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Introduction

The risk for a severe coronavirus disease 2019 (COVID-19) 
with need for an intensive care unit (ICU) admission in a 
non-immunocompromised vaccinated population dropped 

from 5% at the beginning of the pandemic to at least 0.2% 
and is still decreasing since the omicron strain dominates 
the COVID-19 pandemic [1]. Beyond the risk factors iden-
tified for a severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection like male sex, older age, and 
comorbidities such as cardiovascular disease, lung disease 
or obesity, patients with a history of malignancy, specifi-
cally patients with haematological malignancy, are prone to 
develop a complicated SARS-CoV-2 infection with need for 
ICU which is still associated with poorer clinical outcome 
[2–15]. The circumstances of a widely heterogenous popula-
tion with regards to the type of haematological malignancy, 
extent of disease, haematological malignancy treatment his-
tory, [16–18] and baseline performance status are even more 
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challenging in the environment of an ICU [19]. Although, 
data referring to critically ill COVID-19 patients regarding 
treatment strategies and outcome are widely available, data 
referring to critically ill patients with haematological malig-
nancy are scarce and underreported [20].

The aim of this study is to analyze the epidemiology, risk 
factors and outcome of patients with haematological malig-
nancy with need for an ICU setting using the data from the 
large-scale EPICOVIDEHA registry of the European Hema-
tology Association—Scientific Working Group Infectious in 
Hematology (EHA-SWG) [21].

Methods

Study design, patients, and procedures

From January 1st, 2021, until March 10th, 2022, partici-
pating institutions documented retrospectively episodes of 
COVID-19 in their patients with haematological malig-
nancy. Our analysis comprised data from the EPICOVI-
DEHA registry [21]. EPICOVIDEHA (www.​clini​caltr​ials.​
gov; National Clinical Trials identifier NCT04733729) is 
an international open web-based registry for patients with 
haematological malignancy infected with SARS-CoV-2. 
EPICOVIDEHA was approved by the local ethics commit-
tee of the Fondazione Policlinico Universitario Agostino 
Gemelli—IRCCS, Università Cattolica del Sacro Cuore of 
Rome, Italy (Study ID: 3226). When applicable, the respec-
tive local ethics committee of each participating institution 
have approved the project. EPICOVIDEHA methods have 
been described elsewhere [21]. The electronic case report 
form (eCRF) is accessible online at www.​clini​calsu​rveys.​
net (EFS Summer 2021, TIVIAN, Cologne, Germany). 
Each documented patient was reviewed and validated by 
infectious diseases and haematology experts from the coor-
dination team. Inclusion criteria were (a) active malignan-
cies within the last 5 years before COVID-19 diagnosis, 
or day 0, (b) patients ≥ 18 years old, (c) laboratory-based 
diagnosis of SARS-CoV-2 infection, and (d) last vaccine 
dose 15 or more days before PCR confirmed SARS-CoV-2 
infection. Data on baseline conditions pre-COVID-19 
(i.e., age, sex, status of haematological malignancy at 
COVID-19 diagnosis, defined as active [onset and refrac-
tory/resistant], stable disease or controlled [complete and 
partial response] based on the reports from the respective 
participating institution, factors predisposing for COVID-
19), clinical management of the haematological malig-
nancy (i.e., last treatment strategy), vaccine type, spike 
protein concentration at diagnosis of COVID-19, COVID-
19 diagnosis and management (i.e., reason for diagnostic 
test, symptoms at onset, hospital stay/admission during 
infection, if needed, treatments received for infection) 

and outcome (i.e., mortality, attributable cause of death, 
mortality [assessed by the medical team in charge of the 
patient], last day of follow-up) were collected.

Study objectives

This study aimed to achieve several key objectives related 
to patients with haematological malignancies and COVID-
19 who required ICU admission. Firstly, we wanted to 
comprehensive describe the sample of patients registered 
in EPICOVIDEHA who needed ICU care. Secondly, we 
intended to conduct a thorough analysis to identify factors 
associated with ICU admission, seeking to uncover poten-
tial predictors that could contribute to patients being even-
tually admitted to an ICU unit. Thirdly, we ambitioned to 
compare mortality rates between patients admitted to the 
ICU and those managed outside the ICU, offering valuable 
insights into the outcomes of these distinct patient groups. 
Lastly, we endeavoured to perform an in-depth analysis of 
the factors associated with mortality after ICU admission, 
shedding light on the determinants of survival for patients 
facing this critical phase of their illness.

Sample size and statistical analysis

No a priori sample size calculation was performed for this 
analysis. Categorical variables are presented with frequencies 
and percentages, and continuous variables with median, inter-
quartile range (IQR) and absolute range. Proportion compari-
sons were performed using Fisher's exact or Pearson's chi (X) 
squared tests, respectively.

Logistic regression was utilized to determine which inde-
pendent variables were associated with subsequent ICU 
admission. Additionally, Cox regression was used to analyze 
which factor could be associated with mortality 365 days after 
COVID-19 diagnosis in ICU patients who had data on duration 
of follow-up. Variables with a p-value < 0.1 in the univari-
able models were considered for the respective multivariable 
model. Clinical significance of the respective variable was also 
considered, based on previously reported literature, before 
transfer to multivariable analysis. A log-rank test was used to 
compare the survival probability of the patients admitted in the 
ICU based adjusted by anti-SARS-CoV-2 vaccination prior 
to COVID-19 diagnosis, which was graphically represented 
with a Kaplan–Meier survival plot. Patients with missing data 
in essential fields (i.e., haematological malignancies, chemo-
therapeutic program, vaccination status, COVID-19 manage-
ment, or survival status) were considered as not valid and then, 
excluded from the final analysis. Among the valid cases, if a 
value in a specific variable was missing or unknown, it is indi-
cated as such in the descriptive analysis. Patients with miss-
ing data in a certain variable were excluded from regression 
analyses in case that variable was included into such analyses.

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicalsurveys.net
http://www.clinicalsurveys.net
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A p-value ≤ 0.05 was considered statistically significant. 
SPSSv25.0 was employed for statistical analyses (SPSS, IBM 
Corp., Chicago, IL, United States).

Results

Cohort characteristics

A total of 94 centres in 26 countries, mainly from Europe, 
participated and registered 6934 cases. The clinical char-
acteristics of these evaluable cases are reported in Table 1. 
Lymphoid malignancies were the largest subgroup, account-
ing 2414 cases (34.8%); the most frequently reported diagno-
sis was non-Hodgkin lymphoma (NHL, 2137 cases, 30.8%). 
Among myeloid malignancies, the most frequent diagnosis 
was acute myeloid leukaemia (AML, 828 cases, 11.9%). 

At the time of COVID-19 diagnosis, most patients had a 
controlled haematological malignancy (n = 3257, 47%), or 
a stable disease (n = 1305, 18.8%) and the remaining 31% 
(n = 2151 cases) an active disease. The most frequently 
reported last haematological malignancy treatment within 
the last 3 months was immuno-chemotherapy (n = 4367, 
63.0%), and 241 patients with haematological malignancy 
(3.5%) had received HSCT within 6 months before COVID-
19 diagnosis (allogeneic: 145; autologous: 96) and 28 had 
chimeric antigen receptor T cells (CAR-T) therapy (see 
Table 1).

Need for ICU

A total of 3705 (53.5%) patients with haematological malig-
nancy developed severe COVID-19 involving need for hos-
pitalization. Out of these, 1080 patients with haematological 

Table 1   Baseline characteristics, treatments, and outcome of patients with haematological malignancy and COVID-19, by need of intensive care

Overall No ICU ICU p-value

n % n % n %

Sex
 Female 2873 41.4% 2463 42.1% 410 38.0% 0.012
 Male 4061 58.6% 3391 57.9% 670 62.0%

Age 65 (54–75) [18–97] 65 (53–75) [18–97] 65 (55–73) [18–92] 0.057
 18–25 years old 214 3.1% 184 3.1% 30 2.8%  < 0.001
 26–50 years old 1198 17.3% 1044 17.8% 154 14.3%
 51–69 years old 2784 40.1% 2275 38.9% 509 47.1%
 > 69 years old 2738 39.5% 2351 40.2% 387 35.8%

Comorbidities at COVID-19 diagnosis
 No comorbidities 2691 38.8% 2336 39.9% 355 32.9%  < 0.001
 1 comorbidity 2179 31.4% 1831 31.3% 348 32.2%
 2 comorbidities 1233 17.8% 1007 17.2% 226 20.9%
 3 or more comorbidities 831 12.0% 680 11.6% 151 14.0%
  Chronic cardiopathy 2333 33.6% 1948 33.3% 385 35.6% 0.130
  Chronic pulmonary 

disease
973 14.0% 779 13.3% 194 18.0%  < 0.001

  Diabetes mellitus 1020 14.7% 827 14.1% 193 17.9% 0.001
  Liver disease 285 4.1% 227 3.9% 58 5.4% 0.023
  Obesity 562 8.1% 441 7.5% 121 11.2%  < 0.001
  Renal impairment 509 7.3% 411 7.0% 98 9.1% 0.017
  Smoking history 855 12.3% 711 12.1% 144 13.3% 0.275

Leukocytes 5080 (2970–8300) [4–658000] 5070 (3000–8100) [1–399000] 5000 (2400–9640) [7–658000] 0.764
 Neutrophils 3000 (1660–5200) [1–391000] 3000 (1690–5080) [1–391000] 3200 (1440–5900) [1–116000] 0.108
  < 501 489 7.1% 381 6.5% 108 10.0% 0.002
  501–999 381 5.5% 311 5.3% 70 6.5%
  > 999 4950 71.4% 4157 71.0% 793 73.4%

 Lymphocytes 900 (420–1730) [1–583300] 950 (470–1800) [0.7–363000] 610 (300–1500) [2–583300]  < 0.001
  < 201 642 9.3% 463 7.9% 179 16.6%  < 0.001
  201–499 988 14.2% 782 13.4% 206 19.1%
  > 499 4217 60.8% 3623 61.9% 594 55.0%
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Table 1   (continued)

Overall No ICU ICU p-value

n % n % n %

Baseline haematological malignancy
 Leukaemia 2826 40.8% 2348 40.1% 478 44.3% 0.068
  Acute lymphoid 

leukaemia
310 4.5% 259 4.4% 51 4.7%

  Chronic lymphoid 
leukaemia

915 13.2% 740 12.6% 175 16.2%

  Acute myeloid leu-
kaemia

828 11.9% 670 11.4% 158 14.6%

  Chronic myeloid 
leukaemia

259 3.7% 237 4.0% 22 2.0%

  Myelodysplastic 
syndrome

464 6.7% 409 7.0% 55 5.1%

  Hairy cell leukaemia 50 0.7% 33 0.6% 17 1.6%
 Lymphoma 2414 34.8% 2041 34.9% 373 34.5%
  Hodgkin lymphoma 277 4.0% 253 4.3% 24 2.2%
  Non-Hodgkin lym-

phoma
2137 30.8% 1788 30.5% 349 32.3%

 PH negative myelopro-
liferative diseases

450 6.5% 393 6.7% 57 5.3%

  Essential thrombo-
cythemia

120 1.7% 112 1.9% 8 0.7%

  Myelofibrosis 195 2.8% 161 2.8% 34 3.1%
  Polycythaemia vera 113 1.6% 99 1.7% 14 1.3%
  Systemic mastocytosis 22 0.3% 21 0.4% 1 0.1%

 Plasma cell disorders 1195 17.2% 1027 17.5% 168 15.6%
  Multiple myeloma 1172 16.9% 1005 17.2% 167 15.5%
  Amyloid light-chain 

amyloidosis
23 0.3% 22 0.4% 1 0.1%

 Aplastic anaemia 49 0.7% 45 0.8% 4 0.4%
Haematological malignancy status at COVID-19 diagnosis
 Controlled disease 3257 47.0% 2803 47.9% 454 42.0% 0.001
 Stable disease 1305 18.8% 1164 19.9% 141 13.1%
 Active disease 2151 31.0% 1733 29.6% 418 38.7%
 Unknown 221 3.2% 154 2.6% 67 6.2%

Last haematological malignancy treatment immediately before COVID-19 diagnosis
 alloHSCT
  In the last 6 months 145 2.1% 123 2.1% 22 2.0%
  > 6 months 212 3.1% 186 3.2% 26 2.4%

 autoHSCT
  In the last 6 months 96 1.4% 82 1.4% 14 1.3%
  > 6 months 59 0.9% 52 0.9% 7 0.6%
  Not reported 1 0.0% 1 0.0% 0 0.0%

 CAR-T
  In the last 6 months 28 0.4% 19 0.3% 9 0.8%
  > 6 months 29 0.4% 23 0.4% 6 0.6%

 Chemotherapy
  In the last month 3614 52.1% 3034 51.8% 580 53.7%
  In the last 3 months 753 10.9% 631 10.8% 122 11.3%
  > 3 months 794 11.5% 679 11.6% 115 10.6%
  Not reported 127 1.8% 104 1.8% 23 2.1%
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Table 1   (continued)

Overall No ICU ICU p-value

n % n % n %

 No treatment 923 13.3% 776 13.3% 147 13.6%
 Supportive therapy
  > 3 months 1 0.0% 1 0.0% 0 0.0%
  Not reported 140 2.0% 132 2.3% 8 0.7%

 Unknown 12 0.2% 11 0.2% 1 0.1%
SARS-CoV-2 vaccine doses before COVID-19 diagnosis
 Not vaccinated 4857 70.0% 3983 68.0% 874 80.9%  < 0.001
 One dose 182 2.6% 159 2.7% 23 2.1%
 Two doses 889 12.8% 787 13.4% 102 9.4%
 Three doses 938 13.5% 859 14.7% 79 7.3%
 Four doses 68 1.0% 66 1.1% 2 0.2%

Type last SARS-CoV-2 vaccine before COVID-19 diagnosis
 mRNA
  BioNTech/Pfizer 1490 21.5% 1345 23.0% 145 13.4%
  Moderna COVE 364 5.2% 335 5.7% 29 2.7%

 Vector-based
  AstraZeneca Oxford 107 1.5% 95 1.6% 12 1.1%
  Sputnik 15 0.2% 14 0.2% 1 0.1%
  J&J—Janssen 25 0.4% 23 0.4% 2 0.2%

 Inactivated
  CoronaVac | Sinovac 23 0.3% 18 0.3% 5 0.5%
  Sinopharm 44 0.6% 33 0.6% 11 1.0%

COVID-19 wave
 WT wave 3796 54.7% 3122 53.3% 674 62.4% 0.001
 Alpha/Beta/Gamma 

wave
524 7.6% 410 7.0% 114 10.6%

 Delta wave 694 10.0% 563 9.6% 131 12.1%
 Omicron wave 1920 27.7% 1759 30.0% 161 14.9%

Variant of concern
 Wild type 222 3.2% 157 2.7% 65 6.0%  < 0.001
 Alpha 79 1.1% 57 1.0% 22 2.0%
 Beta 2 0.0% 1 0.0% 1 0.1%
 Delta 205 3.0% 169 2.9% 36 3.3%
 Omicron 796 11.5% 733 12.5% 63 5.8%
 Not tested 5630 81.2% 4737 80.9% 893 82.7%

COVID-19 severity
 Asymptomatic 1295 18.7% 1295 22.1% 0 0.0% 0.001
 Mild infection 1934 27.9% 1934 33.0% 0 0.0%
 Severe infection 2625 37.9% 2625 44.8% 0 0.0%
 Critical infection 1080 15.6% 0 0.0% 1080 100.0%

COVID-19 onset symp-
toms

 Pulmonary 2415 34.8% 1944 33.2% 471 43.6% 0.001
 Pulmonary + extrapul-

monary
1727 24.9% 1340 22.9% 387 35.8%

 Extrapulmonary 1303 18.8% 1181 20.2% 122 11.3%
 Screening 1489 21.5% 1389 23.7% 100 9.3%

COVID-19 treatment
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malignancy (29.2%, 15.6% from the whole cohort) devel-
oped a critical infection, and thus needed for ICU care. Inva-
sive mechanical ventilation was needed in 421 (39%), while 
533 (49.4%) received non-invasive ventilation support. The 
median duration of ICU stay was 10 days (IQR 5–19; range 
1–115). The overall hospital stay was significantly longer 
(p < 0.001) in the ICU group as compared to the non-ICU 
group (22 vs. 12 days; (IQR 12–37, range 1–235 vs. IQR 
7–21, range 1–200, p = 0.001).

Factors associated with critical COVID‑19 infection

General factors and co‑morbidities

groupMale sex was associated with critical infection 
(p = 0.033, OR 1.176, 95% CI 1.013–1.365). Most patients 
with haematological malignancy presented at least one 
comorbidity (n = 4243, 61.2% of the total cohort). This pro-
portion was significantly higher in the ICU group as com-
pared to the non-ICU group (67.1% vs. 60.1%, p < 0.001). 

Table 1   (continued)

Overall No ICU ICU p-value

n % n % n %

 No specific treatment 
reported

1523 22.0% 1417 24.2% 106 9.8% 0.001

 Antivirals +/− corticos-
teroids +/− plasma

700 10.1% 553 9.4% 147 13.6%

 Antivirals + monoclonal 
antibodies +/− corti-
costeroids +/− plasma

209 3.0% 173 3.0% 36 3.3%

 Monoclonal antibod-
ies +/− corticoster-
oids +/− plasma

527 7.6% 484 8.3% 43 4.0%

 Plasma +/− corticos-
teroids

74 1.1% 52 0.9% 22 2.0%

 Corticosteroids 621 9.0% 444 7.6% 177 16.4%

 Unknown 3280 47.3% 2731 46.7% 549 50.8%
Stay during COVID-19 

episode
 Home 2328 33.6% 2328 39.8% 0 0.0% 0.001
 Hospital 4605 66.4% 3525 60.2% 1080 100.0%
  Length of stay 14 (7–25) [1–235] 12 (7–21) [1–200] 22 (12–37) [1–235] 0.001
  ICU 1080 15.6%
  Length of stay 10 (5–19) [1–115] (–) [–] 10 (5–19) [1–115]
  Non-invasive ventila-

tion
533 7.7% 0 0.0% 533 49.4%

  Invasive ventilation 421 6.1% 0 0.0% 421 39.0%
Outcome
 Observation time, days 52 (18–155) [0–792] 61 (20–162) [0–792] 30 (14–91) [0–763] 0.001
  Observation time, 

days alive
85 (28–200) [0–792] 82 (27–192.5) [0–792] 125 (42–270) [1–665]  < 0.001

  Observation time, 
days dead

18 (8–38) [0–763] 16 (7–44.5) [0–657] 19 (10–33) [0–763] 0.214

 Alive, d365 5200 75.0% 4792 81.9% 408 37.8% 0.001
 Dead, d365 1734 25.0% 1062 18.1% 672 62.2%

Bold indicates statistically significant difference
A comparison of proportions was performed for categorical data and a median difference analysis for continuous variables
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Chronic cardiopathy (n = 385; 35.6%), chronic pulmonary 
disease (n = 194; 18%) and diabetes (n = 193; 17.9%) were 
the leading comorbidities in the ICU group. Also pulmonary 
in combination with extrapulmonary symptoms at COVID-
19 onset (p = 0.023, OR 1.216, 95% CI 1.028–1.440) or 
extrapulmonary syndromes alone at COVID-19 onset 
(p < 0.001, OR 0.464, 95% CI 0.367–0.586) were associated 
with critically illness and need for intensive care. A com-
plete list of comorbidities and the results of the univariate 
and multivariate analysis are available in Table 1, 2 and 3.

Viral subtypes

Omicron strain reduced the risk as compared to the other 
viral subtypes (p < 0.001, OR 0.291, 95% CI 0.187–0.454) 
for the need of ICU care in patients with haematological 
malignancy, which can also be seen in the proportion of 
critical COVID-19 infections (see Fig. 1).

Underlying hematological malignancy

In univariable and multivariable analyses, active malignancy 
(p < 0.001, OR 1.354, 95% CI 1.150–1.593) was associated 
with critically illness and need for intensive care (see also 
Table 1, 2, 3).

Vaccination

Unvaccinated patients with haematological malignancy 
were found more often in the ICU group (80.9% versus 68%; 
p < 0.001) and patients with haematological malignancy and 
at least two vaccine doses were significantly (p = 0.005, OR 
0.693, 95% CI 0.535–0.898), three (p < 0.001, OR 0.607, 
95% CI 0.456–0.807) or four vaccines (p = 0.026, OR 0.198, 
95% CI 0.047–0.827) were less often transferred to the ICU.

ICU and outcome: exploratory analysis

Mortality rate

With 62.8% (n = 678) the mortality rate was significantly 
higher (p < 0.001) in the ICU group as compared to the non-
ICU group (18.6%, n = 1086) (see Fig. 2, Supplementary Fig. 
S1).

Mortality rate associated risk factors

Using univariable and multivariable analyses we found 
active haematological malignancy (p < 0.001, HR 1.593, 
95% CI 1.329–1.908), age (p = 0.010, HR 1.008, 95% CI 
1.002–1.015) and comorbidities such as diabetes (p = 0.003, 
HR 1.366, 95% CI 1.114–1.675), liver disease (p < 0.001, 
HR 1.782, 95% CI 1.282–2.476); obesity (p = 0.020, 

HR 0.718, 95% CI 0.543–0.949) and renal impairment 
(p = 0.021, HR 1.354, 95% CI 1.048–1.750) as factors that 
increased ICU mortality. The influence of the SARS-CoV-2 
subtypes and the effect on the mortality rate through the 
pandemic are presented in Fig. 1.

Factors associated with mortality rate reduction

COVID-19 treatment with antivirals, monoclonal anti-
bodies, and corticosteroids (p = 0.012, HR 0.422, 95% CI 
0.214–0.830) was associated with significantly reduced 
mortality rates in critically ill patients with haematological 
malignancy.

Discussion

In COVID-19 patients with haematological malignancy 
studies on need for intensive care and outcomes are scarce. 
We identified factors associated with admission into inten-
sive care units in 6934 such high-risk patients with haema-
tological malignancy, and investigated variables associated 
with mortality in these ICU patients. Mortality was signifi-
cantly higher in patients with haematological malignancy 
and intensive care. In addition, mortality was driven by 
comorbidities. Interestingly, the omicron variants of con-
cern (VOC) were associated with no progression to critical 
COVID-19. Vaccination was the main factor to reduce the 
likelihood of severe COVID 19 and need for ICU.

High rates of severe illness and mortality have been 
recorded in this patient population [4, 7, 22]. Throughout 
the pandemic the risk to develop severe COVID-19 requir-
ing intensive care was more than three times higher (16% 
versus 5%) in patients with haematological malignancies 
[7, 23–25]. The risk varied with the dominant VOC, with 
intensive care risk rates reaching 21.8% during the “second 
wave” among immunosuppressed patients. Although, the 
likelihood of developing severe COVID-19 requiring inten-
sive care decreased from 5 to 0.1–0.2% in the immunocom-
petent population, patients with haematological malignancy 
still faced substantially higher intensive care admission rates 
(8.4%) [26, 27].

The COVID-19-associated average global mortality rate 
in a general population was 1.1% with a wide range between 
different countries [27]. Within critically ill patients with 
a variety of underlying conditions, ICU mortality reached 
32.7%, which exceeded up to 73% in ventilated patients with 
need for renal replacement, then declined to 25% during the 
pandemic [28, 29]. This contrasts with mortality rates in 
our study of 25.4% in the entire population of patients with 
haematological malignancy and even 62.8% in the intensive 
care group with higher rates in patients facing active disease 
with mortality rates up to approximately 83.8%. With the 
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Table 2   Logistic regression of variables associated with ICU admission

Univariable Multivariable

p-value OR 95% CI p-value OR 95% CI

Lower Upper Lower Upper

Age 0.403 0.998 0.994 1.002
Sex 0.012 1.187 1.039 1.356 0.033 1.176 1.013 1.365
Comorbidities at COVID-19 diagnosis
 No comorbidities – – – –
 1 comorbidity 0.006 1.251 1.066 1.468
 2 comorbidities 0.000 1.477 1.231 1.772
 3 or more comorbidities 0.000 1.461 1.186 1.800

Chronic cardiopathy 0.130 1.111 0.970 1.272
Chronic pulmonary disease 0.000 1.426 1.200 1.695 0.071 1.191 0.985 1.440
Diabetes mellitus 0.001 1.323 1.113 1.571 0.408 1.089 0.890 1.332
Liver disease 0.024 1.407 1.046 1.891 0.082 1.337 0.964 1.853
Obesity 0.000 1.549 1.252 1.915  < 0.001 1.516 1.192 1.928
Renal impairment 0.018 1.322 1.049 1.664 0.593 1.075 0.824 1.402
Smoking history 0.276 1.113 0.918 1.349
No risk factor identified 0.001 0.731 0.637 0.839 0.206 0.895 0.755 1.063
Neutrophils
 < 501 – – – – – – – –
 501–999 0.190 0.799 0.572 1.117 0.848 0.965 0.673 1.384
 > 999 0.001 0.677 0.541 0.849 0.922 1.013 0.779 1.317

Lymphocytes
 < 201 – – – – – – – –
 201–499 0.001 0.683 0.543 0.861 0.006 0.709 0.554 0.906
 > 499 0.001 0.425 0.351 0.516  < 0.001 0.464 0.377 0.572

Baseline haematological malignancy
 Leukaemia – – – – – – – –
 Lymphoma 0.845 1.015 0.876 1.176 0.300 0.914 0.772 1.083
 PH negative myeloproliferative diseases 0.060 0.753 0.560 1.012 0.888 1.024 0.733 1.431
 Plasma cell disorders 0.095 0.849 0.701 1.029 0.063 0.819 0.663 1.011
 Aplastic anaemia 0.140 0.462 0.165 1.290 0.260 0.545 0.189 1.568

Haematological malignancy status at COVID-19 diagnosis
 Controlled disease – – – – – – – –
 Stable disease 0.005 0.748 0.612 0.914 0.003 0.710 0.567 0.888
 Activedisease  < 0.001 1.489 1.287 1.723  < 0.001 1.354 1.150 1.593
 Unknown  < 0.001 2.686 1.983 3.639  < 0.001 2.165 1.546 3.033

SARS-CoV-2 vaccine doses before COVID-19 diagnosis
 Not vaccinated – – – – – – – –
 One dose 0.065 0.659 0.423 1.027 0.172 0.697 0.415 1.169
 Two doses  < 0.001 0.591 0.475 0.735 0.005 0.693 0.535 0.898
 Three doses  < 0.001 0.419 0.329 0.534  < 0.001 0.607 0.456 0.807
 Four doses 0.006 0.138 0.034 0.565 0.026 0.198 0.047 0.827

Type last SARS-CoV-2 vaccine before COVID-19 diagnosis
 mRNA – – – –
 Vector-based 0.744 1.097 0.629 1.914
 Inactivated  < 0.001 3.029 1.691 5.426

COVID-19 wave
 WT wave – – – –
 Alpha/Beta/Gamma wave 0.027 1.288 1.030 1.611
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emergence of the omicron variants, an overall milder clini-
cal course and lower mortality rates (5.7% in patients with 
wild type virus, 0.86% in patients with omicron variants) 
in all patients were observed. This trend was also detected 
in the ICU mortality (10% of patients with omicron vari-
ants died vs. 32.7% of patients with wild type died) [26, 28, 
30–32]. Although, the risk of critical infections decreased in 
immunocompetent patients, our study reports mortality rates 
in critically ill patients with haematological malignancy 
remained elevated, with 48.4% and 66.1% in patients with 
active haematological malignancy during the omicron wave.

The mortality decrease over subsequent COVID-19 waves 
may be attributed to advances in patient care ranging from 
vaccination to introduction of targeted COVID-19 treatments 
[33–35]. New insights into the SARS-CoV-2 virus resulted 
in variety of potential therapeutic options [35, 36]. Although, 
COVID-19 therapy was not explicitly investigated in our 
cohort, the early initiation of corticosteroids so as the intro-
duction of tocilizumab and antibodies in the management of 
severe COVID-19, may have potentially improved the out-
come of these patients. The justified fear of further immu-
nodepression using targeted therapeutic approaches lessened 
over time that early initiation of such therapies may also be 
beneficial in patients with haematological malignancy [9, 34].

Comorbidities and active haematological malignancy 
were confirmed in the present study as negative prog-
nostic factors that had not changed since the pre-vacci-
nation era [7, 37]. Apart from the known risk factors for 
severe COVID-19 such as pre-existing lung disease, obe-
sity or cardiopathy, the extent of immunodeficiency and 

iatrogenic immunosuppression may also have impacted 
overall prognosis [9, 27, 38]. Outcomes may differ depend-
ing on the underlying haematological malignancy, its 
activity, and its therapy [8, 10–13, 15, 39]. The most plau-
sible variables that may impact outcome in our patients 
include hypogammaglobulinemia, qualitative and quantita-
tive B- and T-cell deficiencies, CD4 + lymphopenia, innate 
immune dysfunction, and neutropenia, all resulting from 
haematological malignancy itself and respective treatment 
[9, 27, 38]. Notwithstanding these potential implications, 
the recently published recommendations from European 
Conference of Infections in Leukaemia (ECIL-9) under-
lined the crucial role of mRNA-based vaccines against 
COVID-19 and recommended their use in patients with 
haematological malignancy [23–25, 38, 40, 41]. Accord-
ing to our findings, immunisation may have contributed 
significantly to reduce the need for intensive care and mor-
tality in patients with haematological malignancy. It is 
clear that more research into the impact of additional vac-
cine booster doses and prophylactic monoclonal antibody 
administration in patients with an ineffective response to 
vaccination is desirable, especially in patients with severe 
or critical COVID-19 [23–25, 36].

Despite our findings, we plead for ICU treatment of 
patients with hematological malignancy patients which is 
sometimes discussed with some reluctance between inten-
sivists and hemato-oncologists. Not only in COVID-19-af-
fected patients but also in hematological malignancy patients 
without COVID-19 the outcome of these patients if ICU is 
needed increased during the last years [42, 43].

Bold indicates statistically significant difference

Table 2   (continued)

Univariable Multivariable

p-value OR 95% CI p-value OR 95% CI

Lower Upper Lower Upper

 Delta wave 0.479 1.078 0.876 1.326
 Omicron wave  < 0.001 0.424 0.354 0.508

Variant of concern
 Wild type – – – – – – – –
 Alpha 0.810 0.932 0.527 1.649 0.895 0.958 0.510 1.800
 Beta 0.535 2.415 0.149 39.201 1.000
 Delta 0.005 0.515 0.324 0.816 0.089 0.636 0.378 1.071
 Omicron  < 0.001 0.208 0.141 0.306  < 0.001 0.291 0.187 0.454
 Not tested  < 0.001 0.455 0.338 0.613  < 0.001 0.516 0.372 0.715

COVID-19 onset symptoms
 Pulmonary – – – – – – – –
 Pulmonary + extrapulmonary 0.023 1.192 1.025 1.387 0.023 1.216 1.028 1.440
 Extrapulmonary  < 0.001 0.426 0.345 0.527  < 0.001 0.464 0.367 0.586
 Screening  < 0.001 0.297 0.237 0.373  < 0.001 0.304 0.236 0.392
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Table 3   Cox regression of variables associated with mortality in patients admitted to ICU

Univariable Multivariable

p-value HR 95% CI p-value HR 95% CI

Lower Upper Lower Upper

Age 0.001 1.010 1.004 1.016 0.010 1.008 1.002 1.015
Sex 0.401 0.935 0.800 1.093
Comorbidities
 No comorbidities – – – –
 1 comorbidity 0.785 1.027 0.849 1.241
 2 comorbidities 0.589 1.061 0.857 1.313
 3 or more comorbidities 0.071 1.242 0.981 1.572

Chronic cardiopathy 0.006 1.247 1.066 1.459 0.324 1.095 0.914 1.311
Chronic pulmonary disease 0.520 0.937 0.769 1.142
Diabetes mellitus 0.002 1.350 1.117 1.632 0.003 1.366 1.114 1.675
Liver disease 0.006 1.549 1.137 2.110  < 0.001 1.782 1.282 2.476
Obesity 0.014 0.724 0.559 0.937 0.020 0.718 0.543 0.949
Renal impairment 0.001 1.485 1.164 1.894 0.021 1.354 1.048 1.750
Smoking history 0.495 1.078 0.869 1.337
No risk factor identified 0.519 0.948 0.805 1.116
Neutrophils
 < 501 – – – – – – – –
 501–999 0.350 0.846 0.595 1.202 0.780 0.951 0.666 1.357
 > 999 0.006 0.715 0.563 0.909 0.032 0.766 0.600 0.977

Lymphocytes
 < 201 – – – –
 201–499 0.105 0.813 0.634 1.044
 > 499 0.411 0.918 0.749 1.125

Baseline haematological malignancy
 Leukaemia – – – – – – – –
 Lymphoma 0.054 0.900 0.808 1.002 0.036 0.819 0.679 0.987
 PH negative myeloproliferative diseases  < 0.001 0.689 0.553 0.857 0.873 1.033 0.695 1.534
 Plasma cell disorders 0.301 0.931 0.814 1.066 0.759 1.038 0.820 1.313
 Aplastic anaemia 0.220 0.663 0.344 1.279 0.293 0.472 0.116 1.915

Haematological malignancy status at COVID-19 diagnosis
 Controlled disease – – – – – – – –
 Stable disease 0.983 1.003 0.773 1.300 0.237 0.843 0.635 1.119
 Active disease  < 0.001 1.675 1.415 1.983  < 0.001 1.593 1.329 1.908
 Unknown  < 0.001 2.409 1.774 3.270  < 0.001 2.404 1.747 3.308

SARS-CoV-2 vaccine doses before COVID-19 diagnosis
 Not vaccinated – – – –
 One dose 0.836 0.944 0.544 1.636
 Two doses 0.669 0.941 0.713 1.242
 Three doses 0.110 0.759 0.542 1.064
 Four doses 0.922 0.000 0.000

Type last SARS-CoV-2 vaccine before COVID-19 diagnosis
 mRNA – – – –
 Vector-based 0.888 0.942 0.410 2.162
 Inactivated 0.030 1.957 1.067 3.588

COVID-19 wave
 WT wave – – – –
 Alpha/Beta/Gamma wave 0.265 1.149 0.900 1.467
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Some limitations of our study are the retrospective obser-
vational design and the possible selection bias owing to the 
large number of participating institutions. Moreover, our 
results did not focus on therapeutic strategies while patients 
were on ICU, as these were not possible to retrieve. Further 
prospective studies may evaluate the role of intensive care 
therapies in patients with haematological malignancies. Addi-
tionally, the study's limitations include the absence of data 
regarding co-infections, pulmonary embolism, shock, and 
other management within the ICU, as well as the inability to 
incorporate information about the timing and reason of ICU 
admission after positive COVID-19 PCR and symptom onset. 
Besides, no data regarding organ support or failure beyond 
ventilation or complications were obtained, and information 
on the admission policy for severe patients within the ICU and 
COVID-19-related treatment limitations was also not acces-
sible. In the latter case associated mainly to lack of treatment 
strategies at pandemic onset. Furthermore, despite the online 
survey within EPICOVIDEHA prompts patient contribu-
tors to furnish serological levels post-vaccination (and pre-
COVID-19), the actual performance and timing of such tests 
depend on the internal policies of individual hospitals and 

healthcare agencies. Consequently, this information may be 
unavailable in many cases, and even when available, it can be 
often in a limited number of cases and not always before the 
COVID-19 diagnosis. Given these constraints and to ensure 
the meaningfulness of our findings, we opted not to include 
this information in our patient data.

The study reveals that the risk of severe COVID-19 
requiring ICU admission has notably declined in vaccinated, 
non-immunocompromised population, especially with the 
emergence of the omicron variant. However, patients with 
haematological malignancies, particularly those with active 
disease, continue to face a heightened risk of severe COVID-
19 and ICU admission. Factors like male sex, comorbidities, 
and specific COVID-19 symptoms increase the likelihood 
of ICU admission in these patients, while vaccination sig-
nificantly reduces this risk. Mortality rates in ICU-managed 
patients with haematological malignancies remain substan-
tially higher than those outside the ICU, influenced by fac-
tors like active malignancy, age, and comorbidities. The 
study underscores the importance of ongoing research, vac-
cination, and appropriate treatments to enhance outcomes 
for this high-risk patient group.

Bold indicates statistically significant difference

Table 3   (continued)

Univariable Multivariable

p-value HR 95% CI p-value HR 95% CI

Lower Upper Lower Upper

 Delta wave 0.080 1.232 0.975 1.557
 Omicron wave 0.979 1.003 0.787 1.279

Variant of concern
 Wild type – – – –
 Alpha 0.732 0.893 0.468 1.704
 Beta 0.918 0.000 0.000
 Delta 0.680 0.887 0.502 1.567
 Omicron 0.489 0.840 0.512 1.377
 Not tested 0.095 1.315 0.953 1.813

COVID-19 onset symptoms
 Pulmonary – – – –
 Pulmonary + extrapulmonary 0.991 0.999 0.841 1.186
 Extrapulmonary 0.840 1.026 0.799 1.318
 Screening 0.715 1.051 0.804 1.374

COVID-19 treatment
 No specific treatment reported – – – – – – – –
 Antivirals +/− corticosteroids +/− plasma 0.298 1.179 0.864 1.608 0.184 1.252 0.898 1.745
 Antivirals + monoclonal antibodies +/− corticosteroids +/− plasma 0.003 0.376 0.199 0.713 0.012 0.422 0.214 0.830
 Monoclonal antibodies +/− corticosteroids +/− plasma 0.075 0.629 0.377 1.049 0.268 0.741 0.437 1.258
 Plasma +/− corticosteroids 0.216 1.400 0.821 2.388 0.262 1.389 0.782 2.465
 Corticosteroids 0.831 1.034 0.761 1.405 0.219 1.230 0.884 1.710
 Unknown 0.612 0.934 0.717 1.216 0.867 0.976 0.734 1.298
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Fig. 1   Mortality rate (D365) of 
patients (A) admitted in ICU 
per haematological malignancy 
status at COVID-19 onset and 
(B) per COVID-19 severity and 
pandemic wave
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