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Abstract: The SARS-CoV-2 Omicron variant has posed global health challenges, particularly for
individuals with haematological malignancies. This study aimed to characterize clinical and
immunological aspects of Omicron-infected haematological malignancy patients and compare them to
the general population. In a retrospective study from Dec 3, 2022, to Apr 30, 2023, we assessed SARS-
CoV-2-positive patients in the Haematology Department (study group) and randomly selected control
patients from other departments. Clinical symptoms were similar, but pneumonia was more common in
the patients with haematological malignancies. Haemoglobin and platelet levels were notably lower in
the study group, and they had a higher viral load with lower intracellular ATP levels in CD4+ and CD8+
T cells. CD8+ ATP levels were further reduced in lymphocytic malignancies. Risk factors for mortality
included age >60 years, ECOG score >3, CRP >50 mg/L, and NLR >6.5. This study emphasizes the
significance of cellular immune responses in Omicron-infected haematological malignancy patients.
Tailored clinical strategies and close monitoring are crucial for this vulnerable group due to potential
immune impairments and associated risks.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has highly variable disease severity.
Immunocompromised patients have been reported to experience more severe cases and worse clinical
outcome due to impaired immune defenses resulting from both underlying disease and treatment. Within
three years, the SARS-CoV-2 Omicron variant become the dominant variant worldwide and has since
evolved into several variants. The emergence of the highly infectious Omicron and its subvariant has
greatly increased the prevalence of breakthrough infection. As China transitions away from zero —
COVID strategy, COVID-19 is now classified as a Class B infectious disease and is subject to the
preventive and control measures designated for a Class B infectious disease. In the post - COVID 19 era,
as the nation prepares for an unprecedented wave of infections spreading from its major cities to
its vast rural areas, symptoms and clinical outcomes of immunocompromised patients considered
a highly vulnerable population to Omicron infection-merit attention. Recent studies have reported
an overall COVID-19 related mortality rate of 32 to 40% in hematological patients, which is higher than
that in general population ['*. The Omicron variant is reported to be milder than the Delta variant,
primarily affecting the upper respiratory tract with considerable clinical symptoms but exhibiting low
mortality P). The in-hospital mortality rate for general population stood at 7.1% in the United States
(6], In a Chinese survey of 1690 patients with autoimmune inflammatory rheumatic diseases and
confirmed SARS-CoV-2 infection, 3.4% were hospitalized and 2.7% developed severe disease,
and the mortality rate was only 0.4% ["1. Do immunocompromised patients exhibit atypical clinical
manifestations, an increased risk for severe cases, or higher mortality? The relationship between
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hematological malignancies and clinical outcomes after contracting the SARS-CoV-2 Omicron variant
remains ambiguous, and adverse prognostic factors are not well-defined.

It has been reported that patients with hematological malignancies and those who have undergone
hematopoietic stem cell transplantation are more likely to develop severe infections or experience higher
mortality, partly due to prolonged viral shedding especially in the elderly -3, However, patients
presumed to be at a higher risk of severe disease might also exhibit reduced detrimental inflammatory
responses ¥, Numerous studies have indicated that the T cell response is crucial for protection against
SARS-CoV-2, but it is relatively impaired in severe cases, which present with both intense T cell
activation and lymphopenia ['4!8  Evaluating T cell reactivity in patients with hematological
malignancies could potentially predict clinical outcomes and guide the timely management of SARS-
CoV-2 infections. In this context, we detail the demographic characteristics, laboratory and imaging
findings, cellular immune functions, and outcomes among patients with hematological malignancies
infected with the Omicron variant. Our findings suggest that intracellular adenosine triphosphate (ATP)
levels in stimulated T cells could serve as a potential prognostic factor, aiding risk assessment and
decision-making for effective supportive care following acute Omicron infection.

2. Patients and methods
2.1. Study design and participants

This retrospective study involved patients with PCR-documented SARS-CoV-2 infection diagnosed
between Dec 3rd, 2022, and Apr 30th, 2023, in the Hematology Department. Cases with hematological
malignancy were included in the study group. Patients without hematological or solid organ neoplasms
who were admitted to other departments were randomly assigned to the control group. The study received
approval from the Ethical Committee of The Fifth Affiliated Hospital of Guangzhou Medical University,
and informed consent was obtained from all participants.

2.2. Data collection

Baseline characteristics, treatments (chemotherapy or targeted therapy) for underlying diseases,
laboratory data, and clinical outcomes were compiled, with data collection completed by May 31, 2023.
The performance status at the time of COVID-19 diagnosis was graded based on the Eastern Cooperative
Oncology Group (ECOG) score [!°]. Disease status at the time of SARS-CoV-2 detection was categorized
according to the revised criteria specific to each disease, such as leukemia, myeloproliferative neoplasm,
multiple myeloma, and lymphoma. Baseline laboratory variables, including absolute lymphocyte and
neutrophil counts, neutrophil to lymphocyte ratio (NLR), hemoglobin levels, platelet counts, lymphocyte
subsets, T cell ATP levels, C-reactive protein (CRP), serum amyloid protein (SAA), T helper cell (Th)
1/Th2 cytokines, and D-dimer levels, were collected within 3 days post SARS-CoV-2 detection.
Pneumonia was identified by the presence of a new or progressing infiltrate on a chest CT scan. The
majority of patients were monitored weekly until SARS-CoV-2 was no longer detected, particularly when
their conditions improved or deteriorated.

2.3. Statistical analysis

For continuous variables, both the median and range were used. Group means were compared using
the independent group t-test for normally distributed data and the Mann—Whitney test for non-normally
distributed data. Laboratory variables at each measurement point during the SARS-CoV-2 infection were
analyzed using the repeated measurement test. A P-value of < 0.05 was deemed statistically significant.
Survival outcomes were evaluated using the Kaplan—Meier estimator. Overall survival (OS) was defined
as the duration from SARS-CoV-2 detection to either death from any cause or the last follow-up date.
Analyses were conducted using IBM SPSS version 20.0 and GraphPad Prism v10.0.

3. Results
3.1. Patient characteristics

This study comprised 60 patients with laboratory-confirmed SARS-CoV-2, of which 30 had
hematological malignancy (forming the study group) and 30 served as controls (control group). The
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median age at the time of COVID-19 diagnosis in the study group was 59 years (range: 16 — 85). This
group included 14 patients with myeloid malignancy and 16 with lymphocytic malignancy. Only two
patients had undergone allogeneic hematopoietic stem cell transplantation (allo-SCT), with the time from
transplantation to SARS-CoV-2 infection being 38 and 172 days, respectively. Among those in the study
group, 19 patients were either currently receiving or had recently received (within the past 30 days)
chemotherapy. This includes eight patients who were in the phase of treatment-related bone marrow
suppression. One patient was on a Bruton tyrosine kinase (BTK) inhibitor, six on venetoclax, three on
Fms-like tyrosine kinase 3 (FLT3) inhibitor, three on histone deacetylase (HDAC) inhibitor, two on a
tyrosine kinase inhibitor, and one on an isocitrate dehydrogenase 2 (IDH2) inhibitor. Both chemotherapy
and oral immunosuppressants or targeted drugs were postponed until SARS-CoV-2 was no longer
detected. Patient and disease characteristics are detailed in Table 1. Characteristics such as age, gender,

and ECOG score were well-balanced

between the two groups.

Table 1: Clinical and laboratory characteristics.

Characteristics Hematological disease (n = 30) non-Hematological disease (n = 30)| p value
|Age (years), median (range) 59 (16 — 85) 63 (14-75) 0.305
£ 60 years, n (%) 16 (53.33) 12 (40.00)
60 years, n (%) 14 (46.67) 18 (60)
iGender, Male/Female 15/15 13/17 0.608
Baseline disease, n (%)
IAML 12 (40.00) IN/A
IALL 4 (13.33) IN/A
MPD 2 (6.67) IN/A
INHL 12 (40.00) IN/A
IDisease status, n (%) IN/A
CR 15 (50) IN/A
mon-CR 15 (50) IN/A
|Allo-SCT, n (%) 2 (6.67) IN/A
IChemotherapy within 30 days, n (%) 19 (3.33) IN/A
[Under targeted or immunosuppressive
drugs, n (%) 14 (46.66) IN/A
Performance status, n (%) 0.757
ECOG <3 20 (66.67) 24 (80)
ECOG >3 10 (33.33) 6 (20)
Symptoms, n (%)
IFever 20 (66.67) 16 (53.33) 0.798
Myalgia 12 (40) 9 (30) 0.421
Fatigue 11 (36.67) 6 (20) 0.155
IPharyngitis 11 (36.67) 14 (46.67) 0.436
Cough 22 (73.33) 21 (70) 0.776
Short breath 7 (23.33) 11 (36.67) 0.264
3[();’0)rmal radiological pulmonary finding, 17 (56.67) 9 (30) 0.039
ILaboratory characteristics
Ct values, median (range) 28.94 (21.16 - 39.29) 35.28 (21.17 - 39.22) 0.003
IANC (x 10°/L), median (range) 2.03 (0.00 - 21.59) 5.04 (0.02 - 20.39) 0.128
ANC < 1,n (%) 7 (23.33) 1(3.33)
ANC <0.5,n (%) 6 (20) 1(3.33)
IALC (x 10°/L), median (range) 0.67 (0.09 - 81.94) 1.24 (0.23 -3.14) 0.138
ALC <1,n (%) 23 (76.67) 11 (36.67)
HGB (g/L), median (range) 94 (33 - 156) 120.5 (58 - 141) 0.009
HGB < 100, n (%) 17 (56.67) 8 (26.67)
IPLT (x 10%/L), median (range) 121.5 (7 - 306) 212 (1 -370) 0.000
PLT <100, n (%) 13 (43.33) 5 (16.67)
SAA > 100 mg/L, n (%) 18 (60) 12 (40) 0.305
ICRP > 20 mg/L (n, %) 16 (53.33) 9 (30) 0.188
ID-dimer > 500 ng/mL (n, %) 19 (63.33) 6 (20) 0.262
IJATPcp4 (ng/ml), mean = SD 152.43 £173.42 367.05+£161.8 0.000
IATP¢ps (ng/ml), mean + SD 103.72 £ 132.12 326.92 + 125.96 0.000
ICOVID-19 related mortality, n (%) 4 (13.33) 6 (20) 0.812
Median time from diagnosis to death, days b3 (16-32) 66 (53-71) 0016
(range)

AML: acute myeloid leukemia; ALL: acute lymphoblastic leukemia; MPD: myeloproliferative

disorders; NHL: Non-Hodgkin's lymphomas; CR:

complete remission; allo-SCT:

allogeneic

hematopoietic stem cell transplantation; ECOG: Eastern Cooperative Oncology Group; Ct values: cycle
threshold values; ANC: absolute neutrophil count; ALC: absolute lymphocyte count; HGB: hemoglobin;
PLT: platelet; SAA: serum amyloid A; CRP: C-reactive protein.
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3.2. Clinical manifestations and laboratory characteristics

The most common clinical features in both the study group and the control group were cough (73.3%
vs 70%) and fever (66.7% vs 53.3%). Other symptoms included myalgia (50% vs 30%), fatigue (36.7%
vs 20%), pharyngitis (36.67% vs 46.67%), and shortness of breath (23.33% vs 36.67%). Only one patient,
who had undergone allo-SCT 38 days prior to SARS-CoV-2 infection, developed myocarditis. No patient
in either group developed diarrhea. Pneumonia, confirmed by CT scan, was observed in 17 (56.67%)
patients with hematological malignancy, of which 5 (29.41%) developed acute respiratory distress
syndrome (ARDS). In the control group, 9 (30%) patients developed pneumonia, with 2 (22.22%) of
them developing ARDS.

Full blood count results indicated that the neutrophil count was not statistically different between the
study group and the control (3.76 + 4.82 vs 5.46 = 3.61 x 10°/L, P = 0.128). However, more patients in
the study group exhibited agranulocytosis (P = 0.046). One patient diagnosed with chronic lymphocytic
leukemia was excluded from the lymphocyte count analysis due to extremely high lymphocyte counts.
Lymphocyte counts, which were reduced in 23 of 29 patients in the study group and 11 of 30 in the
control group, showed no significant difference between the two groups (0.86 £ 0.97 vs 1.18 + 0.63 %
109/L, P = 0.138). The neutrophil to lymphocyte ratio (NLR) was 9.27 + 11.62 in the study group and
5.95 + 6.10 in the control, with no significant difference (P = 0.611). Hemoglobin (HGB) levels and
platelet count were significantly lower in the study group compared to the control group (HGB: 56.67%
vs 26.67%, P = 0.039; PLT: 43.33% vs 16.67%, P = 0.013), registering at §9.77 + 33.98 vs 110.90 +
55.94 g/L (P =0.009) and 116.63 + 79.81 vs 206.4 + 97.23 x 109/L (P = 0.000), respectively.

The median cycle threshold (Ct) value of SARS-CoV-2 for patients in the study group was 28.94
(range 21.16 - 39.29), which was significantly lower than that of the control group (35.28, range 21.17 —
39.22) (P=0.003). Biomarkers for SARS-CoV-2 infection showed no difference between the two groups.
Most patients had elevated CRP and SAA levels (CRP > 20 mg/L: 53.33% vs 30%, P = 0.188; SAA >
100 mg/L: 60% vs 46.67%, P =0.305). However, levels of acute-response cytokines, such as interleukin
(IL) - 6, 2, 4, 10, interferon y (IFN-y), and tumor necrosis factor a (TNF-a), were not elevated.

3.3. Analysis of T cell immune function
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Figure 1: A. ATPCD4 and ATPCDS of patients with hematological malignancy were significantly lower
than those in the control group (P = 0.000). ATPCDS8 were significantly higher in patients with myeloid
malignancy compared to those with lymphocytic malignancy (P = 0.041). B. The mortality rates
between the two groups were not statistically different (P = 0.812). C. Risk factors for mortality, from
the time of SARS-CoV-2 detection to the last follow-up, included age > 60 years, an ECOG score > 3,
SAA > 50 mg/L, and NLR > 6.5, but ATPCD4 and ATPCDS were not significantly associated with
mortality.
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T cell activity in patients with hematological malignancies was assessed through lymphocyte subtype
analysis and the quantification of intracellular ATP levels in stimulated T cells. The percentages of CD4,
CD8, B cells, and NK cells were 31.84 + 17.63 (%), 31.34 = 11.91 (%), 8.16 = 17.32 and 13.47 + 11.01
(%), respectively. There was a notable decrease in the percentages of CD4 and NK cells compared to the
reference values (CD4: t = -2.223, P = 0.034; NK: t = -4.989, P = 0.000). Intracellular ATP levels in
CD4+ and CD8+ (ATPcps and ATPcpg) were compared between 24 patients with hematological
malignancy and 20 patients in the control group. In the study group, ATPcps and ATPcpg were 152.43 +
173.42 ng/ml and 103.72 + 132.12 ng/ml, respectively. These values were significantly lower than those
in the control group, which were 367.05 + 161.80 ng/ml and 326.92 £ 125.96 ng/ml, respectively (P =
0.000 for both, Figure 1A).

3.4. Myeloid malignancy versus lymphocytic malignancy

Among the patients with hematological malignancies, we further compared the clinical and laboratory
parameters between those with myeloid malignancies and those with lymphocytic malignancies. The
characteristics of both groups were similar in terms of all baseline covariates used for analysis. When
comparing the myeloid and lymphoid groups, there were no significant differences in full blood count,
NLR, infection biomarkers, lymphocyte subtypes, or levels of acute-response cytokines (P> 0.05 for all).
ATPcps were 96.28 £ 98.63 ng/ml in the lymphocytic group and 218.79 £+ 220.35 ng/ml in the myeloid
group, with no significant difference between the two (P = 0.084). However, ATPcps were significantly
higher in patients with myeloid malignancy (169.28 + 168.76 ng/ml) compared to those with lymphocytic
malignancy (48.25 + 49.52 ng/ml) (P = 0.041) (Figure 1A). Furthermore, patients with myeloid
malignancies took less time to test negative for SARS-CoV-2 compared to those with lymphocytic
malignancies (18.43 + 7.82 vs 30.06 & 23.88 days, P = 0.034).

3.5. Outcome and mortality

After a median follow-up of 142 days (range: 16 - 165), 26 patients with hematological malignancies
had fully recovered, with a median recovery time of 21 days (range: 7 - 116) from SARS-CoV-2 detection.
Four of these patients died, resulting in a mortality rate of 13.33%. In the control group, five patients had
died by the end of the last follow-up. However, the recovery time for those who survived could not be
recorded, as many did not undergo a retest for SARS-CoV-2. The mortality rates between the two groups
were not statistically different (P =0.812) (Figure 1B). Risk factors for mortality, from the time of SARS-
CoV-2 detection to the last follow-up, included age > 60 years, an ECOG score > 3, SAA > 50 mg/L, and
NLR > 6.5 (P values: 0.020, 0.000, 0.012, and 0.000, respectively, Figure 1C). The predictive value of
NLR for mortality was divided into two subgroups: a "high cut-off value" (cut-off > 6.5) and a "low cut-
off value" (< 6.5), based on Li’s study [?°!. Factors such as diagnosis, disease status, chemotherapy or
targeted therapy, pneumonia status, full blood count, ATP cps and ATP ¢pgs were not significantly
associated with mortality (P > 0.05 for all) (Figure 1C).

4. Discussion

We present a report of patients with hematological malignancies infected by the SARS-CoV-2
Omicron variant in the post-COVID-19 era. We compared clinical symptoms, laboratory characteristics,
and outcomes between patients with and without hematological malignancies, with a particular focus on
T cell responses to SARS-CoV-2. Our results indicate an overall mortality rate of 13.33% in patients with
hematological malignancies within a median follow-up of 142 days from Omicron detection. This
mortality rate is higher than the in-hospital mortality for the general population in the United States and
a large cohort study in England [® 2!l. These findings align with previously reported results 1> 12 221,
Mortality related to Omicron varies among immunocompromised patients, with cancer or organ
transplantation considered high-risk factors for severe cases 3. The TERAVOLT study reported an
Omicron-related mortality rate of 3.2% in 346 patients with thoracic malignancies ?*. Pinato et al.
reported a 28-day case-fatality rate of less than 13% in cancer patients with Omicron ?°!. In our study,
the Omicron mortality rate among patients with hematologic malignancies is slightly higher than the
rates mentioned above. However, it did not show a significant increase compared to the control group,
which might be attributed to the overall lower mortality rate of the Omicron variant.

COVID-19 mortality in this study was influenced by advanced age, poor performance status, and a
severe inflammatory state, including elevated SAA levels and NLR. These factors showed no difference
between the two groups. However, the clinical characteristics and immune indicators of patients with
hematological malignancies may offer insights to identify potentially severe cases early and initiate
timely, effective management. Most COVID-19 symptoms in patients with hematological malignancies
resembled those in the general population. Yet, these patients exhibited a higher incidence of pneumonia
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and a lower Ct value compared to the control group. Given that the Ct value is inversely related to viral
load, this suggests that cancer patients might be more susceptible to higher viral loads, leading to
pneumonia or even severe infections [ 1%211, Both CRP and SAA, sensitive biomarkers of infection, were
elevated in all patients, especially SAA, with no significant difference observed between the two groups.
Does the susceptibility of cancer patients to Omicron relate to reduced granulocyte or lymphocyte counts
due to cancer or its treatments? Our findings show no significant difference in neutrophil and lymphocyte
counts between the groups, even though hemoglobin and platelet levels are significantly lower in patients
with malignancies. High NLR has been reported to predict COVID-19 severity and mortality 2. In this
study, NLR was not statistically different between the groups, though a high NLR contributes to the
mortality rate.

Cellular immune responses against SARS-CoV-2 during acute infection are crucial for controlling
the infection, and the cellular immune system might clear infections before the humoral immune response
is fully established ['%'8). Patients in immunosuppressed states often show a slow decline in viral load,
possibly due to a delayed and inadequate T-cell immune response ['7- 2627, We measured ATP cps and
ATP cps, previously confirmed as predictive indicators for disease relapse and poor prognosis in
malignancies 2839, to assess patients' cellular immune responses. Both ATP cps and ATP cps were
significantly reduced in patients with malignancies, even though lymphocyte counts were similar in both
the study and control groups. We hypothesize that this reduced T-cell reactivity is linked to impaired
reactivity against SARS-CoV-2, leading to a higher viral load. We also compared T cell ATP levels
between the lymphocytic and myeloid groups, observing a significant decrease in ATP ¢ps and a longer
recovery time in patients with lymphocytic malignancies. Defective CD8" T cell function is known to
correlate with impaired lymphocyte proliferation and apoptosis *!l. CD8+ T cells, more so than CD4* T
cells, might mediate or contribute to the rapid termination of SARS-CoV-2 [2% 271 Patients with
lymphocytic malignancies might have an underlying condition of T-cell exhaustion, with CD8" T cells
exhaustion being more prevalent. The combined effects of cancer and related treatments further weaken
CD8" T cell function, leading to delayed viral clearance. Additionally, it has been reported that SARS-
CoV-2 infection might inhibit CD4" T cell responses to certain related viruses 2 27-311, reducing immune
function against other viruses in non-cancer patients. We speculate that this could explain the lack of
mortality rate difference between the groups after Omicron infection.

5. Conclusion

Patients with hematological malignancy infected by the SARS-CoV-2 Omicron variant exhibited
similar clinical symptoms to the general population but had a higher incidence of pneumonia and a
tendency for higher viral loads. The study highlighted the importance of cellular immune responses in
controlling the infection. Specifically, decreased T-cell reactivity in patients with hematological
malignancy might be associated with impaired defense against SARS-CoV-2, potentially leading to
delayed viral clearance, emphasizing the need for close monitoring and early intervention in this patient
population.

References

[1] Malard F, Genthon A, Brissot E, van de Wyngaert Z, Marjanovic Z, lkhlef S, et al. COVID-19
outcomes in patients with hematologic disease. Bone Marrow Transplant. 2020,55(11):2180-2184.

[2] Martin-Moro F, Marquet J, Piris M, Michael BM, Saez AJ, Corona M, et al. Survival study of
hospitalised patients with concurrent COVID-19 and haematological malignancies. Br J Haematol. 2020,
190(1):el6-e20.

[3] Mehta V, Goel S, Kabarriti R, Cole D, Goldfinger M, Acuna-Villaorduna A, et al. Case Fatality Rate
of Cancer Patients with COVID-19 in a New York Hospital System. Cancer Discov. 2020;10(7):935-941.

[4] Scarfo L, Chatzikonstantinou T, Rigolin GM, Quaresmini G, Motta M, Vitale C, et al. COVID-19
severity and mortality in patients with chronic lymphocytic leukemia: a joint study by ERIC, the
European Research Initiative on CLL, and CLL Campus. Leukemia. 2020;34(9):2354-2363.

[5] Dhama K, Nainu F, Frediansyah A, Yatoo M1, Mohapatra RK, Chakraborty S, et al. Global emerging
Omicron variant of SARS-CoV-2: Impacts, challenges and strategies. J Infect Public Health. 2023;

16(1):4-14.

[6] Lauring AS, Tenforde MW, Chappell JD, Gaglani M, Ginde AA, McNeal T, et al. Clinical severity
of, and effectiveness of mRNA vaccines against, covid-19 from omicron, delta, and alpha SARS-CoV-2
variants in the United States: prospective observational study. BMJ. 2022;376:e069761.

[7] Geng Y, Fan Y, Deng X, Wang Y, Zhao J, Ji L, et al. The Recent Outbreak of COVID-19 in China

During the Omicron Variant Predominance: Clinical Features and Outcomes in Patients with

Autoimmune Inflammatory Rheumatic Diseases. Rheumatol Ther. 2023;10(4):1039-1053.

Published by Francis Academic Press, UK
-15-



Frontiers in Medical Science Research
ISSN 2618-1584 Vol. 6, Issue 2: 10-16, DOI: 10.25236/FMSR.2024.060202

[8] Fung M, Babik JM. COVID-19 in Immunocompromised Hosts: What We Know So Far. Clin Infect
Dis. 2021; 72(2):340-350.

[9] Goldman JD, Robinson PC, Uldrick TS, Ljungman P. COVID-19 in immunocompromised
populations: implications for prognosis and repurposing of immunotherapies. J Immunother Cancer.
2021, 9(6).

[10] Liu C, Zhao Y, Okwan-Duodu D, Basho R, Cui X. COVID-19 in cancer patients: risk, clinical
features, and management. Cancer Biol Med. 2020,;17(3):519-527.

[11] Nunn AVW, Guy GW, Botchway SW, Bell JD. SARS-CoV-2 and EBV; the cost of a second
mitochondrial "whammy"? Immun Ageing. 2021;18(1):40.

[12] Pinana JL, Martino R, Garcia-Garcia I, Parody R, Morales MD, Benzo G, et al. Risk factors and
outcome of COVID-19 in patients with hematological malignancies. Exp Hematol Oncol. 2020,;9:21.
[13] Tizazu AM, Mengist HM, Demeke G. Aging, inflammaging and immunosenescence as risk factors
of severe COVID-19. Immun Ageing. 2022;19(1):53.

[14] Bhaskar S, Sinha A, Banach M, Mittoo S, Weissert R, Kass JS, et al. Cytokine Storm in COVID-19-
Immunopathological Mechanisms, Clinical Considerations, and Therapeutic Approaches: The
REPROGRAM Consortium Position Paper. Front Immunol. 2020,11:1648.

[15] England JT, Abdulla A, Biggs CM, Lee AYY, Hay KA, Hoiland RL, et al. Weathering the COVID-
19 storm: Lessons from hematologic cytokine syndromes. Blood Rev. 2020:100707.

[16] Mangalmurti N, Hunter CA. Cytokine Storms: Understanding COVID-19. Immunity. 2020; 53(1):
19-25.

[17] Moss P. The T cell immune response against SARS-CoV-2. Nat Immunol. 2022;23(2):186-193.
[18] Picchianti Diamanti A, Rosado MM, Pioli C, Sesti G, Lagana B. Cytokine Release Syndrome in
COVID-19 Patients, A New Scenario for an Old Concern: The Fragile Balance between Infections and
Autoimmunity. Int J Mol Sci. 2020,21(9).

[19] Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET, et al. Toxicity and response
criteria of the Eastern Cooperative Oncology Group. Am J Clin Oncol. 1982;5(6):649-655.

[20] Li X, Liu C, Mao Z, Xiao M, Wang L, Qi S, et al. Predictive values of neutrophil-to-lymphocyte ratio
on disease severity and mortality in COVID-19 patients: a systematic review and meta-analysis. Crit
Care. 2020,24(1):647.

[21] Webster HH, Nyberg T, Sinnathamby MA, Aziz NA, Ferguson N, Seghezzo G, et al. Hospitalisation
and mortality risk of SARS-COV-2 variant omicron sub-lineage BA.2 compared to BA.1 in England. Nat
Commun. 2022; 13(1):6053.

[22] Meng Y, Lu W, Guo E, Liu J, Yang B, Wu P, 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(1):75.

[23] Zhu XY, Lu YF, Xue F, Luo Y, Feng MX, Qiu BJ, et al. SARS-CoV-2 BA.2 (Omicron) variant
infection in pediatric liver transplanted recipients and cohabitants during 2022 Shanghai outbreak: a
prospective cohort. Virol J. 2023;20(1):28.

[24] Garassino MC, Whisenant JG, Huang LC, Trama A, Torri V, Agustoni F, et al. COVID-19 in
patients with thoracic malignancies (TERAVOLT): first results of an international, registry-based,
cohort study. Lancet Oncol. 2020,21(7):914-922.

[25] Pinato DJ, Aguilar-Company J, Ferrante D, Hanbury G, Bower M, Salazar R, et al. Outcomes of
the SARS-CoV-2 omicron (B.1.1.529) variant outbreak among vaccinated and unvaccinated patients with
cancer in Europe: results from the retrospective, multicentre, OnCovid registry study. Lancet Oncol.
2022; 23(7):865-875.

[26] da Silva Antunes R, Pallikkuth S, Williams E, Dawen Yu E, Mateus J, Quiambao L, et al. Differential
T-Cell Reactivity to Endemic Coronaviruses and SARS-CoV-2 in Community and Health Care Workers.
J Infect Dis. 2021;224(1):70-80.

[27] Sekine T, Perez-Potti A, Rivera-Ballesteros O, Stralin K, Gorin JB, Olsson A, et al. Robust T Cell
Immunity in Convalescent Individuals with Asymptomatic or Mild COVID-19. Cell. 2020;183(1):158-
168 elA4.

[28] Jo Y, Lim J, Kim Y, Han K, Min WS, Oh EJ. CD4 T-cell function assay using Cylex InmuKnow and
lymphocyte subset recovery following allogeneic hematopoietic stem cell transplantation. Transpl
Immunol. 2015;33(2):78-83.

[29] Ogonek J, Kralj Juric M, Ghimire S, Varanasi PR, Holler E, Greinix H, et al. Inmune Reconstitution
after Allogeneic Hematopoietic Stem Cell Transplantation. Front Immunol. 2016,7:507.

[30] Zeevi A, Lunz J. Cylex ImmuKnow Cell Function Assay. Methods Mol Biol. 2013;1034.:343-351.
[31] Notarbartolo S, Ranzani V, Bandera A, Gruarin P, Bevilacqua V, Putignano AR, et al. Integrated
longitudinal immunophenotypic, transcriptional and repertoire analyses delineate immune responses in
COVID-19 patients. Sci Immunol. 2021;6(62).

Published by Francis Academic Press, UK
-16-



	2.1. Study design and participants
	2.2. Data collection
	2.3. Statistical analysis
	3.1. Patient characteristics
	3.2. Clinical manifestations and laboratory characteristics
	3.3. Analysis of T cell immune function
	3.4. Myeloid malignancy versus lymphocytic malignancy
	3.5. Outcome and mortality

