy was not a significant

predictor for suboptimal immunogenicity in patients

with solid tumours [58,59], numerous studies have

documented the potential detrimental impact that
chemotherapy could have in seroconversion rates after

COVID-19 immunisation in patients with cancer

[17,18,20,25,30,33,35,38,41,46,54]. Further studies with

sufficient statistical power to evaluate the influence of

different oncological treatments on COVID-19 vaccine

immunogenicity among patients with solid and haema-

tological malignancies are warranted.
The optimal approach for administering COVID-19

vaccines among patients with higher risk of non-

responsiveness remains unclear. As per NCCN guide-

lines, only patients with stem cell transplant and those

receiving cellular therapy should wait for at least three

months after finishing the therapy to get vaccinated
against COVID-19, otherwise, patients with cancer

should get vaccinated as soon as they can [57]. However,

the administration of anti-CD20 monoclonal antibodies

within 12 months and chemotherapy within four weeks

before vaccination could diminish patients’ immune

response [17,19,27,28,38e40,58,59]. Thus, oncologists

should warn patients, particularly those with haemato-

logical malignancies such as leukaemia, lymphoma,
multiple myeloma and those who received COVID-19

vaccines while being under these treatments that they

might not have an appropriate protection against

SARS-CoV-2 wild-variant and variants of concern [58].

Several studies have already demonstrated the bene-

fits of a booster COVID-19 vaccine dose after comple-

tion of the standard immunisation scheme among



Fig. 6. Rates of seroconversion in patients with haematological versus solid malignancies and incomplete COVID-19 vaccination regimen.

Squares represent indirect effect size (Risk ratio [RR]). Horizontal lines indicate 95% Confidence Interval (CI). Diamonds indicate the

meta-analytic pooled RR, calculated separately by vaccination scheme (i.e., partial or complete), and the overall pooled RR (95%CI) in

patients with cancer. COVID-19, Coronavirus Disease 2019.
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immunocompromised and patients with cancer

[39,60e64]. Therefore, health authorities in France,

Israel, Germany and the United Kingdom have issued

statements advocating for a booster vaccine dose in

immunocompromised patients [17]. In addition, the

Food and Drug Administration and the Centers for

Disease Control and Prevention have recently author-

ised the administration of a homologous booster dose
for solid organ transplant recipients and those with an

equivalent level of immunosuppression [65,66]. The

implementation of this strategy has demonstrated a

significant increase in patients’ humoural response

[39,61,62,64]. Nonetheless, a substantial proportion of

the evaluated patients did not attain seroconversion

even after receiving a third dose, which could limit the
benefits of homologous booster vaccination for immu-

nocompromised patients [39,60e62,64].

Another promising strategy that has gained interest

for enhancing patients’ immune response after COVID-

19 vaccination is the use of heterologous vaccine regi-

mens. Recent studies assessing this approach among the

general population have yielded encouraging results,

reporting higher anti-S IgG titres and neutralising an-
tibodies against certain SARS-CoV-2 variants of

concern, as well as an increased CD4 T-cell response

compared with homologous COVID-19 vaccine regi-

mens [67e70]. Clinical investigators, industry and reg-

ulatory stakeholders should encourage the development

of clinical and observational studies such as the

COVID-19 Vaccine Cohort in Specific Populations



Fig. 7. Rates of seroconversion in patients with haematologic versus solid malignancies and complete COVID-19 vaccination regimen. Squares

represent indirect effect size (Risk ratio [RR]). Horizontal lines indicate 95% Confidence Interval (CI). Diamonds indicate the meta-

analytic pooled RR, calculated separately by vaccination scheme (i.e., partial or complete), and the overall pooled RR (95%CI) in pa-

tients with cancer. COVID-19, Coronavirus Disease 2019.
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(COV-POPART) study [71] that aims to evaluate

different immunisation approaches in the oncological
population, including the use of booster doses and het-

erologous vaccination schemes.

As the most effective strategy for tackling the burden

imposed by the COVID-19 pandemic, immunisation

should be particularly encouraged among the oncolog-

ical population. Efforts should also be focused on

increasing the available information regarding the

effectiveness, safety profile and benefits of COVID-19
vaccination among patients with cancer. Moreover, the

promotion of vaccine literacy and the active participa-
tion of oncologists and other health-care workers should

be emphasised, as these remain key to increase patients’

acceptance and adherence to the recommended vacci-

nation schemes [72e75]. Despite several countries hav-

ing removed restrictions such as the use of face masks

and social distancing for those that have completed their

COVID-19 vaccination scheme, these measures should

be taken cautiously and should not be extended



Fig. 8. Rates of SARS-CoV-2 infection in oncological patients after vaccination compared with controls. Squares represent indirect effect size

(Risk ratio [RR]). Horizontal lines indicate 95% Confidence Interval (CI). Diamonds indicate the meta-analytic pooled RR, calculated

separately by vaccination scheme (i.e., partial or complete), and the overall pooled RR (95%CI) in patients with cancer. SARS-CoV-2,

Severe Acute Respiratory Syndrome Coronavirus 2.
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automatically to all patients with cancer in whom vac-

cine effectiveness is not comparable to that of the gen-

eral population.

5. Limitations

Among the limitations of this meta-analysis, it should be

considered that the number of included studies, as well

as the heterogeneity across them regarding patient and
control characteristics, patients’ type of malignancy and

treatment, immunogenicity assessment and type of

vaccine, may limit the generalisation of the results. It is

particularly important to highlight that the included

studies are observational and subject to potential sour-

ces of bias, such as selection bias or confounding, that

cannot be adjusted through meta-analytical techniques.

All included studies evaluated anti-S IgG as a surrogate
for COVID-19 immunogenicity, and just a few assessed

cellular response or SARS-CoV-2 infection after vacci-

nation. However, owing to the high sensitivity and

specificity of most immunoassays and the minimal

likelihood of infection in immunised patients, it is

reasonable to expect that anti-S IgG levels correlate with

neutralising antibodies against SARS-CoV-2 [17], thus

allowing for an adequate COVID-19 effectiveness eval-
uation. Owing to the substantial heterogeneity in im-

munoassays and threshold values for anti-S IgG

measurements, differences in mean titres

between patients with cancer and controls could not be
compared. The present results have limited general-

isability to COVID-19 vaccines different from mRNA

Pfizer-BioNTech (BNT162b2), as only a few studies

included patients who received other types of vaccines.

Although the type of treatment administered in parallel

with a COVID-19 vaccine could play an important role

in the degree of humoural and cellular responses
attained by oncological patients, the lack of sufficient

data did not allow to perform subgroup analyses in this

regard. Finally, an important amount of funnel plot

asymmetry was detected, particularly towards the null

hypothesis. However, the difference in seroconversion

rates between patients with cancer and controls

remained significant after adjusting the pooled effect by

limit meta-analysis. As the number of studies in onco-
logical patients increases, robust methodologies to

explore the sources of heterogeneity should be imple-

mented, such as meta-regression, which could help refine

our current estimates.

6. Conclusion

This systematic review and meta-analysis suggest that

oncological patients attain a lower immunological

response when compared with non-cancer controls.
Even after completing the immunisation scheme, pa-

tients with haematological and solid malignancies

showed inferior seroconversion rates than those without

cancer. Despite this suboptimal immunologic response,
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SARS-CoV-2 infection was documented only in a small

percentage of immunised cancer patients. Studies

focussing on strategies to enhance the immune response

among oncological patients are urgently warranted, as

well as those evaluating the effectiveness, feasibility and

optimal timing for this population to receive a booster

dose after completing the COVID-19 immunisation

regimen.
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