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Letter to the Editor

Serological response to COVID-19 vaccine and its predictors in
patients with solid malignancies: A systematic review and
meta-analysis of 16 cohort studies

Dear Editor,

We read with interest the article of Marra et al,! who evaluated
the short-term effectiveness of the COVID-19 mRNA vaccine in im-
munocompromised patients. They found that a reduced immune
response to the COVID-19 mRNA vaccine was present in patients
with solid organ transplant and malignant diseases compared to
controls. Patients with solid malignancies are often immunocom-
promised, so we will further explore serological response to the
COVID-19 vaccine in patients with solid malignancies.

At present, the latest data show that the safety and effective-
ness of COVID-19 vaccine have been fully verified in the general
population.? but evidence regarding its performance is insufficient
in cancer patients, as cancer patients are mostly excluded in vac-
cine trials. Patients with haematological malignancies are less im-
munogenic to the COVID-19 vaccine than patients with solid ma-
lignancies.? However, relevant studies on the effectiveness of the
COVID-19 vaccine in patients with solid malignancies are still lim-
ited, and most of them are small samples. Despite the growing
immunogenicity data on patients with solid malignancies, the as-
sessment of serological response to COVID-19 vaccine in patients
with solid malignancies receiving active treatment is not com-
pletely conclusive.

To gain a more definitive understanding of the effect of COVID-
19 vaccine in patients with solid malignancies. Here, we aimed
to conduct this meta-analysis to integrate findings to determine
the serological response to COVID-19 vaccine in patients with solid
malignancies and the predictors of poor seroconversion.

The study was reported according to PRISMA and
MOOSE guidelines and has been registered with PROSPERO
(CRD42022359242). PubMed, Cochrane Library and EMBASE were
searched from inception to 13 September 2022 using medical sub-
ject headings terms or keywords related to “Cancer”, “COVID-19
vaccine”, “Cohort study”, “Prospective study”. The inclusion criteria
were as follows: (1) The study was a prospective or retrospective
cohort study; (2) Studies have evaluated the serological response
of patients with solid malignancies to COVID-19 vaccine and the
predictors of poor seroconversion; (3) Corresponding RRs and 95%
confidence intervals (Cls) are available.

Literature quality was assessed according to the Newcastle Ot-
tawa scale (Supplementary Material 1). The main outcome was
the serological response rate of patients with solid malignancies
to COVID-19 vaccine (the first dose and the second dose). The sec-
ondary outcome was the effect of age, sex, metastasis, chemother-
apy, immunotherapy, targeted therapy and endocrine therapy on
the serological response rate after COVID-19 vaccine. Revman

https://doi.org/10.1016/j.jinf.2022.11.012

(version 5.3.3; the Cochrane Collaboration) were selected for
analysis.

A total of 16 prospective cohort studies with 4274 patients with
solid malignancies were included (Table 1; Supplementary Material
2). Cohorts were of European (including Italy, Britain, France) and
Asian (including Turkey, Israel, Iran) origin.

The meta-analysis indicated that the pooled proportion of pa-
tients with solid malignancies achieving a serological response
after one dose of COVID-19 vaccine was (30%, 95%Cl: 22%-41%,
P<0.01) (Fig. 1A). sensitivity analysis was performed to exclude
the heterogeneity and the pooled results were (42%, 95%Cl: 37%-
48%, P<0.01). According to the subgroup analysis of vaccine type,
the serological response rates were CoronaVac combined with
BNT162b2 (17.0%), BNT162b2 (31.0%), and AZD1222 combined with
BNT162b2 (44.0%), respectively. (Supplementary Material 3A).

The meta-analysis indicated that the pooled proportion of pa-
tients with solid malignancies after two doses of COVID-19 vaccine
achieving a serological response was (79%, 95%Cl:73%-85%, P<0.01)
(Fig. 1B-1C). sensitivity analysis was performed to exclude hetero-
geneity and the pooled results were (86%, 95%Cl:84%-87%, P<0.01).
According to the subgroup analysis of vaccine type, the serological
response rates were CoronaVac combined with BNT162b2 (44.0%),
BNT162b2 combined with mRNA-1273 (85.0%), BNT162b2 (79.0%),
AZD1222 combined with BNT162b2 (85.0%), CoronaVac (85.0%),
and BNT162b2 as well as mRNA-1273 combined with AZD1222
(94.0%), respectively. (Supplementary Material 3B).

The meta-analysis indicated that age (RR=0.96, 95%Cl: 0.94-
0.98, P<0.01), chemotherapy (RR=0.34, 95%CI: 0.24-0.50, P<0.01),
endocrine therapy (RR=0.15, 95%Cl: 0.03-0.86, P=0.03) reduced the
serological response rate to COVID-19 vaccine, while no significant
association was observed between sex, immunotherapy, targeted
therapy and metastatic disease. (Supplementary Material 4).

In this study, we found that only 42% of patients with solid
malignancies achieved serological response to one dose of COVID-
19 vaccine, which rose to 86% after two doses. In terms of can-
cer treatment strategies, we also found that chemotherapy and en-
docrine therapy were negatively correlated with the seroconver-
sion to the COVID-19 vaccine.

A previous study? found that the serological response rate of
cancer patients under 60 years old after receiving two doses of
COVID-19 vaccine was 84.1%, while that of patients over 60 years
old was 59.3%, which was similar to our results. Our study found
that with the increase of age (RR=0.96, 95%CI: 0.94-0.98, P<0.01),
the serological response rate of patients with solid malignancies
gradually decreased. This may be related to the poor general condi-
tion of elderly cancer patients, because elderly cancer patients are
usually accompanied by complications. In addition, the unrespon-
siveness of the immune system in cancer patients of advanced age
has also contributed to their greater risk of death after COVID-19
infection.”

0163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Baseline characteristics and outcomes of the 16 cohorts included in the meta-analysis.
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First author

Year

Country

Patient numbers and description

Vaccine
dose

Vaccine type

Age
(years)

Sex
(Male%)

Risk factors

Amatu

Cavanna

Di Noia

Erdogan

Fendler

Fenioux

Goshen-Lago

Gounant

Margalit

Massarweh

Monin

Palich

Shmueli

Waldhorn

Webber

Yasin

2022

2021

2021

2022

2021

2022

2021

2022

2022

2022

2021

2021

2021

2021

2021

2022

Italy

Italy

Italy

Turkey

Britain

France

Israel

France

Iran

Israel

Britain

France

Israel

[srael

Italy

Turkey

171 solid malignancies (Colorectal 24.6%, Breast
21.1%, Non-small cell lung 15.8%, Ovarian 7.6%,
Pancreatic 7.0%, Stomach 7.0%, Others 16.9%)
257 solid malignancies (Gastrointestinal 26.1%,
Breast 27.2%, Lung 13.2%, Gynaecological 9.7%,
Other 23.7%)

816 solid malignancies (Breast 30.6%, Lung
20.6%, Melanoma 14.7%, Gastrointestinal 8.6%,
Gynecologic 5.6%, Genitourinary 10.9%, Sarcoma
6.6%, Head-neck 1.1%, Cerebral 0.4%, NE tumor
0.9%)

218 solid malignancies (Head/neck 2.8%,
Gastrointestinal 21.1%, Genitourinary 16.5%,
Breast 46.8%, Thoracic cavity 6.0%, Rare tumors
and others 6.9%)

446 solid malignancies (Genitourinary 21%, Skin
20%, Gastrointestinal 19%, Thoracic 14%, Breast
12%, Gynaecological 6%, Head and Neck 3%,
Other 5%)

163 solid malignancies (Digestive 41%, Urologic
25%, Breast 31%, Others 3%)

232 solid malignancies (Gastrointestinal 27%,
Breast 18%, Genitourinary 21%, Gynecologic 5%,
Head and neck 5%, Lung 19%, Melanoma 2%,
Neurologic 2%, Sarcoma 1%)

306 solid malignancies (Lung Non-SCC 68.9%,
Lung SCC 16%, Lung NSCLC 84.9%, Lung SCLC
7.2%, Pleural mesothelioma 4.2%, Others 3.5%)
93 solid malignancies (Gastrointestinal 43.0%,
Breast 24.7%, Lung 9.7%, Melanoma 10.8%,
Genitourinary 7.5%, Others 4.3%)

17 solid malignancies (Glioblastoma 76%,
Anaplastic astrocytoma 12%, Oligodendroglioma
6%, Atypical meningioma 6%)

95 solid malignancies (gynaecological, breast
35%, Urological cancers 16%, Skin cancers 13%,
Thoracic malignancies 22%, Gastrointestinal
cancers 13%, Head and neck cancer 1%,
Glioblastoma 1%)

110 solid malignancies (Breast 34%, Lung 14%,
Gynecological 14%, Prostate 10%, Digestive 7.3%,
Kidney 6.4%, Bladder 4.5%, Upper aero-digestive
tract 5.5%, Thyroid 4.5%, Others 2.7%)

129 solid malignancies (Gastrointestinal 42.6%,
Breast 20.2%, Lung 14.7% Melanoma 10.9%,
Genitourinary 7.8%, Others 3.9%)

154 solid malignancies (Gastrointestinal 36%,
Lung 23%, Breast 17%, Genitourinary 12%, Head
and neck 3%, Gynecologic 3%, Neurologic 2%,
Melanoma 1%, Sarcoma 1%, Unknown primary
1%)

291 solid malignancies (Digestive 34.0%, Lung
10.3%, Breast 24.8%, Genitourinary and
gynaecologic 27.1%, Others 3.8%)

776 solid malignancies (Breast 32.3%,
Gastrointestinal 22.4%, Genitourinary 13.8%,
Lung 23.6%, Others 7.9%)

Second

Second

Second

Third

Second

Third

Second

Second

Second

Second

Second

One

Second

Second

Second

Second

BNT162b2/
mRNA-1273

BNT162b2/
mRNA-1273

BNT162b2

CoronaVac/

BNT162b2

AZD1222/
BNT162b2

BNT162b2

BNT162b2

BNT162b2/
mRNA-1273/
AZD1222
BNT162b2

BNT162b2

BNT162b2

BNT162b2

BNT162b2

BNT162b2

BNT162b2

CoronaVac

68 (58-73)

65 (57-72)

62 (21-97)

57.6+11.5

60 (52-68)

66 (27-89)

68 (25-88)

67 (27-92)

60.8+£12.5

65 (58-71)

73.0(64.5-
79.5)

66 (54-74)

62.4+12.8

67 (32-87)

68.2
(59.7-75.0)

64 (20-88)

41%

44%

41%

60%

59%

40%

48%

48%

55%

1,2,3,5,6,7,8

1,2,3,5,6,7

1,6,7

1,235

1,3,5,6,7

1,2,3,45

1,2,5

1,3,4,5,6,7

1,4,5,6,7,8

1,2,3,4,5,7

1. Rate of serologic response; 2. Age; 3. Sex; 4. Metastasis; 5. Chemotherapy; 6. Inmunotherapy; 7. Targeted therapy; 8. Endocrine therapy.

Due to the influence of the immunosuppressive characteris-
tics of cancer, cancer patients usually have low immune function.®
Therefore, cancer patients are a highly susceptible population and
a vulnerable group for priority vaccination. It is unclear whether
it is better for cancer patients to continue or start active treatment
when receiving COVID-19 vaccine. We sought to identify predictors
of poor seroconversion in patients with solid malignancies. Our re-
sults show that chemotherapy and endocrine therapy can affect the
seroconversion rate of COVID-19 vaccine. Chemotherapy may lead
to short-term depletion of circulating lymphocytes of major sub-
types and long-term depletion of B and CD4+T cells, thus increas-
ing the risk of infection and reducing the serological response to

vaccine.” But the results of endocrine therapy were contrary to re-
cent findings,® which may be related to the immunosuppressive
mechanism of hormone deficiency, as CDK4/6 inhibitors did not
have an additive effect. Since estrogen enhances the immune sys-
tem and steroids have been associated with differences in the im-
mune response to COVID-19, some endocrine therapies may induce
immunosenescence in this population.®-10

There are still some limitations in our study. The type of vaccine
used by most articles was BNT162b2, and other types of vaccines
still need further in-depth study. The number of included articles
in part of the studies was small, which may cause some differences
in the results. Finally, due to the limited included studies, the sero-
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Event rate Event rate

Study or Subgroup __log[Event rate] SE_Weight _IV. Random, 95% Cl IV, Random, 95% Cl
A 1.1 Total analysis

Erdogan 2022 177 016596622  8.6% 0.17[0.12,024) ~——

Fendler 2021 0.82 0.0700094 11.0% 0.44[0.38, 0.51) -

Fenioux 2022 1.9 021614741 7.2% 0.15[0.10,023) ——

Goshen-Lago 2021 124 017036464  8.4% 0.29[0.21, 0.40) e

Monin 2021 0.97 0.17682326  8.3% 0.38[0.27, 0.54] ——

Palich/2021 0.76 0.10343498 10.2% 0.47 [0.38, 0.57) —

Shmueli 2021 114 017095859  8.4% 0.32[0.23, 0.45) —

Subtotal (95% CI) 621%  0.30 [0.22, 0.41] >

Heterogeneity: Tau? = 0.14; Chi? = 53.54, df = 6 (P < 0.00001); I = 89%

Test for overall effect: Z = 7.80 (P < 0.00001)

1.1.2 Sensitivity analysis

Fendler 2021 -0.82 0.0700094 11.0%
Monin 2021 -0.97 0.17682326 8.3%
Palich/2021 -0.76 0.10343498 10.2%
Shmueli 2021 -1.14 0.17095859  8.4%
Subtotal (95% Cl) 37.9%

Heterogeneity: Tau? = 0.01; Chi? = 4.28, df = 3 (P = 0.23); I? = 30%
Test for overall effect: Z = 12.52 (P < 0.00001)

0.44[0.38, 0.51) -
0.38[0.27, 0.54) ——
0.47 [0.38, 0.57) -
0.32[0.23, 0.45) —
0.42 [0.37, 0.48] L 2

01 02 0.5 1 2 5 10
Event rate Event rate
_Study or Subgroup  log[Eventrate]  SE Weight IV, Random, 95% Cl IV, Random. 95% CI

B Amatu 2022 -0.06 0.0189051 7.7% 0.94 [0.91, 0.98] &=

Cavanna 2021 -0.27 0.03361461 7.4% 0.76 [0.71, 0.82] -

Di Noia 2021 -0.51 0.03004669 7.5% 0.60 [0.57, 0.64] -

Erdogan 2022 -0.82 0.07681252 5.9% 0.44 [0.38, 0.51] e

Fendler 2021 -0.16 0.02687768 7.6% 0.85[0.81, 0.90] L

Fenioux 2022 -0.43 0.06311433 6.4% 0.65 [0.57, 0.74] T

Goshen-Lago 2021 -0.15 0.02687768 7.6% 0.86 [0.82, 0.91] =

Gounant 2022 -0.06 0.01628864 7.8% 0.94[0.91,0.97] .

Margalit 2022 -0.17 0.04595055 7.0% 0.84 [0.77, 0.92] =

Massarweh 2022 -0.13 0.09028864  5.3% 0.88 [0.74, 1.08] S

Shmueli 2021 -0.17 0.04261584 71% 0.84 [0.78, 0.92] -

Waldhorn 2021 -0.24 0.04180813 7.2% 0.79[0.72, 0.85] I

Webber 2021 -0.12  0.0199623 7.7% 0.89 [0.85, 0.92] =

Yasin 2022 -0.16  0.0149225 7.8% 0.85[0.83, 0.88] x

Total (95% CI) 100.0% 0.79 [0.73, 0.85] L 4

Heterogeneity: Tau? = 0.02; Chi* = 312.08, df = 13 (P < 0.00001); I* = 96% J t y B

Test for overall effect: Z = 6.48 (P < 0.00001)

Event rate Event rate
—Study or Subgroup  loglEventrate] ~ SE Weight IV, Fixed, 95% Cl 1V. Fixed. 95% C|

C Fendler 2021 -0.16 0.02687768 12.0% 0.85(0.81, 0.90] -

Goshen-Lago 2021 -0.15 0.02687768 12.0% 0.86[0.82, 0.91] T

Margalit 2022 -0.17 0.04595055 4.1% 0.84[0.77,0.92) =

Massarweh 2022 -0.13 0.09028864 11% 0.88[0.74,1.05) — |

Shmueli 2021 -0.17 0.04261584 4.8% 0.84[0.78,0.92] — %

Waldhorn 2021 -0.24 0.04180813 5.0% 0.79[0.72,0.85) — —

Webber 2021 -0.12 0.0199623 21.8% 0.89[0.85, 0.92] e

Yasin 2022 -0.16 0.0149225 39.1% 0.85([0.83, 0.88] -

Total (95% Cl) 100.0% 0.86 [0.84, 0.87] <

Heterogeneity: Chi* = 7.69, df = 7 (P = 0.36); I’ = 9%
Test for overall effect: Z = 16.57 (P < 0.00001)

Fig. 1. A. Forest plot of serological response after one dose of vaccine; B. Forest plot
response after two doses of vaccine.

logical response rate to the COVID-19 vaccine may differ among
different types of solid malignancies.

In summary, patients with solid malignancies have a reduced
serological response to COVID-19 vaccine. Chemotherapy and en-
docrine therapy may affect serological response to COVID-19 vac-
cine in patients with solid malignancies. Therefore, safety measures
still need to be followed after vaccination in patients with solid
malignancies, and actively treated patients require an adapted vac-
cination strategy.
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