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Simple Summary: In hematological neoplasms associated with COVID-19, immunological dysfunc-
tion, including reduced count of non-classical monocytes, has been suggested as a primary driver of
morbidity and mortality. In this work, we investigated the contribution of absolute monocyte count
to clinical outcome of COVID-19 in 120 patients affected by hematological neoplasms that tested
positive to SARS-CoV-2. We found that there was no statistical difference in 30-day mortality, rate
of hospitalization for intensive cure and viral clearance at 14 days between fully vaccinated and un-
vaccinated patients. Increased 30-day mortality was associated with presence of active/progressing
disease and absolute monocyte count lower than 400 cells/uL. Reduced absolute counts of monocytes
should be used as an alert of increased risk of severe/critical forms of COVID-19 in patients with
hematological malignancies, even when the full vaccination cycle has been completed.

Abstract: Background: Clinical course of COVID-19 depends on several patient-specific risk factors,
including immune function, that is largely compromised in cancer patients. Methods: We prospec-
tively evaluated 120 adult consecutive patients (including 34 cases of COVID-19 breakthrough after
two full doses of BNT162b2 vaccine) with underlying hematological malignancies and a SARS-CoV-2
infection, in terms of patient’s clinical outcome. Results: Among fully vaccinated patients the achieve-
ment of viral clearance by day 14 was more frequent than in unvaccinated patients. Increased 30-day
mortality was associated with presence of active/progressing disease and absolute monocyte count
lower than 400 cells/uL. Results of multivariable analysis in unvaccinated patients showed that
the pre-infection absolute count of monocytes less or equal to 400 cells/mmyc, active or progressive
disease of the underlying hematological malignancy, the COVID-19 severity identified by hospital-
ization requirement and lack of viral clearance at 14 days were independent predictors of 1-year
overall survival. Conclusions: Taken together, our results indicate that absolute monocyte count
determined one month before any documented SARS-CoV-2 infection could identify patients affected
by hematological neoplasms with increased risk of inferior overall survival.
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1. Introduction

COVID-19 (coronavirus disease-2019) is a complex disease with variable clinical
presentations and outcomes, due to the infection of a novel 3-Coronavirus SARS-CoV-2 [1].
In most cases, COVID-19 symptoms are moderate or totally absent, with about one week of
incubation period. Around 15% of patients can progress to severe pneumonia and about
5% eventually progress to acute respiratory distress pneumonia, renal failure, septic shock,
multiple organ failure and death [2-4].

Due to the heterogeneous clinical course of COVID-19, several biomarkers have been
evaluated that could allow us to predict an initial severe presentation or critical evolution of
the disease. Several observational studies have suggested that some comorbidities, assessed
by high Charlson comorbidity index (CCI > 3) scores are disproportionately associated
with inferior clinical outcomes [5].

Clinical course and disease severity in COVID-19 is strongly associated with weaker
immune response, bulk release of proinflammatory cytokines and the recruitment of
neutrophils, monocytes and macrophages, which can generate an aggressive response,
in some cases inappropriate, detrimental and harmful for the host [6], especially in can-
cer patients [7,8]. Recent reports disclosed the contribution of monocytes to the hyper-
inflammatory phenotype, thus worsening disease severity [9-11]. In vitro, SARS-CoV-2 can
induce a functional specialization of dendritic cells subsets, with high levels of interferon-c,
IL-6, IL-10 and IL-8 that orchestrate and propagate first the innate and then the adaptive
immune response [8,12,13]. High levels of IL-6 can further trigger cytokine storm in the
absence of appropriate type I and III interferon response [14,15].

Patients carrying hematological neoplasms have increased infection susceptibility, due
to immunodeficiency, T-cell anergy, increased myeloid-derived suppressor cells and im-
pairment of antigen presentation machinery [6,13,16], as a consequence of the malignancy
itself. In multiple myeloma (MM), either anergic, dysfunctional effector lymphocytes or
both, tumor-educated myeloid-derived suppressor cells and soluble mediators promote
coordinately cancer immune-evasion [17-22]. In chronic lymphatic leukemia (CLL), cir-
culating monocytes have a skewed aberrant phenotype leading to altered composition
and phagocytosis, contributing T-cell exhaustion and anergy [23-26]. In Hodgkin’s lym-
phoma (HL) monocyte-like myeloid derived suppressor cells are increased and correlate to
chemosensitivity [19,27-31]. In acute myeloid leukemia (AML), macrophages and myeloid-
derived cells are educated by leukemia itself to develop a supportive phenotype, and thus,
contribute to drug resistance [32-35].

However, little is known about the contribution of perturbed counts and functions of
monocytes to COVID-19 clinical course in patients carrying hematological malignancies,
and if the perturbed immune parameters observed in critically ill COVID-19 patients re-
tain the same significance in the setting of patients affected by hematological neoplasms.
To this end, we designed a single-center prospective study, to determine the contribution of
monocyte accounting in the clinical outcome of 120 consecutive patients affected by hema-
tological neoplasms and tested positive to SARS-CoV-2 in our center from 15 April 2020
through 30 November 2021.

2. Materials and Methods
2.1. Patients’ Selection

Our study included 120 adult consecutive patients (aged >18 years) with a WHO-
defined hematologic malignancy that tested positive to SARS-CoV-2 in the emergency
departments, hospital wards (patients infected while hospitalized) or outpatient clinics of
the Division of Hematology, AOU Policlinico in Catania, Sicily, Italy from 15 April 2020
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through 30 November 2021. Patients were categorized as fully vaccinated at the time of
COVID-19 when two doses of vaccine BNT162b2 had been administered and diagnosis of
COVID-19 was recorded >4 weeks from the last dose, thus identifying the breakthrough
infections after COVID-19 vaccination. Unvaccinated patients were defined as having no
known prior exposure to COVID-19 vaccination before COVID-19 diagnosis.

The COVID-19 diagnosis was confirmed by nasopharyngeal swab collection in ac-
cordance with local prevention guidelines. The study was approved by the Institutional
Review Board (IRB) (Comitato etico Catania 1, https://www.policlinicovittorioemanuele.
it/comitato-etico-catania-1 (accessed on 15 April 2020), #CO.TIP. 34/2020/PO 0,016,693
released on 15 April 2020) and performed in accordance with the principles of the Dec-
laration of Helsinki and the International Conference on Harmonization Good Clinical
Practice guidelines.

2.2. Procedures

Electronic health records of patients followed in our hospital were evaluable to capture
the following information: type of hematological malignancies, details and timing of the
tumor treatment, laboratory parameters at the time of infection, outcome of the SARS-CoV-
2 infection and outcome of the hematological malignancies at the time of last follow-up.
Active antineoplastic treatment was defined as having received anticancer therapy within
30 days prior to COVID-19 diagnosis. Infection laboratory values were collected no more
than 7 days preceding the first documentation of SARS-CoV-2 infection. COVID-19-related
death was categorized in accordance with the WHO definition, while comorbidity was
classified according to the modified Charlson comorbidity index (CCI).

In unvaccinated patients, seroconversion was performed on serum samples to detect
human antibodies of the immunoglobulin classes IgG and IgA against the SARS-CoV-
2 by anti-SARS-CoV-2 ELISA IgG and IgA assays (Euroimmun), until one month from
documented viral clearance, according to the manufacturer’s instructions.

In vaccinated patients, the titer of antibodies developed against the receptor-binding
domain of the SARS-CoV-2 spike protein was measured 30 days after the second dose
of BNT162b2 vaccine using the SARS-CoV-2 IgG II Quant assay (Abbott, CE marked),
by chemiluminescence (CMIA) method, performed on the Abbott Alinity i platform accord-
ing to the manufacturer’s instructions.

2.3. Statistical Analysis

Continuous variables were expressed as median and range (minimum-maximum),
since a preliminary analysis showed that data distribution was not normal. Normality
was verified using the Shapiro-Wilk test and graphically using Q-Q plot. Counts and
percentages of qualitative variables were generated for descriptive statistical analysis.
For further comparisons, we used the Mann-Whitney U test for continuous data and the
Fisher’s exact test for categorical data.

We applied propensity score matching (PSM) as a consequence of the limited sample
size and its heterogeneity to adjust for differences in baseline clinical variables between
fully vaccinated and unvaccinated patients [8]. The covariates balanced between groups
were: age (used as a dichotomic variable, less than 70 years, equal to or more than 70 years
old), biologic sex (female; male), Eastern Cooperative Oncology Group performance status
(ECOG PS 0-1; >2), lymphopenia (absolute lymphocyte count (ALC), <1000 vs. >1000 per
uL), Charlson comorbidity index (0-1; vs. >2), cancer status (active and progressing vs. not
active and progressing), hematological neoplasm type (lymphoid; myeloid or plasma cell
neoplasm). In PSM, we selected the caliper 0.25 of the standard deviation for drawing the
control units (unvaccinated) to match the treated units (fully vaccinated) with the nearest-
neighbor method and a 3:1 ratio (unvaccinated:fully vaccinated). Due to limited number of
events, we considered variable selection in regression analysis by elastic-net regularization
with a mixing parameter (LASSO). Following LASSO variable selection, the additional
inclusion of AMC < 400 cells/uL was considered given a significant association with the
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primary endpoint and prior evidence suggesting the association of this variable to immune
dysregulation in COVID-19 patients carrying hematological neoplasms [6].

The primary endpoint was 30-day all-cause mortality (infection, progressive disease,
other) among fully vaccinated patients affected by hematologic malignancy who tested
positive to SARS-CoV-2 compared to the cohort of unvaccinated hematological patients
after PSM adjustment for baseline clinical variables. Secondary endpoints included rates of
hospitalization in intensive care units and viral clearance at 14 days, in fully vaccinated,
compared with unvaccinated patients with hematological neoplasms after PSM adjustment
for baseline clinical variables.

All calculations were performed using MedCalc Statistical Software version 13.0.6
(MedCalc Software bvba, Ostend, Belgium; http:/ /www.medcalc.org (accessed on 6 Jan-
uary 2022); and XLSTAT version 2021.5-Life Sciences, released in December 2021.

3. Results
3.1. Characteristics of the Cohort

We diagnosed COVID-19 infection in 120 patients affected by hematological neoplasms,
of whom 86 (72%) were unvaccinated and 34 (28%) were fully vaccinated, including 18/34
(15%) patients who had received a boost dose within 2 weeks from COVID-19 diagnosis.

Baseline characteristics of the cohort are summarized in Table 1. The median age was
65 years (range 23-94 years) in the unvaccinated group, without any significant difference to
fully vaccinated patients. In the fully vaccinated group, most patients were receiving active
treatment for their hematological malignancy, differently from the unvaccinated group
(p < 0.0001), mostly consisting of immunotherapy and targeted therapy, like lenalidomide
maintenance in patients affected by multiple myeloma. The median value of Charlson
comorbidity index was 3 (0-14), in the unvaccinated group, with the highest score among
patients affected by lymphoid neoplasms, due to cardiovascular disease, pulmonary disease
and diabetes (data not shown). A Charlson comorbidity index equal to or higher than 2 was
more frequent in the unvaccinated group than in vaccinated patients (p = 0.003, Table 1).

There were no significant differences in pre-infection laboratory parameters evaluated
among unvaccinated and fully vaccinated patients, including absolute counts of neutrophils,
monocytes and lymphocytes, C-reactive protein (C-RP) and lactate de-hydrogenase, which
have been associated with COVID-19 severity in both general population and cancer
subjects [36,37].

3.2. Outcome of COVID-19 in Patients Affected by Hematological Neoplasms

Among fully vaccinated patients the achievement of viral clearance by day 14 was
more frequent than in unvaccinated patients (p = 0.0003, Table 2). Only one fully vaccinated
vs. 22 (26%) unvaccinated patients was admitted for inpatient intensive care (p = 0.004,
Table 2), due to concomitant neutropenic fever and bacterial pneumonia.

Unvaccinated patients who achieved viral clearance by 14 days from the documented
SARS-CoV-2 infection had a lower Charlson comorbidity score, due to significant lower
frequency of heart disease (32%, p = 0.04, data not shown). There was no significant
difference among patients affected by myeloid, lymphoid or plasma cell neoplasm, active
or not (data not shown). However, the number of patients who died from COVID-19 could
not reach any significant difference among fully and unvaccinated patients (Table 2).

Unvaccinated patients who required hospitalization for their COVID-19 in an intensive
care unit were older than those who did not require hospitalization (p = 0.002), with higher
median Charlson comorbidity index (5 vs. 3), due to significantly higher frequency of
heart disease (p = 0.01). There was no significant difference among patients affected
by myeloid, lymphoid or plasma cell neoplasm, active or not. However, there were
more patients in treatment with chemotherapy among hospitalized patients (p = 0.04),
while non-hospitalized patients received targeted therapy more frequently (p = 0.004),
reflecting the higher probability of hospitalization for those with chemotherapy-related
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immune deficiency. Patients requiring hospitalization for COVID-19 had lower hemoglobin
(p = 0.03) and absolute monocyte counts (p = 0.02, Table 3).

Table 1. Pre-infection clinical and laboratory parameters in hematological patients affected by
COVID-19 by baseline vaccination status.

Pre-Infection Clinical and Laboratory Fully Vaccinated Unvaccinated ab
Parameters (N =34 (N =86) p-Value *

Median age, years (range) 63 (30-94) 65 (23-94) 0.87
Female gender, N (%) 12 (35) 43 (50) 0.13
Active and progressive disease, N (%) 12 (35) 27 (31) 0.93
Systemic treatment within 3 months, N (%) 32 (94) 45 (52) <0.001
ALC, x103 cells/uL (range)) 1.26 (0.4-188.0) 1.5 (0.03-79.5) 0.32
ANC, x103 cells/uL (range) 3.7(0.2-15.2) 3.5(0.0-22.1) 0.98
AMC, %103 cells/uL (range) 0.5 (0.1-2.1) 0.4 (0.01-1.7 0.98
LDH, IU/L (range) 208 (92-980) 201 (112-5000) 0.97
C-RP, IU/L (range) 5 (1-157) 2 (0-126) 0.12
Hematological malignancy type

Lymphoid neoplasm, N (%) 8 (24) 29 (34) 0.38
Myeloid neoplasm, N (%) 6 (18) 21 (24) 0.48
Plasma cell neoplasm, N (%) 20 (59) 36 (42) 0.09
Charlson comorbidity index 2 or more, N (%) 16 (47) 66 (75) 0.003
ECOG performance status 2 or more, N (%) 10 (30) 27 (31) 0.92

2 based on Fisher-exact test, ® based on Mann-Whitney test. Abbreviations: ALC, absolute lymphocyte count;
AMC, absolute monocyte count; ANC, absolute neutrophil count; uL, micro-liter; IU/L, international units per
liter; LDH, lactate de-hydrogenase; C-RP, C-reactive protein; ECOG, Eastern Cooperative Oncology Group.

Table 2. Clinical outcomes of COVID-19 in hematological patients by baseline vaccination status.

COVID-19 Infection Severity and

Fully Vaccinated

Unvaccinated

_ a
Clinical Outcome (N = 34) (N = 86) p-Value
Number of patients (%) with viral clearance 28 (82) 39 (45) 0.0003
on day 14
Num.ber. of Patlents: (%) Who required 1) 2 (26) 0,004
hospitalization for intensive care
Number of deaths (%) by day 30 from 1) 10(12) 013

COVID-19 diagnosis

2 based on Fisher-exact test.

The median value of anti-SARS-CoV-2 antibodies (IgG) titer was 4.7 (range 1.1-
38.7 BAU), as measured at one month from the documented viral clearance in 66/86 unvac-
cinated patients, showing that 42/66 (64%) patients were seroconverted.

Among the fully vaccinated patients, the anti-SARS-CoV-2 antibodies (IgG) titer was
5.2 (range 0-13.1 BAU) in 24 /34 tested patients, showing that none of them achieved a
protective titer (>40 BAU) at one month after two doses of BNT162b2 vaccine.

Following PSM there was no statistical difference in 30-day mortality, rate of hos-
pitalization for intensive cure and viral clearance at 14 days between fully vaccinated
and unvaccinated patients, as shown in Table 4 where adjusted odds ratios (AOR) and
95% confidence intervals (CI) have been reported. Increased 30-day mortality was as-
sociated with the presence of active/progressing disease and absolute monocyte count
lower than 400 cells/uL (presence of non-active disease vs. active/progressing disease:
AOR —0.64, 95% CI: —1.09-0.2; absolute monocyte count (AMC) less than 400 cells/uL vs.
AMC > 400 cells/uL, AOR 0.68, 95% CI: 0.14-1.21).
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Table 3. Pre-infection clinical and laboratory parameters in hematological patients hospitalized or
not hospitalized for concomitant COVID-19.

Clinical and Laboratory

Parameters Prior to Hospitalized Not Hospitalized p-Value P

COVID-19 Infection
Patients, N (%) 22 (26) 64 (74)
Age, years median (range) 71 (31-87) 63.5 (24-94) 0.02°
Sex, n (%)
Female 8 (36) 37 (55) 0.142
Male 14 (66) 27 (45)
Charlson comorbidity index
Median (range) 5 (0-13) 3(0-14) NA
Coexisting condition, N (%)
Heart disease 10 (46) 12 (19) 0.017
Pulmonary disease 7 (23) 9 (14) 0322
Vascular disease 7 (23) 10 (16) 0462
Connective tissue disease 1(5) 0(0) 0262
Liver disease 1(5) 0(0) 022
Diabetes 6 (27) 8 (13) 0.132
Non-hematological cancer 1(5) 5(9) 0982
Type of hematological malignancies, N (%)
Myeloid neoplasms 4(18) 16 (25) 0562
Lymphoid neoplasms 9 (41) 20 (32) 0.602
Plasma Cell Neoplasms 9 (41) 28 (44) 0992
Active therapy, N (%) 10 (46) 18 (30) 0202
Last therapy type, N (%)
Chemotherapy 9 (41) 11 (18) 0.04°
Immunotherapy 0 1(2) 0982
Targeted therapy 1(5) 9 (14) 0.04 %
Hb, g/dL 11.8 12.8
median (IQR) 10.4-13.1 11.5-14.0 0.03°
ANC, x10? cells/uL 3.1 3.6
median (IQR) 1.3-6.9 2.3-4.6 0.57b
ALC, x103 cells/uL 1.4 1.6
median (IQR) 0.9-3.5 1.0-2.4 0.92b
AMC, x103 cells/uL 0.3 0.5
median (IQR) 0.07-0.5 0.3-0.6 0.02°
Platelets x 10° count/uL 183 199
median (IQR) 98-283 138-311 0.42b
C-RP, IU/L 4.5 1.3-
median (IQR) 1.2-114 0.5-3.2 0.002°
LDH, IU/L 221 197
median (IQR) 183-273 156-246 0.15b

2 based on Fisher-exact test, ® based on Mann-Whitney test. Results are reported as median and interquartile
range (IQR). Abbreviations: Hb, hemoglobin; ALC, absolute lymphocyte count; AMC, absolute monocyte count;
ANC, absolute neutrophil count; uL, micro-liter; IU/L, international units per liter; LDH, lactate de-hydrogenase;
C-RP, C-reactive protein; NA, not available.



Cancers 2022, 14,1173

7 of 13

Table 4. Results of regression analysis of clinical outcomes of COVID-19 in hematological patients
following PSM.

Clinical and 30-Da}1;1(\)/11(;rta11ty Hospltallé;;t;(e)I;ié());‘{lntenswe 14-Day Viral Clearance AOR
Laboratory Parameters (95% CI) (95% CI) (95% CI)
Age >70 years 0.01 —0.11 0.1
(—0.49-0.51) (—0.49-0.26) (—0.26-0.48)
Sex: female —0.01 —0.16 0.11
: (—0.44-0.42) (—0.49-0.17) (0.21-0.43)
Not active and —0.64 —-0.12 0.13
rogressin; 1sease —1.U¥-U. —U.44—-U. AY-U.
progressing di (—1.09-0.2) (—0.44-0.20) (0.19-0.45)
e ~0.39 ~0.36 0.38
Charlson comorbidity index 0 (~1.02-0.23) (—0.88-0.14) (—0.12-0.89)
Lymphoid neoplasm 0.08 0.037 0.16
ymp p (—0.39-0.55) (—0.30-0.38) (—0.19-0.52)
. —0.18 —0.11 0.19
Myeloid neoplasm (—0.7-0.34) (—0.49-0.26) (—0.18-0.56)
Plasma cell neoplasm 0 0 0
(—0.42-0.28) (—0.42-0.36) (—0.42-0.34)
—0.0008 ~0.07 0.32
LDH >243IU/L (—0.45-0.45) (—0.42-0.28) (—0.04-0.67)
—0.03 —027 0.04
CRP>5IU/L (—0.42-0.36) (0.57-0.03) (—0.27-0.35)
0.68 0.17 0
3
AMC <04 > 107 cells/ulL (0.14-1.21) (—0.14-0.49) (—0.31-0.31)

Abbreviations: LDH, lactate de-hydrogenase; C-RP, C-reactive protein; AMC, absolute monocyte count, uL,
microliter, IU/L, international units per liter.

3.3. Pre-Infection Biomarkers Associated to Inferior Overall Survival in Unvaccinated Patients
with Hematological Malignancy and SARS-CoV-2 Infection

We then assessed potential biomarkers for 1-year overall survival (OS) of patients
carrying hematological neoplasms that tested positive for SARS-CoV-2 infection. To this
end, we considered only the cohort of unvaccinated patients due to their longer median
follow-up (13.6 months).

In unvaccinated patients of our series, the median OS was 10.4 months (95% CI.
9.6-11.3), which was affected in univariate analysis, summarized in Table 5, by presence
of: active disease (p = 0.003), pre-infection absolute count of monocytes less or equal
to 400 cells/mmc (p = 0.04), hospitalization due to COVID-19 (p < 0.0001), lack of viral
clearance at 14 days (p = 0.005) and lack of seroconversion (p = 0.04). The difference
in survival was consistent throughout all subgroups tested, independent of whether the
patients were aged below or above 70 years, of female or male sex, or suffered from myeloid,
lymphoid or plasma cell neoplasm.

Results of multivariable analysis of OS showed that the pre-infection absolute count
of monocytes less or equal to 400 cells/mmc (p = 0.008), active or progressive disease of
the underlying hematological malignancy (p = 0.009), COVID-19 severity identified by
hospitalization requirement (p = 0.004) and lack of viral clearance at 14 days (p = 0.03) were
independent predictors of 1-year OS in unvaccinated patients affected by hematological
neoplasms tested positive for SARS-CoV-2 infection (Table 6).
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Table 5. Univariate analysis of median overall survival based on main pre-infection clinical and
laboratory parameters in unvaccinated hematological patients with COVID-19.

Clinical and Laboratory N mOS 95% CI p-Value *
Parameters
<70 35 11.9 12.2-14.5
Age, years 70 51 10.8 9.8-13.5 0.33
Male 43 11.8 11.2-14.3
Sex Female 43 11.4 11.1-13.8 0.91
. .. Inactive 59 11.1 10.3-11.8
Disease activity Active or progressing 27 8.5 6.4-10.7 0.003
Myeloid 29 11.0 9.6-12.3
Hematological malignancy Lymphoid 21 10.1 8.5-11.6 0.79
Plasma cell 36 10.4 9.2-11.7
<4.0 60 9.9 8.8-11.0
ANC, %103 cells/uL S40 2% 116 108-11.3 0.06
<1.0 40 6.7 5.8-7.6
ALC, x10° cells/uL >10 46 10.8 9.9-118 0.27
<04 43 9.6 8.3-11.0
3 —
AMC, x10° cells/uL 0.4 43 11.1 10.3-12.0 0.03
. . <2431U/L 63 10.7 9.8-11.6
Pre-infection LDH >243TU/L 25 98 82-11.5 0.31
. . <5IU/L 62 10.7 9.8-11.6
Pre-infection C-RP >51U/L 24 5.8 4.8-68 0.31
Hospitalization for COVID-19 No 64 114 10.9-12.0 0.0001
Yes 22 7.6 55-9.8 <0
Viral clearance at 14 days No 47 11.2 10.5-11.8 0.005
Yes 39 8.4 6.2-10.6 :
Seroconversion * No 24 6.5 5.3-7.7 0.05
(* evaluated in N = 66) Yes 42 12.0 12.0 ’

2 based on Kaplan-Meier plots, p-value was considered significant if <0.05 and indicated in bold italic. Abbre-
viations: ALC, absolute lymphocyte count; AMC, absolute monocyte count; ANC, absolute neutrophil count;
uL, micro-liter; IU/L, international units per liter; LDH, lactate de-hydrogenase; C-RP, C-reactive protein. * is to
highlight that only 66 patients were evaluated for seroconversion.

Table 6. Multivariable analysis of median overall survival based on main pre-infection clinical and lab-
oratory parameters found significant in univariate analysis in hematological patients with COVID-19.

HR

: - a
Covariate 95% CI) p-Value
Absolute monocyte count <400 cells/uL 8.66 0.009
y (1.72-43.44) :
Active and progressing disease 6.02 0.008
prog & (1.62-22.44) '
Hospitalization for COVID-19 714 0.004
P (1.89-27.12) '
. 4.26
Viral clearance at 14 days (1.15-15.75) 0.03

2 hazard ratios and 95% confidence intervals were estimated with Cox regression analysis. Abbreviations: uL,
microliter, HR, hazard ratio; CI, confidence interval.

4. Discussion

Several studies showed higher risk of death in cancer patients with COVID-19,
along with higher rates of admission in the intensive care unit and development of severe
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complications from COVID-19 [4,37-44]. Worst outcomes, with death rates of 18.18% and
33.33%, were registered respectively among lung and blood cancer patients [45,46].

In our series of 120 patients affected by hematological neoplasms, the outcome was
poor, with higher frequency of hospitalization and death compared to data obtained from
general settings, confirming the first report published in August 2020, based on a multi-
center series of 536 hematological patients with COVID-19 [46]. However, breakthrough
COVID-19, occurring in those patients who developed COVID-19 despite full vaccination
cycle in our series was mild, being associated with a lower rate of hospitalization and
higher frequency of early viral clearance at 14 days. Preliminary reports show that patients
with hematological neoplasms have increased risk of developing breakthrough COVID-19
following full vaccination and remain susceptible to severe outcomes [47].

In patients with severe COVID-19, significant and global alterations in both T-, B-
and myeloid cell compartments have been described, and this underlines the immune
system’s effort to make up for lymphopenia and loss of naive T-cells by recruiting switched
B-memory cells, besides the cytokine storm and the functional and phenotypic alterations
of the innate response compartment [6,13,48].

The inappropriate response to the virus in patients with moderate and severe disease
is the result of a complex interaction between virus, host and environment which affect
entry, replication, egress and innate immune control [9,49]. In our series we could not find
any correlation between clinical severity or overall survival after COVID-19 associated
to changes in absolute counts of neutrophils. Differently from data obtained from the
general population or in cancer patients, the pre-infection absolute count of neutrophils
and lymphocytes, C-RP and LDH were not associated to OS in unvaccinated patients
included in our series [36,46]. However, C-RP and LDH were higher in those patients who
did not achieve viral clearance by 14 days, reflecting the impairment of the inflammatory
status in COVID-19 [50].

Surprisingly, patients with inferior outcome after COVID-19 had lower absolute mono-
cyte count, differently from previous reports in the general population, where an impair-
ment in monocyte counts and function has been largely described [9,10,51,52]. Indeed,
large studies on the general population showed that patients in severe-stages of COVID-19
had increased amounts of circulating CD14* CD16" monocytes which exert inflammatory
activity through increased release of IL-6 and interaction with adaptive B and T-cells [53,54].
However, decreased frequencies of non-classical monocytes, as consequence of dysregu-
lated emergency myelopoiesis, has been proposed to discriminate patients who develop a
severe form of COVID-19 [55,56]. Compared to COVID-19 patients without hematological
cancer, patients carrying hematological neoplasms have decreased percentages of classical
monocytes, immunoregulatory natural killer cells, double-positive T cells and B cells, that
could compromise an initial response to the infection [6].

Despite the limited number of patients involved in our work, our data confirm the
impairment in the viral clearance in patients affected by hematological neoplasms, and the
importance of early viral clearance on clinical outcome and overall survival. Patients who
did not develop seroconversion after COVID-19 vaccination had higher probability of
achieving viral clearance by 14 days, an independent predictor of overall survival at one
year for unvaccinated patients [2,50,57].

Thus, if on one hand patients carrying hematological neoplasms had increased risk of
not developing a serological response against COVID-19 infection [58,59] or vaccine [60-64],
due to treatment-mediated immune dysfunction, on the other hand they can improve viral
clearance if fully vaccinated [65,66]. This hypothesis needs to be tested in larger, multi-
center cohorts, to explore the clinical course of COVID-19 breakthroughs [47] and identify
an effective prevention strategy in contrasting severe/ critical forms of COVID-19 in patients
with hematological malignancies.
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5. Conclusions

Taken together, our results indicate that absolute monocyte count determined one
month before any documented SARS-CoV-2 infection could identify among patients af-
fected by hematological neoplasms those with increased risk of inferior overall survival at
one year, due to increased risk of hospitalization, lack of seroconversion and viral clearance
at 14 days.

Author Contributions: All authors have made substantial contributions to all of the following: Project
administration, A.R. and C.C. (Claudio Cerchione); methodology: A.R., C.C. (Claudio Cerchione)
and FED.R.; AR. and C.C. (Claudio Cerchione), interpreted the data and drafted the final article;
C.C. (Claudio Cerchione) and A.R., performed statistical analysis; A.R., C.C. (Claudio Cerchione),
C.C. (Concetta Conticello), S.F, A.B., A.C.,, VD.E,S.L.,, UM, GM., M.P. and ES,, selected patients,
acquired, analyzed and interpreted the data; ED.R., G.A.P,, C.C. (Concetta Conticello) and C.C.
(Claudio Cerchione), revised the article for important intellectual content and approved the final
version for submission. All authors contributed to the article and approved the submitted version.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki, and approved by the Ethics Committee of Azienda Policlinico Rodolico San
Marco (Comitato etico Catania 1, protocol code #CO.TIP. 34/2020/PO 0016693, date of approval:
15 April 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in the study are included in the
article. Further inquiries can be directed to the corresponding authors.

Conflicts of Interest: FD.R. and A.R. received honoraria by Amgen, Janssen, Celgene and Takeda.
GAP received honoraria from Abbvie, AOP, AstraZeneca, BMS Celgene, Jannsen, Novartis. U.M.
received honoraria from Amgen. The other authors declare no competing financial interests. The fun-
ders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the
writing of the manuscript, or in the decision to publish the results.

References

1. Zhou, P; Yang, X.L.; Wang, X.G.; Hu, B.; Zhang, L.; Zhang, W.; Si, H.R.; Zhu, Y,; Li, B.; Huang, C.L.; et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature 2020, 579, 270-273. [CrossRef] [PubMed]

2. Chai, C; Feng, X,; Lu, M,; Li, S.; Chen, K.; Wang, H.; Wang, W.; Tang, Z.; Cheng, G.; Wu, X,; et al. One-year mortality and
consequences of COVID-19 in cancer patients: A cohort study. IUBMB Life 2021, 73, 1244-1256. [CrossRef] [PubMed]

3. He, W.; Chen, L.; Chen, L.; Yuan, G.; Fang, Y.; Chen, W.; Wu, D.; Liang, B.; Lu, X;; Ma, Y.; et al. COVID-19 in persons with
haematological cancers. Leukemia 2020, 34, 1637-1645. [CrossRef]

4. Liang, J.; Jin, G,; Liu, T.; Wen, J.; Li, G.; Chen, L.; Wang, W.; Wang, Y.; Liao, W.; Song, J.; et al. Clinical characteristics and risk
factors for mortality in cancer patients with COVID-19. Front. Med. 2021, 15, 264-274. [CrossRef] [PubMed]

5. Tuty Kuswardhani, R.A.; Henrina, J.; Pranata, R.; Anthonius Lim, M.; Lawrensia, S.; Suastika, K. Charlson comorbidity index and
a composite of poor outcomes in COVID-19 patients: A systematic review and meta-analysis. Diabetes Metab. Syndr. 2020, 14,
2103-2109. [CrossRef]

6. Maia, C.; Martin-Sanchez, E.; Garcés, J.J.; De Cerio, A.L.; Inogés, S.; Landecho, M.E,; Gil-Alzugaray, B.; Perez, C.; Botta, C,;
Zabaleta, A.; et al. Immunologic characterization of COVID-19 patients with hematological cancer. Haematologica 2020, 106,
1457-1460. [CrossRef]

7. Dai,M,; Liu, D,; Liu, M.; Zhou, E; Li, G.; Chen, Z.; Zhang, Z.; You, H.; Wu, M.; Zheng, Q.; et al. Patients with Cancer Appear More
Vulnerable to SARS-CoV-2: A Multicenter Study during the COVID-19 Outbreak. Cancer Discov. 2020, 10, 783-791. [CrossRef]

8.  Meng, Y,; Lu, W; Guo, E; Liu, J.; Yang, B.; Wu, P; Lin, S.; Peng, T.; Fu, Y.; Li, F; et al. Cancer history is an independent risk factor
for mortality in hospitalized COVID-19 patients: A propensity score-matched analysis. J. Hematol. Oncol. 2020, 13, 75. [CrossRef]

9. Vanderbeke, L.; Van Mol, P.; Van Herck, Y.; De Smet, F.; Humblet-Baron, S.; Martinod, K.; Antoranz, A.; Arijs, I.; Boeckx, B.;
Bosisio, EM.; et al. Monocyte-driven atypical cytokine storm and aberrant neutrophil activation as key mediators of COVID-19
disease severity. Nat. Commun. 2021, 12, 4117. [CrossRef]

10. Qin, S; Jiang, Y.; Wei, X,; Liu, X,; Guan, J.; Chen, Y.; Lu, H; Qian, J.; Wang, Z.; Lin, X. Dynamic changes in monocytes subsets in

COVID-19 patients. Hum. Immunol. 2021, 82, 170-176. [CrossRef]


http://doi.org/10.1038/s41586-020-2012-7
http://www.ncbi.nlm.nih.gov/pubmed/32015507
http://doi.org/10.1002/iub.2536
http://www.ncbi.nlm.nih.gov/pubmed/34318585
http://doi.org/10.1038/s41375-020-0836-7
http://doi.org/10.1007/s11684-021-0845-6
http://www.ncbi.nlm.nih.gov/pubmed/33754280
http://doi.org/10.1016/j.dsx.2020.10.022
http://doi.org/10.3324/haematol.2020.269878
http://doi.org/10.1158/2159-8290.Cd-20-0422
http://doi.org/10.1186/s13045-020-00907-0
http://doi.org/10.1038/s41467-021-24360-w
http://doi.org/10.1016/j.humimm.2020.12.010

Cancers 2022, 14,1173 11 of 13

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kloc, M.; Ghobrial, R.M.; Lipiriska-Opatka, A.; Wawrzyniak, A.; Zdanowski, R.; Kalicki, B.; Kubiak, J.Z. Effects of vitamin D on
macrophages and myeloid-derived suppressor cells (MDSCs) hyperinflammatory response in the lungs of COVID-19 patients.
Cell. Immunol. 2021, 360, 104259. [CrossRef]

Adamo, S.; Chevrier, S.; Cervia, C.; Zurbuchen, Y.; Raeber, M.E; Yang, L.; Sivapatham, S.; Jacobs, A.; Baechli, E.; Rudiger, A ; et al.
Profound dysregulation of T cell homeostasis and function in patients with severe COVID-19. Allergy 2021, 76, 2866-2881.
[CrossRef] [PubMed]

Zhang, W.; Gao, Y.; Hu, G.; Chu, Q.; Yuan, X. Lymphocyte may be a reference index of the outcome of cancer patients with
COVID-19. Aging 2021, 13, 7733-7744. [CrossRef] [PubMed]

Kim, J.S.; Lee, ].Y,; Yang, ] W.; Lee, K.H.; Effenberger, M.; Szpirt, W.; Kronbichler, A.; Shin, J.I. Immunopathogenesis and treatment
of cytokine storm in COVID-19. Theranostics 2021, 11, 316-329. [CrossRef] [PubMed]

Kim, J.S.; Lee, KH.; Kim, G.E.; Kim, S.; Yang, ] W.; Li, H.; Hong, S.H.; Ghayda, R.A.; Kronbichler, A.; Koyanagi, A.; et al. Clinical
characteristics and mortality of patients with hematologic malignancies and COVID-19: A systematic review. Eur. Rev. Med.
Pharmacol. Sci. 2020, 24, 11926-11933. [CrossRef] [PubMed]

Bolton, K.L.; Koh, Y.; Foote, M.B.; Im, H.; Jee, J.; Sun, C.H.; Safonov, A.; Ptashkin, R.; Moon, J.H.; Lee, J.Y.; et al. Clonal
hematopoiesis is associated with risk of severe COVID-19. Nat. Commun. 2021, 12, 5975. [CrossRef]

Nakamura, K.; Smyth, M.J.; Martinet, L. Cancer immunoediting and immune dysregulation in multiple myeloma. Blood 2020,
136, 2731-2740. [CrossRef]

Giallongo, C.; Tibullo, D.; Parrinello, N.L.; La Cava, P; Di Rosa, M.; Bramanti, V.; Di Raimondo, C.; Conticello, C.; Chiarenza, A.;
Palumbo, G.A; et al. Granulocyte-like myeloid derived suppressor cells (G-MDSC) are increased in multiple myeloma and are
driven by dysfunctional mesenchymal stem cells (MSC). Oncotarget 2016, 7, 85764-85775. [CrossRef]

Palumbo, G.A; Parrinello, N.L.; Giallongo, C.; D’Amico, E.; Zanghi, A.; Puglisi, E; Conticello, C.; Chiarenza, A.; Tibullo, D.;
Raimondo, F.D.; et al. Monocytic Myeloid Derived Suppressor Cells in Hematological Malignancies. Int. J. Mol. Sci. 2019, 20,
5459. [CrossRef]

Romano, A.; Conticello, C.; Cavalli, M.; Vetro, C.; La Fauci, A ; Parrinello, N.L.; Di Raimondo, F. Inmunological dysregulation in
multiple myeloma microenvironment. Biomed. Res. Int. 2014, 2014, 198539. [CrossRef]

Romano, A.; Parrinello, N.L.; La Cava, P; Tibullo, D.; Giallongo, C.; Camiolo, G.; Puglisi, F; Parisi, M.; Pirosa, M.C.;
Martino, E.; et al. PMN-MDSC and arginase are increased in myeloma and may contribute to resistance to therapy. Expert
Rev. Mol. Diagn. 2018, 18, 675-683. [CrossRef]

Zavidij, O.; Haradhvala, N.J.; Mouhieddine, T.H.; Sklavenitis-Pistofidis, R.; Cai, S.; Reidy, M.; Rahmat, M.; Flaifel, A.; Ferland, B.;
Su, N.K,; et al. Single-cell RNA sequencing reveals compromised immune microenvironment in precursor stages of multiple
myeloma. Nat. Cancer 2020, 1, 493-506. [CrossRef] [PubMed]

Maffei, R.; Bulgarelli, J.; Fiorcari, S.; Bertoncelli, L.; Martinelli, S.; Guarnotta, C.; Castelli, I.; Deaglio, S.; Debbia, G.; De Biasi, S.; et al.
The monocytic population in chronic lymphocytic leukemia shows altered composition and deregulation of genes involved in
phagocytosis and inflammation. Haematologica 2013, 98, 1115-1123. [CrossRef] [PubMed]

Mikulkova, Z.; Manukyan, G.; Turcsanyi, P.; Kudelka, M.; Urbanova, R.; Savara, J.; Ochodkova, E.; Brychtova, Y.; Molinsky, J.;
Simkovic, M.; et al. Deciphering the complex circulating immune cell microenvironment in chronic lymphocytic leukaemia using
patient similarity networks. Sci. Rep. 2021, 11, 322. [CrossRef] [PubMed]

Manukyan, G.; Turcsanyi, P.; Mikulkova, Z.; Gabcova, G.; Urbanova, R.; Gajdos, P.; Smotkova Kraiczova, V.; Zehnalova, S.;
Papajik, T.; Kriegova, E. Dynamic changes in HLA-DR expression during short-term and long-term ibrutinib treatment in patients
with chronic lymphocytic leukemia. Leuk. Res. 2018, 72, 113-119. [CrossRef]

Ramsay, A.G.; Johnson, A.].; Lee, A.M.; Gorgiin, G.; Le Dieu, R.; Blum, W.; Byrd, J.C.; Gribben, J.G. Chronic lymphocytic leukemia
T cells show impaired immunological synapse formation that can be reversed with an immunomodulating drug. J. Clin. Investig.
2008, 118, 2427-2437. [CrossRef]

Amini, RM.; Enblad, G.; Hollander, P.; Laszlo, S.; Eriksson, E.; Ayoola Gustafsson, K.; Loskog, A.; Thorn, I. Altered profile of
immune regulatory cells in the peripheral blood of lymphoma patients. BMC Cancer 2019, 19, 316. [CrossRef]

Du, J.; Sun, X.; Song, Y. The study of CD14+HLA-DR-/low myeloid-drived suppressor cell (MDSC) in peripheral blood of
peripheral T-cell lymphoma patients and its biological function. Cell Mol. Biol. 2017, 63, 62—67. [CrossRef] [PubMed]

Marini, O.; Spina, C.; Mimiola, E.; Cassaro, A.; Malerba, G.; Todeschini, G.; Perbellini, O.; Scupoli, M.; Carli, G.; Facchinelli,
D.; et al. Identification of granulocytic myeloid-derived suppressor cells (G-MDSCs) in the peripheral blood of Hodgkin and
non-Hodgkin lymphoma patients. Oncotarget 2016, 7, 27676-27688. [CrossRef]

Romano, A.; Parrinello, N.L.; Vetro, C.; Forte, S.; Chiarenza, A.; Figuera, A.; Motta, G.; Palumbo, G.A.; Ippolito, M.; Consoli,
U.; et al. Circulating myeloid-derived suppressor cells correlate with clinical outcome in Hodgkin Lymphoma patients treated
up-front with a risk-adapted strategy. Br. . Haematol. 2015, 168, 689-700. [CrossRef]

Sato, Y.; Shimizu, K.; Shinga, J.; Hidaka, M.; Kawano, E.; Kakimi, K.; Yamasaki, S.; Asakura, M.; Fujii, S.I. Characterization of
the myeloid-derived suppressor cell subset regulated by NK cells in malignant lymphoma. Oncoimmunology 2015, 4, €995541.
[CrossRef] [PubMed]

Guo, R; Lii, M,; Cao, E; Wu, G.; Gao, F; Pang, H; Li, Y;; Zhang, Y.; Xing, H.; Liang, C.; et al. Single-cell map of diverse immune
phenotypes in the acute myeloid leukemia microenvironment. Biomark. Res. 2021, 9, 15. [CrossRef] [PubMed]


http://doi.org/10.1016/j.cellimm.2020.104259
http://doi.org/10.1111/all.14866
http://www.ncbi.nlm.nih.gov/pubmed/33884644
http://doi.org/10.18632/aging.202741
http://www.ncbi.nlm.nih.gov/pubmed/33735106
http://doi.org/10.7150/thno.49713
http://www.ncbi.nlm.nih.gov/pubmed/33391477
http://doi.org/10.26355/eurrev_202011_23852
http://www.ncbi.nlm.nih.gov/pubmed/33275265
http://doi.org/10.1038/s41467-021-26138-6
http://doi.org/10.1182/blood.2020006540
http://doi.org/10.18632/oncotarget.7969
http://doi.org/10.3390/ijms20215459
http://doi.org/10.1155/2014/198539
http://doi.org/10.1080/14737159.2018.1470929
http://doi.org/10.1038/s43018-020-0053-3
http://www.ncbi.nlm.nih.gov/pubmed/33409501
http://doi.org/10.3324/haematol.2012.073080
http://www.ncbi.nlm.nih.gov/pubmed/23349302
http://doi.org/10.1038/s41598-020-79121-4
http://www.ncbi.nlm.nih.gov/pubmed/33431934
http://doi.org/10.1016/j.leukres.2018.08.006
http://doi.org/10.1172/JCI35017
http://doi.org/10.1186/s12885-019-5529-0
http://doi.org/10.14715/cmb/2017.63.3.12
http://www.ncbi.nlm.nih.gov/pubmed/28466815
http://doi.org/10.18632/oncotarget.8507
http://doi.org/10.1111/bjh.13198
http://doi.org/10.1080/2162402X.2014.995541
http://www.ncbi.nlm.nih.gov/pubmed/25949922
http://doi.org/10.1186/s40364-021-00265-0
http://www.ncbi.nlm.nih.gov/pubmed/33648605

Cancers 2022, 14,1173 12 of 13

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Melo Garcia, L.; Barabé, F. Harnessing Macrophages through the Blockage of CD47: Implications for Acute Myeloid Leukemia.
Cancers 2021, 13, 6258. [CrossRef] [PubMed]

Swatler, J.; Turos-Korgul, L.; Kozlowska, E.; Piwocka, K. Immunosuppressive Cell Subsets and Factors in Myeloid Leukemias.
Cancers 2021, 13, 1203. [CrossRef]

Miari, K.E.; Guzman, M.L.; Wheadon, H.; Williams, M.T.S. Macrophages in Acute Myeloid Leukaemia: Significant Players in
Therapy Resistance and Patient Outcomes. Front. Cell Dev. Biol. 2021, 9, 692800. [CrossRef] [PubMed]

Kiani, A.; Roesch, R.; Wendtner, C.M.; Kullmann, E; Kubin, T.; Stidhoff, T.; Augustin, M.; Schaich, M.; Miiller-Naendrup, C.;
Illerhaus, G.; et al. Preinfection laboratory parameters may predict COVID-19 severity in tumor patients. Cancer Med. 2021, 10,
4424-4436. [CrossRef]

Basse, C.; Diakite, S.; Servois, V.; Frelaut, M.; Noret, A.; Bellesoeur, A.; Moreau, P.; Massiani, M.A.; Bouyer, A.S.; Vuagnat, P; et al.
Characteristics and Outcome of SARS-CoV-2 Infection in Cancer Patients. JNCI Cancer Spectr. 2021, 5, pkaa090. [CrossRef]
Garcia-Sudrez, ].; de la Cruz, J.; Cedillo, A.; Llamas, P; Duarte, R.; Jiménez-Yuste, V.; Hernandez-Rivas, J.; Gil-Manso, R.; Kwon,
M.; Sanchez-Godoy, P; et al. Impact of hematologic malignancy and type of cancer therapy on COVID-19 severity and mortality:
Lessons from a large population-based registry study. J. Hematol. Oncol. 2020, 13, 133. [CrossRef]

Grivas, P; Khaki, A.R.; Wise-Draper, T.M.; French, B.; Hennessy, C.; Hsu, C.Y.; Shyr, Y.; Li, X.; Choueiri, T.K,; Painter, C.A.; et al.
Association of clinical factors and recent anticancer therapy with COVID-19 severity among patients with cancer: A report from
the COVID-19 and Cancer Consortium. Ann. Oncol. 2021, 32, 787-800. [CrossRef]

Levy, L; Lavi, A.; Zimran, E.; Grisariu, S.; Aumann, S.; Itchaki, G.; Berger, T.; Raanani, P.; Harel, R.; Aviv, A.; et al. COVID-19
among patients with hematological malignancies: A national Israeli retrospective analysis with special emphasis on treatment
and outcome. Leuk. Lymphoma 2021, 62, 3384-3393. [CrossRef]

Levy, L; Sharf, G.; Norman, S.; Tadmor, T. The impact of COVID-19 on patients with hematological malignancies: The mixed-
method analysis of an Israeli national survey. Support Care Cancer 2021, 29, 7591-7599. [CrossRef] [PubMed]

Michot, J.M.; Hueso, T.; Ibrahimi, N.; Pommeret, F.; Willekens, C.; Colomba, E.; Francis, S.; Bayle, A.; Cournede, PH.; Merad,
M.; et al. Severe COVID-19 in patients with hematological cancers presenting with viremia. Ann. Oncol. 2021, 32, 1297-1300.
[CrossRef] [PubMed]

Pagano, L.; Salmanton-Garcia, J.; Marchesi, F.; Busca, A.; Corradini, P.; Hoenigl, M.; Klimko, N.; Koehler, P.; Pagliuca, A.;
Passamonti, F.; et al. COVID-19 infection in adult patients with hematological malignancies: A European Hematology Association
Survey (EPICOVIDEHA). J. Hematol. Oncol. 2021, 14, 168. [CrossRef] [PubMed]

Yigenoglu, T.N.; Ata, N.; Altuntas, F; Basci, S.; Dal, M.S.; Korkmaz, S.; Namdaroglu, S.; Basturk, A.; Hacibekiroglu, T.;
Dogu, M.H.; et al. The outcome of COVID-19 in patients with hematological malignancy. |. Med. Virol. 2021, 93, 1099—
1104. [CrossRef] [PubMed]

Johannesen, T.B.; Smeland, S.; Aaserud, S.; Buanes, E.A.; Skog, A.; Ursin, G.; Helland, A. COVID-19 in Cancer Patients, Risk
Factors for Disease and Adverse Outcome, a Population-Based Study From Norway. Front. Oncol. 2021, 11, 652535. [CrossRef]
Passamonti, F.; Cattaneo, C.; Arcaini, L.; Bruna, R; Cavo, M.; Merli, F; Angelucci, E.; Krampera, M.; Cairoli, R,;
Della Porta, M.G; et al. Clinical characteristics and risk factors associated with COVID-19 severity in patients with haematological
malignancies in Italy: A retrospective, multicentre, cohort study. Lancet Haematol. 2020, 7, e737—e745. [CrossRef]

Schmidt, A.L.; Labaki, C.; Hsu, C.Y.; Bakouny, Z.; Balanchivadze, N.; Berg, S.A.; Blau, S.; Daher, A.; El Zarif, T.; Friese, C.R; et al.
COVID-19 vaccination and breakthrough infections in patients with cancer. Ann. Oncol. 2021, 33, 340-346. [CrossRef]

Bilich, T.; Roerden, M.; Maringer, Y.; Nelde, A.; Heitmann, J.S.; Dubbelaar, M.L.; Peter, A.; Horber, S.; Bauer, ].; Rieth, J.; et al.
Preexisting and Post-COVID-19 Immune Responses to SARS-CoV-2 in Patients with Cancer. Cancer Discov. 2021, 11,
1982-1995. [CrossRef]

Mathew, D.; Giles, J.R.; Baxter, A.E.; Oldridge, D.A.; Greenplate, A.R.; Wu, ].E.; Alanio, C.; Kuri-Cervantes, L.; Pampena, M.B,;
D’Andrea, K,; et al. Deep immune profiling of COVID-19 patients reveals distinct immunotypes with therapeutic implications.
Science 2020, 4, 369. [CrossRef]

Pinato, D.J.; Patel, M.; Scotti, L.; Colomba, E.; Dolly, S.; Loizidou, A.; Chester, J.; Mukherjee, U.; Zambelli, A.; Dalla Pria, A.; et al.
Time-Dependent COVID-19 Mortality in Patients With Cancer: An Updated Analysis of the OnCovid Registry. JAMA Oncol.
2022, 8, 114-122. [CrossRef]

Varchetta, S.; Mele, D.; Oliviero, B.; Mantovani, S.; Ludovisi, S.; Cerino, A.; Bruno, R.; Castelli, A.; Mosconi, M.; Vecchia, M.; et al.
Unique immunological profile in patients with COVID-19. Cell. Mol. Immunol. 2021, 18, 604-612. [CrossRef] [PubMed]
Brunetta, E.; Folci, M.; Bottazzi, B.; De Santis, M.; Gritti, G.; Protti, A.; Mapelli, S.N.; Bonovas, S.; Piovani, D.; Leone, R.; et al.
Macrophage expression and prognostic significance of the long pentraxin PTX3 in COVID-19. Nat. Immunol. 2021, 22, 19-24.
[CrossRef] [PubMed]

Henry, B.M.; de Oliveira, M.H.S.; Benoit, S.; Plebani, M.; Lippi, G. Hematologic, biochemical and immune biomarker abnormalities
associated with severe illness and mortality in coronavirus disease 2019 (COVID-19): A meta-analysis. Clin. Chem. Lab Med. 2020,
58,1021-1028. [CrossRef] [PubMed]

Meidaninikjeh, S.; Sabouni, N.; Marzouni, H.Z.; Bengar, S.; Khalili, A.; Jafari, R. Monocytes and macrophages in COVID-19:
Friends and foes. Life Sci. 2021, 269, 119010. [CrossRef]


http://doi.org/10.3390/cancers13246258
http://www.ncbi.nlm.nih.gov/pubmed/34944878
http://doi.org/10.3390/cancers13061203
http://doi.org/10.3389/fcell.2021.692800
http://www.ncbi.nlm.nih.gov/pubmed/34249942
http://doi.org/10.1002/cam4.4023
http://doi.org/10.1093/jncics/pkaa090
http://doi.org/10.1186/s13045-020-00970-7
http://doi.org/10.1016/j.annonc.2021.02.024
http://doi.org/10.1080/10428194.2021.1966782
http://doi.org/10.1007/s00520-021-06324-4
http://www.ncbi.nlm.nih.gov/pubmed/34128108
http://doi.org/10.1016/j.annonc.2021.07.002
http://www.ncbi.nlm.nih.gov/pubmed/34265373
http://doi.org/10.1186/s13045-021-01177-0
http://www.ncbi.nlm.nih.gov/pubmed/34649563
http://doi.org/10.1002/jmv.26404
http://www.ncbi.nlm.nih.gov/pubmed/32776581
http://doi.org/10.3389/fonc.2021.652535
http://doi.org/10.1016/S2352-3026(20)30251-9
http://doi.org/10.1016/j.annonc.2021.12.006
http://doi.org/10.1158/2159-8290.CD-21-0191
http://doi.org/10.1126/science.abc8511
http://doi.org/10.1001/jamaoncol.2021.6199
http://doi.org/10.1038/s41423-020-00557-9
http://www.ncbi.nlm.nih.gov/pubmed/33060840
http://doi.org/10.1038/s41590-020-00832-x
http://www.ncbi.nlm.nih.gov/pubmed/33208929
http://doi.org/10.1515/cclm-2020-0369
http://www.ncbi.nlm.nih.gov/pubmed/32286245
http://doi.org/10.1016/j.lfs.2020.119010

Cancers 2022, 14,1173 13 of 13

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Silvin, A.; Chapuis, N.; Dunsmore, G.; Goubet, A.G.; Dubuisson, A.; Derosa, L.; Almire, C.; Hénon, C.; Kosmider, O.; Droin,
N.; et al. Elevated Calprotectin and Abnormal Myeloid Cell Subsets Discriminate Severe from Mild COVID-19. Cell 2020, 152,
1401-1418. [CrossRef]

Martin-Sanchez, E.; Garcés, J.J.; Maia, C.; Inogés, S.; Lopez-Diaz de Cerio, A.; Carmona-Torre, E.; Marin-Oto, M.; Alegre, F;
Molano, E.; Fernandez-Alonso, M.; et al. Immunological Biomarkers of Fatal COVID-19: A Study of 868 Patients. Front. Immunol.
2021, 12, 659018. [CrossRef]

Lee, C.Y.; Shah, M.K,; Hoyos, D.; Solovyov, A.; Douglas, M.; Taur, Y.; Maslak, P.; Babady, N.E.; Greenbaum, B.; Kamboj, M.; et al.
Prolonged SARS-CoV-2 Infection in Patients with Lymphoid Malignancies. Cancer Discov. 2022, 12, 62-73. [CrossRef]
Passamonti, F.; Romano, A.; Salvini, M.; Merli, F.; Porta, M.G.D.; Bruna, R.; Coviello, E.; Romano, I.; Cairoli, R.; Lemoli, R.; et al.
COVID-19 elicits an impaired antibody response against SARS-CoV-2 in patients with haematological malignancies. Br. .
Haematol. 2021, 195, 371-377. [CrossRef]

Greenberger, L.M.; Saltzman, L.A.; Senefeld, ].W.; Johnson, PW.; DeGennaro, L.J.; Nichols, G.L. Antibody response to SARS-CoV-2
vaccines in patients with hematologic malignancies. Cancer Cell 2021, 39, 1031-1033. [CrossRef]

Herzog Tzarfati, K.; Gutwein, O.; Apel, A.; Rahimi-Levene, N.; Sadovnik, M.; Harel, L.; Benveniste-Levkovitz, P.; Bar Chaim, A;
Koren-Michowitz, M. BNT162b2 COVID-19 vaccine is significantly less effective in patients with hematologic malignancies. Am.
J. Hematol. 2021, 96, 1195-1203. [CrossRef]

Maneikis, K.; Sablauskas, K; Ringelevicitité, U.; Vaitekénaité, V.; Cekauskiene, R.; Kryzauskaité, L.; Naumovas, D.; Banys, V.;
Pecelifinas, V.; Beinortas, T.; et al. Immunogenicity of the BNT162b2 COVID-19 mRNA vaccine and early clinical outcomes
in patients with haematological malignancies in Lithuania: A national prospective cohort study. Lancet Haematol. 2021, 8,
e583-e592. [CrossRef]

Pasikhova, Y.; Morrison, A.R.; Katzman, J.H.; Syed, M. Immunogenicity of the COVID-19 Two-Vaccination Series Among
Hematologic Malignancies: Report of Three Cases of Breakthrough Infection. Cancer Control 2022, 29, 10732748211070720.
[CrossRef] [PubMed]

Pimpinelli, E; Marchesi, F,; Piaggio, G.; Giannarelli, D.; Papa, E.; Falcucci, P.; Pontone, M.; Di Martino, S.; Laquintana, V.; La Malfa,
A.; et al. Fifth-week immunogenicity and safety of anti-SARS-CoV-2 BNT162b2 vaccine in patients with multiple myeloma and
myeloproliferative malignancies on active treatment: Preliminary data from a single institution. J. Hematol. Oncol. 2021, 14, 81.
[CrossRef] [PubMed]

Tran, S.; Truong, T.H.; Narendran, A. Evaluation of COVID-19 vaccine response in patients with cancer: An interim analysis. Eur.
J. Cancer 2021, 159, 259-274. [CrossRef]

Ollila, T.A.; Lu, S.; Masel, R.; Zayac, A.; Paiva, K.; Rogers, R.D.; Olszewski, A.]. Antibody Response to COVID-19 Vaccination in
Adults With Hematologic Malignant Disease. JAMA Oncol. 2021, 7, 1714-1716. [CrossRef]

Barriere, J.; Re, D.; Peyrade, E.; Carles, M. Current perspectives for SARS-CoV-2 vaccination efficacy improvement in patients
with active treatment against cancer. Eur. J. Cancer 2021, 154, 66-72. [CrossRef]


http://doi.org/10.1016/j.cell.2020.08.002
http://doi.org/10.3389/fimmu.2021.659018
http://doi.org/10.1158/2159-8290.CD-21-1033
http://doi.org/10.1111/bjh.17704
http://doi.org/10.1016/j.ccell.2021.07.012
http://doi.org/10.1002/ajh.26284
http://doi.org/10.1016/S2352-3026(21)00169-1
http://doi.org/10.1177/10732748211070720
http://www.ncbi.nlm.nih.gov/pubmed/35001670
http://doi.org/10.1186/s13045-021-01090-6
http://www.ncbi.nlm.nih.gov/pubmed/34001183
http://doi.org/10.1016/j.ejca.2021.10.013
http://doi.org/10.1001/jamaoncol.2021.4381
http://doi.org/10.1016/j.ejca.2021.06.008

	Introduction 
	Materials and Methods 
	Patients’ Selection 
	Procedures 
	Statistical Analysis 

	Results 
	Characteristics of the Cohort 
	Outcome of COVID-19 in Patients Affected by Hematological Neoplasms 
	Pre-Infection Biomarkers Associated to Inferior Overall Survival in Unvaccinated Patients with Hematological Malignancy and SARS-CoV-2 Infection 

	Discussion 
	Conclusions 
	References

