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Abstract: Patients with cancer are among the most vulnerable groups of the COVID-19 pandemic,
whereas vaccinations can represent a cornerstone in overcoming the pandemic itself. However,
cancer patients were excluded from clinical trials for COVID-19 vaccinations, and thus the data on
the immunogenicity and safety of COVID-19 vaccines in cancer patients are limited. In this sys-
tematic review, we assessed the seroconversion rate and the safety of COVID-19 vaccinations in
cancer patients. We searched a bibliographic database up until 31 July 2021. Utilizing inclusion
criteria, six studies were selected and analyzed for this meta-analysis. This included 621 cancer pa-
tients and 256 controls. Results show that patients with solid tumors show adequate antibody re-
sponses (>90%), though the antibody titers were significantly lower than those of healthy controls.
Similarly, a significantly lower rate of seroconversion was registered in patients with hematologic
malignances. The vaccines showed a good safety profile; no grade 3—4 adverse events were regis-
tered. This review demonstrates generally high immunogenicity from COVID-19 vaccines in pa-
tients with cancer, with better results for solid tumors than hematological malignances, and with a
good safety profile.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is a highly infectious virus that has caused
significant discomfort and death worldwide. It has been reported that mortality from
COVID-19 is higher among patients with cancer [1-3]. Most cancer patients are elderly
and have other comorbidities, such as hypertension, diabetes, coronary disease, and
chronic obstructive pulmonary disease, which are risk factors for severe disease and
death [2,3]. Cancer patients are at high risk of acquiring COVID-19 due to poor general
conditions and a deficient systemic immunosuppressive state caused by cancer and/or by
anticancer treatment. In addition, cancer patients have frequent scheduled visits to hos-
pitals and clinics, which can increase their risk of catching COVID-19 [4]. As previously
reported, patients with cancer have a markedly elevated risk of intubation, intensive care
unit (ICU) admission, and death, whether these patients are receiving active anticancer
treatment or are cancer survivors [5].

We have previously reported cases involving the first 25 cancer patients with
COVID-19 pneumonia in the Western world and discovered a mortality rate of 36.00%
[2]. Additionally, cases involving 51 cancer patients with COVID-19 were reported upon
by our group, and we found a COVID-19-related mortality rate of 23.53% [3]. Given the
greater severity of COVID-19 in cancer patients and their higher risks of death, these pa-
tients are considered to be a high-priority subgroup for vaccination against COVID-19,
and while vaccines against COVID-19 have shown a high efficacy, immunocompromised
patients were not included in controlled trials [6]. Limited data have been available re-
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garding the efficacy, tolerability, and safety of COVID-19 vaccines in patients with can-
cer, as cancer patients were excluded from clinical trials of COVID-19 vaccines [7]. It
must be emphasized that the major organizations of Western countries, such as the
American Society of Clinical Oncology, the Association of Cancer Research, and the As-
sociation of American Cancer Institutes in the United States, as well as the European So-
ciety of Medical Oncology, the Society of Immunotherapy and Cancer, and the Italian
Medical Oncology Association in Europe, have recommended the vaccination of all
cancer patients, including those receiving active anticancer therapy [8-14]. COVID-19
vaccines were approved and recommended by the US Food and Drug Administration
and the European Medicines Agency in order to prevent the COVID-19 disease. In phase
3 trials, the majority of these vaccines showed 94% to 95% efficacy in preventing symp-
tomatic SARS-CoV-2 infection independent of age [15,16]. Patients with cancer clearly
represent a highly susceptible group that needs to be protected by effective and safe
vaccines [17]; however, there is a paucity of data on the efficacy and safety of available
vaccines against COVID-19 for cancer patients [18-22]. For these reasons, the examina-
tion of COVID-19 vaccinations” potential effectiveness and safety among cancer patients
may be of particular importance. The aim of this review was to assess efficacy of
COVID-19 vaccinations among cancer patients, evaluated by seroconversion, as well as
to assess the safety for the same group.

2. Materials and Methods

The study was designed according to the standards set forth by a relevant statement
from PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
[23]. The obtained online data included papers published in English in PubMed,
Cochrane Library, and medRxiv up until the date of 31 Jul 2021. The following search
words were used: (COVID [Title] OR COVID-19 [Title] OR coronavirus [Title] OR
SARS-CoV-2 [Title] OR 2019-nCoV|[Title]) AND (vaccine [Title] OR vaccination [Title] OR
Seroconversion [Title] OR Seropositivity [Title]) AND (cancer [Title] OR oncologic [Title]
OR hematologic [Title]). The research was limited to full text results.

2.1. Study Selection

We included observational prospective, retrospective, and cross sectional studies.
The inclusion criteria were age > 18 years old, cancer patients (solid tumor or hematologic
malignancies), vaccination for SARS-CoV-2, seropositivity evaluation, and presence of a
control population. Editorials, letters, reviews, case reports, case series, and commen-
taries were excluded.

Two investigators (L.C., C.C.) independently extracted the following information:
first author, vaccine used, study design, sex, mean age, number of oncologic patients,
number of control, and seroconversion rate. Disagreements regarding the data were re-
solved by consultation with a third author (LT.). To identify additional studies, the bib-
liographic references were verified, and publications considered relevant were searched
for manually. We examined asymmetry in funnel plots with standard errors plotted
against effect size and Egger’s tests of significance to assess potential publication bias.

2.2. Statistical Analysis

RStudio 3.6.0 software was used for the statistical analysis. Fixed or random effects
were applied as part of an analysis model depending on the heterogeneity across studies;
we used the Mantel-Haenszel method. The heterogeneity was estimated using the I? sta-
tistic. Effects were presented as a risk ratio (RR), with a corresponding 95% confidence
interval (CI).
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3. Results

By searching the online database according to the search strategy, 12 articles from
PubMed, 17 from the Cochrane Library, and 7 from medRxiv were initially identified.
Further manual searching via the use of reference lists from pertinent articles was carried
out, and another three studies were added. According to the inclusion and exclusion
criteria, six studies (two cross-sectional and four prospective case-controlled studies)
were ultimately included for the final analyses (Figure 1).

PubMed

12 Citation(s)

medRxiv Cochrane Manual searching

7 Citation(s) 17 Citation(s) 3 Citation(s)

39 Non-Duplicate
Citations Screened

29 Articles Excluded
After Title/Abstract Screen

Inclusion/Exclusion
Criteria Applied

10 Articles Retrieved

4 Articles Excluded
After Full Text Screen

0 Articles Excluded
During Data Extraction

Inclusion/Exclusion
Criteria Applied

6 Articles Included

Figure 1. PRISMA diagram.

Three of these studies had performed serological tests using the anti-SARS-CoV-2
spike protein antibody test (the Abbott method was employed for this test) [17,18,20],
whereas another had used the ELISA test [19], another the lecsys Anti-SARS-CoV-2 S
assay [22], whereas the final had used the LIAISON® SARS-CoV-2 51/S2 IgG test [21].
RT-PCR was used in three studies as a reference point for the diagnosis of SARS-CoV-2
infection [19-21]. Four studies utilized a double-injection BNT162b2 vaccine [18,20-22];
each of the patients were evaluated for anti-SARS-CoV-2 IgG responses. In one study
[17], 115 patients (57.5%) had received the BNT162b2 vaccine, and 62 (31%) had received
the mRNA-1273 mRNA vaccine. Another 20 (10%) had received the single dose of
Ad26.COV2.523, and 3 patients (1.5%) had received a complete vaccination, but data re-
garding the serologic responses were not available. In the second study [19] a total of
31/151 (20.53%) patients and 16/54 (29.63%) controls had received their first doses of the
BNT162b2 vaccine only, whereas 31/151 (20.53%) of patients and 16/54 (29.63%) controls
had received 21-day vaccine boosters. Only 24/31 (77.42%) patients and 12/16 (75%) con-
trols were evaluated for anti-SARS-CoV-2 IgG responses. The vaccines performed were
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two doses of the mRNA vaccine BNT162b2 [15], administered 21 days apart [17-22]; or
two doses of the mRNA-1273 vaccine [16] 28 days apart [17]; or else simply one dose [24]
of the adenoviral vaccine Ad26.COV2.S [17].

A total of 621 cancer patients and 256 controls were included in the meta-analysis.
The baseline characteristics of the included studies are summarized in Table 1.

Table 1. Baseline characteristics of completed COVID-19 vaccinations (2 doses of BNT162b2, 2 doses of mRNA-1273, or 1
dose of Ad26.COV2.S) in the included studies (Ad: Ad26.COV2.S; BNT: BNT162b2; f: female; CS: cross sectional; MM:
multiple myeloma; MPM: myeloproliferative malignancy; mRNA: mRNA-1273; nr: not recorded; PR: prospective; Sc:

seroconverted).
Age Median Patientson g ; Hematologic Ma-
_ o, olid Tumors . Controls
Author Ref Vaccine/ Study Tot.  Sex (,f Vo) of (Range) Active lignances
CeNCe ) Inoculations Design Pa-  Patients/ Patients/ Treatment
° 3 1 0, 0, 0,
/Country tients Controls Controls (%) Tot Scn(%) Tot Scn(%) Tot Scn(%)
BNT/2
Thakkar et al. g 67 (27-90)/
RNA/2 2 2 1 7. 134 131 (97.7 4. 2 26 (1
[17]/USA mRNA/2, CS 00 58/6 64 (37-82) 35 (67.5) 3 31(97.76) 66 56(84.85) 26 26 (100)
Ad*/1
faconoetal. gy, cs 36 584/nr 82/nrs 31(86) 26 25(96.15) 10  4(40) 72 52(100)
[18)/Italy
Monin et al. 73 (64.5-79.5)/
#
[19]/UK BNT/2 PR 24 48/48 40,5 (31.3-50) * 13 (45.83) 19 18 (94.74) 5 3 (60) 12 12 (100)
Massarweh et 66 (56-72)/
BNT/2 PR 102 4 102 (1 102 2 (90.2 7 78 (1
al, (20 Tsracl NT/ 0 3/68 62 (45-70) 02(100) 102 92(90.2) 0 0 8 78 (100)
N MM 73 (47-78)
Pimpinelli et MM 45.23, MM 42 33 (78.6)
BNT/2 PR 2 MPM 70 (28— 2 (1 1
al. [21)/Italy ! 92 MPM 48/50 0(28-80)/  92(100) 0 MPM 50 44 (88) 36 36(100)
81 (79-87)
Herishanuet 71 (63-76)/
al. [22]/Israel BNT/2 PR 167 329 68 (64-74) 75 (44.9) 0 0 167 66(39.52) 52 52 (100)

* Ad26.COV2.S single dose vaccine used in 20 patients, Saged > 66, # data relating to the entire study population, blood
samples 2 weeks following a 21-day vaccine available only for 24 patients.

There were 621 cancer patients and 256 controls. A total of 281 patients with solid
tumors and 340 with hematologic malignances were evaluated. Overall, 173 patients
were not receiving active anticancer treatment during vaccination. The patients” median
age ranged from 66 to 82 years (67 [17], 82 [18], 73 [19], 66 [20], 70/73[21], 71[22]).

All studies included in the meta-analysis reported upon the rate of seropositivity
following COVID-19 vaccination as primary outcomes. Five studies [18,20-22] reported
comparisons of SARS-CoV-2 IgG titers between cancer patients and healthy controls

(Table 2).

Table 2. Serum IgG level pre- and post-vaccination for cancer patients and controls (CI: 95% confidence interval; ECso:
half maximal effective concentration; GMC: geometric mean concentration; IQR: interquartile range MM: multiple mye-
loma; MPM: myeloproliferative malignancy; np: not performed; nr: not reported).

Author Refer- Positive Cut- Median Serum IgG Level Patients” Median Serum IgG Level Controls’ Median Serum IgG Level
ence off/Unit (Pre-Vaccinations) (Post-Vaccinations) (Post-Vaccinations)
Thakkar et al. 250 Solid tumors 7,858 .
[17] AU/mL np Hematologic malignancies 2,528 Higher than 15,000
=50
Tacono et al. [18] AU/mL np 2,396.10 (range 0-32,763) 8737.49 (range 398.90-976,280)
70
Monin et al. [19] ECsodilution np nr nr
units
Massarweh et al. >50
[20] AU/mL np 1,931 (IQR, 509-4386) 7,160 (IQR, 3129-11,241)
GMC (CI):
N GMC (CI):
Pimpinelli et al. >15 MM 4.2 (3.9-4.6) . GMC (CI):
MM (42 patients) 106.7 (62.3-179.7).
[21] AU/mL MPM 4.6 (4.2-5.2) . 353.3 (255.6-470.0)
MPM (50 patients) 172.9 (106.5-257.0
Controls 3.8 (3.8-3.8) (50 patients) ( )
Herishanu et al. >0.80 np 0.824 (IQR, 0.4-167.3) 1,084 (IQR, 128.9-1,879)
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[22] U/mL

Three authors [17,19,21] performed a safety analysis (Table 3) and reported that
vaccinations appeared to be generally very safe, with mostly mild and moderate adverse
effects reported. Monin et al. [19] also reported that vaccinations were well tolerated.
Pimpinelli et al. [21] reported that only two patients reported severe pain after their
second doses, though no serious adverse event was registered. lIacono et al. [18] and
Herishanu et al. [22] did not perform safety analyses, but the former reported no major
adverse events related to the vaccination, and the latter reported only mild and moderate
adverse events.

Table 3. Adverse events after second vaccine doses. G: grade (grade 1 (mild; does not interfere with activity); grade 2
(moderate; interferes with activity), grade 3 (severe; prevents daily activity), and grade 4 (potentially life-threatening;
emergency department visit or admission to hospital)); AE: adverse event.

Author Reference AE G1-2 n(%) AE G3-4 n(%)
BNT152b2 37%
Thakkar et al. [17] mRNA1273 34% 0
Ad26.COV2 26%
Tacono et al. [18] Not reported 0
Monin et al. [19] 29% patients, 69% controls 0
Massarweh et al. [20] Not reported Not reported
Pimpinelli et al. [21] Most common side effect 16% pain 0
Herishanu et al. [22] 39 (23.4) 0

For the meta-analysis, we separated the oncologic and hematologic patients. Con-
sidering that heterogeneity was significant, a random effects model was used for the
analysis. The results of the first meta-analysis are reported in Figure 2; we found no re-
duced rate of seroconversion for vaccinated oncologic patients with solid tumors com-
pared with the control (RR 0.95, 95% CI 0.90 to 1.01, p =0.09, 12 = 73.5%, p = 0.01).

Source RR (95% CI) .

Monin 0.95(0.86; 1.03) L

lacono 0.96 (0.89; 1.04) -l

Thakkar  0.98 (0.95; 1.00) ——

Massarweh 0.90 (0.85; 0.96) i

Total 0.95(0.89; 1.01) 1{——:—:- |
09 1 11

Risk Ratio (95% ClI)

Figure 2. Forest plots of seroconversion rates comparing vaccinated patients with solid tumors
with the vaccinated control. RR: risk ratio; CI: confidence interval.

For the hematologic patient (Figure 3), the difference was significant. There was a
reduced rate of seroconversion for vaccinated hematologic patients compared with con-
trols (RR 0.62, 95% CI 0.41 to 0.92, p = 0.02, 12 = 96.2%, p < 0.001). For the meta-analysis,
high degrees of heterogeneity were shown.



Vaccines 2021, 9, 1048

6 of 9

Source RR (95% CI) .
Monin 064 (0.34;1.20) u
lacono 043 (0.21;0.86) :
Thakkar 0.85(0.77;0.94)
Pimpineli 0.84 (0.77;092)

)

)

L 3
L
-

-=::::::__:=-
| I

0.5 1 2
Risk Ratio (95% CI)

Herishanu 0.40 (0.33; 0.48
Total 062 041,092

Figure 3. Forest plots of seroconversion rates comparing vaccinated patients with hematological
malignances versus vaccinated controls. RR: risk ratio; CI: confidence interval.

Asymmetric funnel plots were produced; both indicated a possibility of publication
bias, though the Egger’s tests were not significant (t = —1.24, p = 0.34 for oncologic patients
and t =-1.13, p = 0.34 for hematologic patients). We did not detect clear publication bias,
as the number of included studies was small

4. Discussion

The complexity of care of cancer patients—including treatments such as surgery,
chemotherapy, target therapy, immunotherapy, and radiation therapy—poses unique
challenges at the time of the COVID-19 pandemic. Oncologists, in addition to cancer pa-
tients, must ultimately be protected from unnecessary exposure [25]. It has been reported
from China that about 1% of patients infected with COVID-19 had cancer, which is at a
rate of 5 times higher than the general incidence rate in China [5]. In addition, a report
from Italy evidenced that about 20% of the deceased patients with COVID-19 had cancer
within the past five years [26].

Patients with cancer were excluded from pivotal clinical trials for COVID-19 vac-
cines, despite being included in the priority category for COVID-19 vulnerability [27],
and there is a paucity of data on the efficacy and safety of mRNA COVID-19 vaccines in
cancer patients so we believe that our study will be useful. To the best of our knowledge,
this is the first comprehensive meta-analysis regarding the immunogenicity and safety of
anti-SARS-CoV-2 vaccines for cancer patients. In the present meta-analysis, we showed
that the majority of patients with cancer had immunogenic responses to COVID-19 vac-
cinations. In the study of Thakkar et al. [17], a higher seroconversion rate was reported in
patients with solid tumors (98%), compared with a lower rate of seroconversion (85%)
observed in patients with hematologic malignances, particularly in patients following
highly immunosuppressive therapies such as anti-CD20 monoclonal antibodies treat-
ment (79%) and stem cell transplantations (73%). The adverse effect profiles of each type
of vaccine in this study are considered to be acceptable. In the analysis reported by
Monin et al. [19], which enrolled both patients and health care workers who had received
the mRNA BNT162b2 vaccine after three weeks, 97% of health care workers had immune
responses (anti-S IgG positive titers) with a single inoculation, whereas only 39% of pa-
tients with solid tumors and 13% of patients with hematological malignances experi-
enced seroconversion with single inoculums. It must be emphasized that patients with
poor seroconversion after single vaccine injections were patients who had received
chemotherapy in a time period of less than 15 days since receiving the vaccine or were
patients with thoracic malignances. On the other hand, after a second dose of the vaccine,
95% of patients with solid tumors showed seroconversion. No grade 3—4 adverse events
were reported. lacono et al. [18] similarly reported upon serologic responses to
COVID-19 vaccinations in older patients (280 years) with cancer. Among these 36 frail
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patients, 10 suffered from hematologic malignances and 26 from solid tumors. The se-
roconversion rates were 40% and 96.75%, respectively, without grade 3—4 adverse events.
Massarweth et al. [20] evaluated rates of anti-spike (anti-S) antibody responses to the
BNT162b2 vaccine in patients with cancer (solid tumor) who were undergoing systematic
treatment (102 patients), along with those of 78 healthy controls. The seropositivity rates
following two doses of the vaccine were 90% in the patients group and 100% in the con-
trol group, respectively. No grade 3-4 adverse events were reported. Herishanu et al. [22]
evaluated the humoral immune responses to the BNT162b2 mRNA COVID-19 vaccine in
167 patients with chronic lymphocytic leukemia (CLL); the initial antibody response rate
was found to be low: 39.5%. However, the response rate was better for the patients with
CLL who obtained clinical remission after treatment (79.2%). This was followed by a rate
of 55.2% for treatment-naive patients and of only 16% among patients undergoing active
treatment at the time of vaccination. Finally, a 0% rate was found for patients who had
been exposed to anti-CD20 antibodies in a time period of 12 months before vaccination.
Pimpinelli et al. [21] reported upon the immunogenicity and safety of anti-SARS-CoV-2
BNT162b2 vaccines for patients with hematologic malignances. They analyzed 42 pa-
tients with multiple myeloma (MM) and 50 with myeloproliferative malignances (MPM).
Seroconversion rate was at a rate of 78.6% for MM patients, 88% for MPM patients—and
at 100% for the control group. No safety concerns were observed. The results of the
studies included in this meta-analysis were comparable and coherent with each other.
Some limitations were found to be present in this meta-analysis. First of all, the limited
number of patients in each study impacts the final statistical power. Moreover, the lim-
ited observation period of the patients does not allow for a response to the pertinent
question: How long does the antibody protection last? In addition, the antibody levels
alone, in the absence of concomitant investigations on T cell responses, do not allow for a
complete assessment of immunity in response to COVID-19 vaccinations [28].

5. Conclusions

In this meta-analysis of 281 unselected cancer patients with solid tumors, the anti-S
antibody response rate following the complete planned inoculation of a COVID-19 vac-
cine was found to be promising (>90%). The antibody response to a COVID-19 vaccine,
was, as expected, inferior for the 340 patients with hematologic malignances. Nonetheless
this meta-analysis suggests that COVID-19 vaccination for cancer patients is both effec-
tive and safe and that it should be prioritized. Patients with cancer who have already
been vaccinated, however, should continue wearing masks, and practicing social dis-
tancing and hand hygiene practices.
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