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ABSTRACT

Objectives: COVID-19 poses a significant risk to individuals with haematological malignancies (HM), as
they are particularly vulnerable to severe disease progression and hospitalization due to their compro-
mised immune systems. Many clinical decisions regarding the management of COVID-19 in these pa-
tients are yet to be fully addressed by existing guidelines, leading to variability in care.

Methods: A 28-item Delphi survey was developed to gather expert opinions on key areas of COVID-19
management in patients with HM, including risk stratification for severe COVID-19, diagnostic pro-
cesses, and treatment decisions.

Results: Twenty-one experts with backgrounds in haematology and infectious diseases were enrolled. Of
the 28 questions posed to the experts, consensus was reached on 15 statements.

Discussion: These Delphi consensus statements offer valuable suggestions with direct implications for
clinical practice, addressing critical areas such as risk identification, appropriate diagnostic approaches,
and tailored treatment strategies for patients with HM with COVID-19. The findings provide actionable
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Haematological malignancies
Risk of progression

insights that may help fill gaps in current scientific literature, enhancing patient care and decision-
making in this high-risk population. Lorenzo Maria Canziani, Clin Microbiol Infect 2025;31:526

Treatment © 2025 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and
Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction The questionnaire was divided into three main domains:

During 2022, the worldwide epidemiology, morbidity, and
mortality of COVID-19 showed a favourable trend for public health
compared with the previous years of the pandemic, with a reduc-
tion in the number of hospital admissions, intensive care unit (ICU)
admissions, and mortality rates, as reported by WHO [1]. The main
reasons for this change in epidemiology were the immunological
coverage obtained with natural infection, the introduction of vac-
cines and monoclonal antibodies (MoAbs), used as early treatment
but also in pre- and post-exposure prophylaxis, and the emergence
of less virulent viral variants [2,3].

Despite the available preventive and therapeutic strategies,
special attention is still needed for patients with immunocom-
promising conditions, and especially haematological malignancies
(HM). Although COVID-19-related hospitalizations and deaths
declined in this population in the last years [4—7], the risk of severe
clinical manifestations is still higher than among the general pop-
ulation [8]. Vaccines show reduced immunogenicity because of
acquired immunological deficiency [4,9,10], and MoAbs become
obsolete with the emergence of new variants [11—15].

Prolonged viral shedding is another crucial aspect of SARS-CoV-
2 infection in patients with HM, which may occur even in the
absence of clinical symptoms [16,17], and can negatively impact the
course of the underlying haematological disease [5,6,18].

In this complex and ever-changing scenario, and despite the avail-
able literature, a standardized approach for the prevention, diagnosis,
and treatment of COVID-19 in patients with HM is lacking.

In the frame of the Horizon 2020 funded ORCHESTRA project
("Connecting European cohorts to increase common and effective
response to SARS-CoV-2 Pandemic" https://orchestra-cohort.eu/)
and specifically within the Work Package 4 (fragile population co-
horts), a Delphi survey was conducted among selected experts in an
endeavour to bridge these knowledge gaps. This structured and
iterative approach, designed to achieve consensus among experts
on complex issues, is precious when empirical evidence is limited
[19]. The Delphi method has been successfully employed in various
healthcare contexts, including managing haematological condi-
tions and COVID-19 in the first phase of the pandemic [20].

Through the Delphi process, we leverage the collective expertise
of haematologists and infectious disease (ID) specialists involved in
managing patients with HM to address uncertainties surrounding
COVID-19 management in this population. The aim of this study is
to identify consensus on critical clinical issues, define shared
statements, and ultimately provide physicians and policymakers
worldwide with guidance to improve patient outcomes.

Methods
Study design and preparatory research

At the start of 2024, a 28-item online questionnaire was
developed, reviewed, and piloted by a multidisciplinary group. This
process was informed by a critical review of the existing literature,
clinical experience, and anticipated gaps in guidelines and position
papers. The introduction to the questionnaire included standard
definitions from medical literature (see Supplementary Material).

(a) the risk of progression to severe COVID-19; (b) screening and
diagnostic processes; and (c) the management and treatment of
patients with HM with asymptomatic or symptomatic SARS-CoV-2
infection. Relevant literature references were included to support
the questionnaire items.

This study presents the statements reached through the survey
and is structured according to the ACCORD (ACcurate COnsensus
Reporting Document) reporting checklist for Delphi studies ( Table
S1) [21]. The study was not prospectively registered.

Selection of experts, recruitment process, and participation

Experts were initially invited to participate via the ORCHESTRA
consortium. The invitation was later extended to the ‘Infections in
Haematology’ Specialized Working Group of the European Hema-
tology Association. Experts were required to have clinical expertise
in haematology or ID within haematology. Experts were also
invited to nominate other qualified professionals for participation.
A target of 20 experts was set [ 19]. Patient advisory groups were not
involved in the study.

The questionnaire was disseminated via a personalized and
anonymized link through the REDCap platform [22], with technical
assistance available to the experts if required. To ensure compre-
hensive input, experts were permitted to participate in the second
or third round of the survey even if they had not responded to one
of the previous rounds.

Delphi process and analysis

Three rounds of the Delphi process were conducted, during
which the experts responded anonymously to the questions and
had the opportunity to provide free-text comments. A six-point
Likert scale was adopted to collect agreement (1—Strongly
disagree, 2—Disagree, 3—Somewhat disagree, 4—Somewhat
agree, 5—Agree, 6—Strongly agree).

At the end of each round, the responses were analysed. Total
cumulative consensus was defined as the sum of percentages across
two concordant and contiguous points of the Likert scale.
Consensus was initially defined when total cumulative consensus
reached at least 80% of the experts, but for an approximation based
on the number of participants, consensus was redefined as agree-
ment of at least 15 of the 19 expert respondents (79%) in the first
and second rounds [23]. For assigning the strength of support, the
six-point Likert scale was categorized into four tiers: strong
disagreement (1—Strongly disagree, 2—Disagree); moderate
disagreement (2—Disagree, 3—Somewhat disagree); moderate
agreement (4—Somewhat agree, 5—Agree); strong agreement
(5—Agree, 6—Strongly agree). Items were excluded from subse-
quent rounds once consensus was achieved. No other item was
modified or removed during the process. In the second and third
rounds, feedback was provided to the experts in both qualitative
and quantitative forms. The frequency of scores and the associated
comments was presented after each item.

Anonymity was maintained throughout the process, ensuring
that neither the conductors of the survey nor the experts could
identify individual responses. No data regarding the experts were
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included in the questionnaire, and each round was analysed inde-
pendently of the others. Study data were collected and managed
using the REDCap electronic data capture tools [22].

Final statements were generated for each question that achieved
consensus, accompanied by the strength of support (moderate or
strong).

Ethical

This study was limited to expert feedback and did not involve
research or data collection in human or animal subjects. As a
result, Institutional Review Board approval was not required. All
participants provided their consent and authorization to partici-
pate in the survey, understanding that their data would be used
solely for scientific research.

Table 1
Overview of statements

Results

Twenty-one experts (8 female and 13 male) from seven Eu-
ropean countries participated in the survey. Of these, 11 had a
background in haematology and ten had a background in ID.
The three rounds of the Delphi survey were conducted between
August and September 2024. Nineteen experts participated in
both the first and second rounds. During the first round,
consensus was reached on five questions. In the second round,
eight additional questions reached consensus. In the third
round, 20 experts responded, and consensus was achieved on
four more questions. All experts participated in at least one
round of the survey. The list of consensus statements is pro-
vided in Table 1, and the complete questionnaire is available in
Table S2.

Statement

Level of support TCC (%) Round

1

10

11

12

13

14

15

The risk of progression to severe COVID-19 is elevated in patients with haematological malignancies,

due to the interplay of disease-specific and treatment-related factors, in comparison with the

general population. Individual risk stratification should consider the specific malignancy type and

the related treatment regimen

The risk of progression to severe COVID-19 is elevated in haematopoietic cell transplantation (HCT)

recipients and chimeric antigen receptor T-cell (CAR-T cell) therapy-treated patients in comparison

with other patients with HM. Individual risk stratification should consider previous vaccination

status, the interval between cellular therapy and SARS-CoV-2 infection diagnosis, and the

underlying HM's progression status

Patients with HM who do not develop protective vaccine-induced serological response with an

updated vaccination schedule should be considered at higher risk of progression to severe COVID-19

In hospitalized patients with HM with asymptomatic or clinically recovered COVID-19, routine

repetition of nucleic acid amplification test (NAAT) on nasopharyngeal swab (e.g. every 48

—72 hours) could be used to guide release from infection prevention and control indications

All patients with HM receiving immunosuppressive treatment and diagnosed with SARS-CoV-2

infection should be considered for early COVID-19 treatment (nirmatrelvir/ritonavir, molnupinavir,

remdesivir, effective anti-spike monoclonal antibodies), irrespective of the presence of symptoms

All HCT recipients and CAR-T cell-treated patients receiving immunosuppressive treatment should

receive early treatment for SARS-CoV-2 infection (nirmatrelvir/ritonavir, molnupinavir, remdesivir,

effective anti-spike monoclonal antibodies), regardless of the presence of symptoms

After having completed a course of early antiviral treatment (nirmatrelvir/ritonavir, molnupinavir,

remdesivir, effective anti-spike monoclonal antibodies), for all patients with HM exhibiting COVID-

19 symptoms with ongoing viral replication (e.g. those with low CT values or a positive rapid antigen

test), a longer course or additional doses of antiviral treatment can be considered

In case of mild or moderate COVID-19, temporary discontinuation of treatment with anti-CD20

antibodies should be considered after a clinical risk/benefit ratio assessment

In case of mild or moderate COVID-19, dose reduction should be considered for glucocorticoids with

haematological indication after assessing the clinical risk/benefit ratio

In case of asymptomatic COVID-19, the HCT induction should be delayed, according to the clinical

risk/benefit ratio assessment

In case of asymptomatic or mild COVID-19, ongoing chemotherapy for acute leukaemia should be

continued after assessing the clinical risk/benefit ratio

In case of asymptomatic or mild COVID-19 in patients undergoing chemotherapy for

myeloproliferative disorders, chemotherapy should be continued after assessment of the clinical

risk/benefit ratio

In case of asymptomatic or mild COVID-19 disease in patients with acute leukaemia,

myelodysplastic syndrome, blast phase of myeloproliferative neoplasm or chronic myeloid

leukaemia, the decision to cease or modify standard-of-care treatment should be individualized,

considering the risk of progression of the HM

In case of severe COVID-19 diagnosed during treatment for HM, the ongoing chemotherapy should

be modified or stopped until COVID-19 resolution

e In patient with acute leukaemia

o In patient with myeloproliferative disorder

o In patient with myelodysplastic syndrome, blast phase of myeloproliferative neoplasm or chronic
myeloid leukaemia

For haematological patients who have recovered from COVID-19, the initiation or re-initiation of

haematological syndrome-directed therapy should be considered 1 wk after achieving viral

clearance (i.e. SARS-CoV-2 not detectable by NAAT testing in two consecutive nasopharyngeal

swabs)

Strong

Moderate

Moderate

Moderate

Strong

Strong

Moderate

Moderate
Moderate
Moderate
Moderate

Moderate

Moderate

Strong
Strong
Moderate

Strong

84

90

79

79

80

79

79

79

85

85

89

83

85

84
94
79

84

CT, cycle threshold; HM, haematological malignancies; TCC, total cumulative consensus; Round, round of consensus reached.
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Risk of progression to severe COVID-19

Statement 1. The risk of progression to severe COVID-19 is
elevated in patients with HM, due to the interplay of disease-
specific and treatment-related factors, in comparison with the
general population. Individual risk stratification should
consider the specific malignancy type and the related treatment
regimen (moderately supported)

Patients with HM represent a highly selected population,
although there is a wide spectrum of diseases under the same
umbrella. Overall, they are at higher risk of contracting SARS-CoV-2
infection than the general population (hazard ratio [HR] 1.19; 95%
Cl: 1.13—1.25) and patients with solid cancer (HR 1.23; 95% CI:
1.16—1.30). They also show a significantly greater risk of 14-day
hospitalization (HR 4.61; 95% CI: 4.13—5.15) and 28-day mortality
(HR 7.67; 95% CI: 6.57—8.96) compared with patients with solid
cancer, although both the risk of infection and progression to severe
COVID-19 decreased with the number of COVID-19 vaccine doses
received [8].

When stratified by type of HM, in the pre-vaccination era, the
risk of progression to severe forms of COVID-19 and death was
higher for patients affected by acute myeloid leukaemia (AML),
myelodysplastic syndrome [24], and chronic lymphocytic
leukaemia (CCL) [25]. Even after the introduction of COVID-19
vaccination, the risk of severe forms of COVID-19 has been shown
to be higher for patients with HM with lymphoproliferative dis-
eases (CCL, non-Hodgkin lymphoma), and especially if treated with
Bruton tyrosine-kinase inhibitors [26]. Moreover, anti-CD20 treat-
ments have been shown to be linked to unfavourable outcomes in
this group [7,27].

On the other hand, the risk of death due to COVID-19 is influ-
enced by factors common to different HMs, such as the severity and
progression status of the HM, recent chemotherapy or recent
termination of chemotherapy (within 12 months), or the suspen-
sion of HM treatment due to SARS-CoV-2 infection. Moreover, risk
factors for COVID-19 mortality in the general population, such as
the severity of COVID-19, older age, and the presence of comor-
bidities, have also been described in patients with HM
[24,26,28—30].

Statement 2. The risk of progression to severe COVID-19 is
elevated in haematopoietic cell transplantation recipients and
chimeric antigen receptor T-cell therapy-treated patients in
comparison with other patients with HM. Individual risk strat-
ification should consider previous vaccination status, the in-
terval between cellular therapy and SARS-CoV-2 infection
diagnosis, and the underlying HM's progression status (moder-
ately supported)

In the period before the availability of COVID-19 vaccines
(hereafter referred to as the pre-vaccine period), 39% of haemato-
poietic cell transplantation (HCT) recipients experienced severe
clinical manifestations of COVID-19, whereas 16% experienced
critical manifestations. An overall COVID-19 attributable mortality
of 16% was reported in HCT recipients, with an increased mortality
of 52% seen among those with severe COVID-19 [31,32]. Higher
hospital admission rates and intubation rates were reported in the
pre-vaccine period compared with the post-vaccine period (44% vs.
14%, and 12% vs. 2%, respectively). Conversely, mild COVID-19 was
experienced by 86% of HCT recipients in the post-vaccine period,
compared with 48% during the pre-vaccine period. The mortality
rate also decreased for this group in the post-vaccine period, with a
12-month overall survival rate of 89%, compared with 73% in the
pre-vaccine period [7,33].

Chimeric antigen receptor T-cell (CAR-T) recipients have shown
similar results, with 80% of subjects needing hospitalization after
COVID-19 diagnosis and approximately 50% requiring oxygen

supplementation, in the pre-vaccine period. The COVID-19 attrib-
utable mortality was 41% at that time [34]. The proportion of pa-
tients hospitalized during a COVID-19 episode and the proportion
of patients needing ICU admission decreased in the post-vaccine
period compared with the pre-vaccine period (74.3% vs. 43.4%,
and 33.8% vs. 5.7%, respectively). Also, the COVID-19 attributable
mortality decreased from 22.9% to 43.6% in the pre-vaccine period
to 7.5% in the post-vaccine period. Furthermore, only 6.4% of fully
vaccinated patients died [5].

These changes over time, represented by time-dependent risk
factors such as not being fully vaccinated before SARS-CoV-2
infection (HR 5.64) and diagnosis of SARS-CoV-2 infection in the
pre-vaccine period (HR 3.37), may be explained by the protective
effect of vaccination and the decreasing virulence of new circu-
lating viral variants [5].

Few studies compare CAR-T and allogeneic HCT patients. It
seems that CAR-T patients show a higher risk of severe COVID-19,
compared with allogenic HCT (OR 7.7) [7].

Interestingly, risk factors for mortality in these two groups of
patients were not related to the specific underlying HM disease,
but rather to its level of activity and to the time between cellular
therapy infusion and SARS-CoV-2 infection (i.e. less than
3 months for CAR-T and less than 1 year for HCT). This denotes
the role of the immune system in COVID-19-related outcomes
[31,32]. A possible explanation may rely on the fact that patients
undergoing cellular therapy have both an impaired humoral
response to COVID-19 vaccination, and are also severely T-cell
depleted due to the lymphodepletion chemotherapy. This is
particularly the case for CAR-T patients in the early months after
cellular infusion [5].

The evidence is discordant on the roles of acute and chronic
graft vs. host disease (GVHD), type of HCT, and type of conditioning
regimen as risk factors for severe COVID-19 and mortality. Even if
evidence is lacking, additional risk factors identified by experts
include the conditioning regimen type, in particular the use of
bispecific antibodies or anti-CD20 therapy, and the presence of
hypoglobulinaemia. However, more studies are needed to estimate
these risks.

Statement 3. Patients with HM who do not develop protective
vaccine-induced serological response with an updated vacci-
nation schedule should be considered at higher risk of pro-
gression to severe COVID-19 (moderately supported)

Higher anti-spike IgG titres correlate with high neutralizing
antibody titres [9], with a lower risk of severe COVID-19
progression and COVID-19-related mortality [4]. Overall, the
serological response of patients with HM to SARS-CoV-2 vac-
cines is sufficient after a full vaccination course and is even
improved after booster doses [35]. However, after a full
vaccination course, the specific serological response in this
population is worse if compared with that of patients with
solid cancer and the general population (64% vs. 96% vs. 98%,
respectively) [10]. Different levels of serological response can
be identified by stratifying patients on the type of haemato-
logical disease, with lower response levels seen in those with
CCL (50%) or aggressive/indolent non-Hodgkin lymphoma (58%
and 61%, respectively), when compared with those with
Hodgkin lymphoma (91%), myeloproliferative neoplasms (83%)
or multiple myeloma (76%). Antibody titres are also influenced
by the status of the HM and its specific treatment, as shown
by the low pooled response for patients on active chemo-
therapy (35%), anti-CD20 therapy during the previous year
(15%), Bruton kinase inhibition (23%), venetoclax (26%), rux-
olitinib (42%), and CAR-T (42%) [10,36]. On the contrary, the
pooled response for allogeneic and autologous HCT is better
(82% and 83%, respectively) [10,37].
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However, some studies found that even if the serological
response is low in patients with HM, COVID-19-related mortality
improves after vaccination [24]: this lack of direct correlation
between serological response and survival might be explained by
the role of anti-SARS-CoV-2 cellular immunity [24,38,39]. Data
explicitly examining the impact of T-cell responses in these pa-
tients are limited, which hinders a comprehensive assessment of
their protective capacity against severe COVID-19. This knowl-
edge gap emphasizes the importance of further research to un-
derstand how both humoral and cellular immune responses
contribute to COVID-19 risk in patients with HM, which is
essential for refining vaccination and treatment strategies in this
high-risk group.

This statement does not consider known risk factors for COVID-
19 progression, such as older age, male sex, smoking, obesity,
multimorbidity, pre-existing lung disease, chronic kidney disease,
diabetes, hypertension, and coronary heart disease.

Diagnosis

Statement 4. In hospitalized patients with HM with asymp-
tomatic or clinically recovered COVID-19, routine repetition of
nucleic acid amplification test on nasopharyngeal swab (e.g.
every 48—72 hours) could be used to guide release from infec-
tion prevention and control indications (moderately supported)

SARS-CoV-2 nucleic acid amplification test (NAAT) tests are the
reference standard for diagnosing SARS-CoV-2 infection in patients
with HM inside and outside hospitals [40,41]; their performance
should be evaluated for newly emerging variants.

SARS-CoV-2 genome quantification of cycle-thresholds
values > 30—35 in an upper respiratory tract sample is associated
with reduced risk of transmission and this value has been used as a
clinical cut-off to diagnose a persistent infection, although its
routine use for clinical decision-making is still not recommended
[42,43].

Patients affected by HM could be persistently positive for SARS-
CoV-2 even after specific treatment and complete recovery from
symptomatic COVID-19. Prolonged virus shedding can last months,
mainly affecting patients with B-cell lymphoma who have previ-
ously received immunotherapies such as anti-CD20 antibodies, and
other B-cell-depleted patients [44].

Prolonged SARS-CoV-2 shedding has several therapeutic, pre-
ventive and epidemiological implications: (a) it may lead to in-
flammatory or fibrotic-like pulmonary changes, which are only
partially reversible after the inhibition of viral replication; (b) it
may defer chemotherapy or other procedures, including peripheral
blood stem cell mobilization, bone marrow harvest, T-cell collec-
tion, and conditioning/lymphodepletion, which could facilitate
progression of the underlying HM; (c) it may favour the selection of
new viral variants; (d) it may place limitations on hospital/home
management of the patient, in terms of infection prevention and
control measures [11,45—47].

Therefore, hospitalized patients with HM with persistent
COVID-19 symptoms should be monitored for persistent viral
shedding with a PCR test every 48—72 hours. Testing could be
performed less frequently in COVID-19 asymptomatic and clinically
stable patients with HM, mainly to release infection prevention and
control indications.

Treatment and management

Statement 5. All patients with HM receiving immunosup-
pressive treatment and diagnosed with SARS-CoV-2 infection
should be considered for early COVID-19 treatment (nirma-
trelvir/ritonavir, molnupinavir, remdesivir, effective anti-spike

MoAbs), irrespective of the presence of symptoms (strongly
supported)

Early treatment with nirmatrelvir/ritonavir, molnupinavir,
remdesivir, and MoAbs has been proven to be effective in reducing
the risk of hospitalization in high-risk patients, including immuno-
suppressed patients [48—50]. However, the trials from which these
results emerged suffered many limitations. First, the enrolled pop-
ulation mainly represented people with hypertension, obesity, or
older age, whereas people with cancer represented less than 5% of
the enrolled population. Moreover, the trials were conducted in
unvaccinated individuals. There are considerable clinical limitations
of the aforementioned drugs, including: the unavailability of mol-
nupinavir in Europe; the current unavailability of any MoAbs against
SARS-CoV-2 variant of concerns; the limited logistics of remdesivir
as an intravenous drug; the potential interference of nirmatrelvir/
ritonavir with the metabolism of other drugs as it is a strong CYP3A
inhibitor [51]. Nevertheless, data regarding the use of early therapy
in patients with HM have been derived from observational studies
that showed reduced mortality for this population [2,52,53].

COVID-19-related risk of hospitalization and mortality remains
higher in patients with HM than the general population (see
Statements 1—3), with a higher expected benefit from treatment
than the standard population. The results of the previously
mentioned trials could therefore be generalized to patients with
HM. Considering the intrinsic limitations of early therapy, the ex-
perts of this consensus survey agreed to define the risk of patients
with HM receiving immunosuppressive therapy as worthy of early
treatment for SARS-CoV-2 infection, when possible.

Statement 6. All HCT recipients and CAR-T cell-treated pa-
tients receiving immunosuppressive treatment should receive
early treatment for SARS-CoV-2 infection (nirmatrelvir/ritona-
vir, molnupinavir, remdesivir, effective anti-spike MoAbs),
regardless of the presence of symptoms (strongly supported)

The evidence regarding the efficacy of early treatment against
SARS-CoV-2 infection in HCT recipients and CAR-T cell-treated is
quite scarce.

In a retrospective study including 59 patients with HM/HCT with
mild—moderate COVID-19 receiving SARS-CoV-2-specific MoAb be-
tween November 2020 and September 2021, 46 patients (78%)
received MoAb as outpatients. Only two patients subsequently
visited the Emergency Department for COVID-19 symptoms be-
tween 10 and 35 days after MoAb administration, with no hospi-
talization needed. Of the subjects in the outpatient group, 52% were
in remission, 5 (11%) had GVHD, and 10 (22%) were receiving
immunosuppressive medications. Among the 13 patients that
received MoAb as inpatients, only three were admitted for COVID-19
symptom monitoring, the remaining 5 (38%) for neutropenic fever, 4
(31%) were already hospitalized for transplantation and cellular
therapy, and one for acute kidney injury. Two hospitalized patients
required mechanical ventilation, and three (23%) died within 60 days
of MoAb administration. The three patients who died were on active
chemotherapy and were not vaccinated [54].

A prospective observational study conducted in Spain during
the Omicron wave collected data on 60 adults with high-risk HM
treated with remdesivir after a median time of 2 days from diag-
nosis, of whom, 95% were vaccinated. All patients were hospital-
ized: 8 (13%) had asymptomatic COVID-19, 17 (28%) had
pneumonia, and all the other presented cough, fever, and pharyn-
gitis. Only 6.7% of patients required ICU admission. Within the first
60 days of SARS-CoV-2 infection, three (5%) patients died of non-
COVID-19-related causes [55].

Guidelines recommend early treatment in patients with
mild—moderate COVID-19 [40,41]. Without clear evidence, the
same treatment strategy is proposed for asymptomatic infection in
the most severely immunocompromised patients to reduce the risk
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of progression and length of viral shedding [41]. Although SARS-
CoV-2 vaccination profoundly reduced the risk of progression to
severe COVID-19 and death in both HCT recipients and CAR-T-
treated patients, these patients remain at risk of worse SARS-
CoV-2 infection outcomes [5,7]. The short interval between
cellular therapy infusion and the diagnosis of SARS-CoV-2 infection
(less than 3 months for CAR-T and less than 1 year for HCT) is one of
the most important risk factors for mortality in these populations
[31,32].

In line with this evidence, the experts broadly agreed, after the
first round of consultation, on the universal administration of
COVID-19 early treatment (nirmatrelvir/ritonavir, molnupinavir,
remdesivir, effective MoAbs) for all HCT recipients and CAR-T cell-
treated patients undergoing immunosuppressive therapy, in
particular in cases of recent cellular infusion or active GVHD
[56,57].

Statement 7. After having completed a course of early anti-
viral treatment (nirmatrelvir/ritonavir, molnupinavir, remdesi-
vir, effective anti-spike MoAbs), for all patients with HM
exhibiting COVID-19 symptoms with ongoing viral replication
(e.g. those with low CT values or a positive rapid antigen test), a
longer course or additional doses of antiviral treatment can be
considered (moderately supported)

After the first round of the survey, the experts agreed on the
extension of SARS-CoV-2 antiviral therapy for patients with HM
with ongoing viral replication following an initial antiviral course.
Available reports of extended antiviral therapy suggest additional
doses and sequential or combination treatment with multiple an-
tivirals [16,58—61]. It was suggested that treatment decisions
should be made on a case-by-case basis, with patients receiving
anti-CD20 therapy identified as a primary group that could neces-
sitate prolonged antiviral therapy. As no study has established this
population's optimal drug or treatment duration, the experts
strongly encourage exploring this knowledge gap with ad hoc
designed studies.

Statement 8. In case of mild or moderate COVID-19, tempo-
rary discontinuation of treatment with anti-CD20 antibodies
should be considered after a clinical risk/benefit ratio assess-
ment (moderately supported)

Data collected before the availability of vaccines have shown
that recent administration of anti-CD20 therapy is a risk factor for
prolonged length of hospital stay and death in patients with lym-
phoma hospitalized for COVID-19 [62]. Many case reports have also
described delayed clinical, microbiological, and/or radiological re-
covery after SARS-CoV-2 infection in patients on anti-CD20 therapy
[47,63,64]. After introducing SARS-CoV-2 vaccines, doubts have
been raised about their efficacy in patients with altered B-cell im-
munity. Specifically, in patients treated with anti-CD20 therapy,
data have been published demonstrating seroconversion failure
after COVID-19 vaccination [65,66].

Anti-CD20 therapy is associated with high COVID-19 mortality
and persistent COVID-19 [67]. A study on patients with HM vacci-
nated against SARS-CoV-2 and treated with anti-CD20 therapy
within 12 months of a breakthrough infection described that 47% of
the patients required hospitalization, 67% required oxygen support,
and 10% needed ventilation. COVID-19-related death was 17%, and
among fatal COVID-19 cases, the median time from the most recent
administration of anti-CD20 therapy to the onset of symptoms was
82 days. Among survivors, 31% presented respiratory symptoms
60 days after the COVID-19 diagnosis, and in 57% of cases, there
were also radiological signs. After 60 days, 70% of patients had still
positive nasopharyngeal swab in a SARS-CoV-2 PCR test, with 50%
at 90 days [67].

Partially discordant results emerged from a cohort of adult pa-
tients with lymphoproliferative diseases, with only 21% vaccinated

with at least two doses. Severe COVID-19 reached 50% of cases, with
high COVID-19-related mortality (69%), but anti-CD20 therapy was
not significantly associated with severe COVID-19 nor did it influ-
ence the survival rate [26].

Considering the risk of prolonged SARS-CoV-2 infection and
death in patients treated with anti-CD20 antibodies, as well as the
risk of progression of the underlying disease in case of discontin-
uation, the decision to discontinue this treatment should be
considered on a case-by-case basis.

Statement 9. In case of mild or moderate COVID-19, dose
reduction should be considered for glucocorticoids with hae-
matological indication after assessing the clinical risk/benefit
ratio (moderately supported)

In the general population, the use of dexamethasone has shown
reduced mortality in severe COVID-19 but for mild and moderate
COVID-19, it has shown increased mortality, albeit not statistically
significant [68]. Similar reports are available for patients with HM
[69]. Patients with HM may receive glucocorticoids for different
indications (i.e. GVHD). Decisions regarding systemic glucocorti-
coids must be individualized, depending on the dose and indication
for the glucocorticoid. In the case of mild—moderate COVID-19,
glucocorticoids may be temporally discontinued. The recommen-
dations for managing COVID-19 in patients with HM from the 2022
European Conference on Infections in Leukaemia nine underline
that dexamethasone should not be used in the early treatment of
mild—moderate COVID-19 [41].

Statement 10. In case of asymptomatic COVID-19, the HCT
induction should be delayed, according to the clinical risk/
benefit ratio assessment (moderately supported)

To reduce the risk of severe COVID-19 in SARS-CoV-2 positive
but asymptomatic HCT/CAR-T candidates, the most recent guide-
lines for COVID-19 management in HCT and CAR-T recipients
recommend deferring for at least 14 days the following procedures:
peripheral blood stem cell mobilization, bone marrow harvest, T-
cell collection, and conditioning [40]. If early infusion is desired,
however, retesting at 5 to 7 days and then proceeding, if the SARS-
CoV-2 test is negative, is an option, as long as the patient remains
asymptomatic.

Given the known prolonged viral shedding in this population, a
suggested alternative approach consists of deferring until 20 days
from the first SARS-CoV-2 positive test and then deciding on a case-
by-case basis; weighing the risks and benefits of delaying therapy
and consequently risking underlying disease relapse and/or pro-
gression [41].

The experts converged through multiple rounds of Delphi to the
same approach reported in [41]. The individual risk—benefit ratio
should consider the severity of the underlying HM and its risk of
progression, the specific conditioning regimen and the patient's
overall history. Additionally, COVID-19 early treatment (nirma-
trelvir/ritonavir, molnupinavir, remdesivir, MoAbs) can be consid-
ered to reduce the time of SARS-CoV-2 shedding.

Statement 11. In case of asymptomatic or mild COVID-19,
ongoing chemotherapy for acute leukaemia should be
continued after assessing the clinical risk/benefit ratio
(moderately supported)

COVID-19-related mortality ranges from 20% to 52% in pa-
tients with acute leukaemia (AL), with higher rates in adult AML
(40%) compared with adult acute lymphoblastic leukaemia
(26%) [70].

In a cohort study that categorized treatment for AML with
concurring COVID-19 as: finished before COVID-19, not delayed,
delayed, or discontinued, treatment discontinuation was associated
with higher mortality (HR 4.4, 95% CI: 2.3—8.4; p < 0.001), as
opposed to treatment delay, which was found to be protective (HR
0.37, 95% CI: 0.15—-0.89; p 0.027) [29]. In particular, the overall
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mortality rate changed based on the chemotherapy indication,
being higher for patients in induction (67.1%) or re-induction
(77.7%) than for patients receiving consolidation (20%, n = 10)
during the last month before COVID-19 (p < 0.001) [29].

These findings support the opinion of Delphi's expert group,
which disagreed with delaying or discontinuing ongoing chemo-
therapy in patients with AL with asymptomatic SARS-CoV-2
infection or even mild COVID-19.

Because the mortality rate of patients with ongoing or recent
(<1 month before COVID-19 diagnosis) AML treatment was signif-
icantly higher than that of patients receiving therapy until
3 months or less before the diagnosis COVID-19 (p < 0.001) [29], the
decision to continue chemotherapy must take into account also the
severity of the AL, the vaccination status of the patient and the
timeliness in starting early COVID-19 therapy. Early therapy for
COVID-19 should be instituted to mitigate the risk of severe COVID-
19 progression.

Statement 12. In case of asymptomatic or mild COVID-19 in
patients undergoing chemotherapy for myeloproliferative dis-
orders, chemotherapy should be continued after assessment of
the clinical risk/benefit ratio (moderately supported)

Myeloproliferative disorders primarily affect older individuals,
with factors such as frailty, comorbidities, and age playing a critical
role in predicting COVID-19-related mortality in this population
[71]. One report identifies a neutrophil-to-lymphocyte ratio of four
or higher as a significant predictor of hospitalization (OR: 7.04,
p < 0.001) [72]. Additionally, active immunosuppressive treatment
has been associated with an increased risk of hospitalization (OR:
2.19; p 0.001) and mortality (HR: 2.14; p < 0.001) [71]. However,
some studies suggest that JAK inhibitors, particularly baricitinib,
may reduce the risk of death among patients with COVID-19 [73].

JAK inhibitors have been reported to reduce systemic inflam-
mation caused by SARS-CoV-2 and mortality in hospitalized adults
with COVID-19 [74]. Ruxolitinib discontinuation has been linked to
worse outcomes in patients infected with SARS-CoV-2 [72]. None-
theless, the broad immunosuppressive potential of JAK inhibitors,
especially ruxolitinib, raises concerns, as prolonged exposure has
been shown to limit both T-cell and humoral responses to mRNA
vaccines [75].

In line with published guidelines [41], for patients with
myeloproliferative disorders who develop asymptomatic or mild
COVID-19, the experts suggested that the decision to continue
chemotherapy should be based on a thorough assessment of the
clinical risk/benefit ratio. Early therapy for COVID-19 should be
instituted to mitigate the risk of COVID-19.

Statement 13. In case of asymptomatic or mild COVID-19
disease in patients with AL, myelodysplastic syndrome, blast
phase of myeloproliferative neoplasm or chronic myeloid
leukaemia, the decision to cease or modify standard-of-care
treatment should be individualized, considering the risk of
progression of the HM (moderately supported)

Individualized care is a crucial strategy in managing patients
with asymptomatic or mild COVID-19 who have aggressive HM,
such as AL, myelodysplastic syndrome and the blast phase of
myeloproliferative neoplasms or chronic myeloid leukaemia. Cli-
nicians must carefully balance two critical factors when deciding
whether to adjust or continue treatment: the risk of malignancy
progression vs. the potential harm of delaying or modifying active
HM therapy [29]. These decisions should be made on a case-by-case
basis, balancing the patient's disease status and the risk of COVID-
19 progression [20,26,41]. Notably, before the introduction of vac-
cines, chemotherapy in the month before COVID-19 was observed
as an essential risk factor for mortality. However, patients who
experienced treatment delays also faced increased mortality [29].
Since the introduction of vaccination [24], mortality has

considerably decreased, altering the risk—benefit balance in this
complex decision-making process. Early treatment (with nirma-
trelvir/ritonavir, molnupinavir, remdesivir or effective MoAbs)
should be administered to reduce the risk of COVID-19 progression
and its complications.

Statement 14. In case of severe COVID-19 diagnosed during
treatment for HM, the ongoing chemotherapy should be
modified or stopped until COVID-19 resolution (moderately
supported for myelodysplastic syndrome, blast phase of
myeloproliferative disorders or chronic myeloid leukaemia;
strongly supported for ALs, myeloproliferative disorders)

In line with other published expert opinions and guidelines
[20,41], the experts of this study widely agreed on the necessity to
modify or discontinue the standard-of-care treatment for various
HM in case of severe COVID-19. Severe COVID-19 continues to be a
major cause of short-term mortality in this population, with re-
ported COVID-19-related mortality of about 5% [5], which remains a
priority concern for healthcare providers. For patients with HM,
where balancing treatment of the underlying malignancy with the
risks posed by a severe viral infection is critical, experts empha-
sized the importance of adapting therapeutic strategies to focus on
stabilizing and managing COVID-19 [20,41]. This consensus reflects
the ongoing need to prioritize the immediate risk of life-
threatening complications associated with severe COVID-19 while
ensuring that adjustments to HM therapies are made with careful
consideration of each patient's clinical status and the progression of
the haematological condition [8,63].

Statement 15. For haematological patients who have recov-
ered from COVID-19, the initiation or re-initiation of haemato-
logical syndrome-directed therapy should be considered 1 week
after achieving viral clearance (i.e. SARS-CoV-2 not detectable by
NAAT testing in two consecutive nasopharyngeal swabs).
(strongly supported)

The experts agreed in the first round of the survey that the initiation
or re-initiation of directed therapy for the baseline haematological
malignancy should be considered only 1 week after achieving SARS-
CoV-2 viral clearance. The two main components in this decision
were the risk of recurrence of COVID-19 and the need for haemato-
logical therapy. Before the introduction of vaccines, the risk of recur-
rence of COVID-19 was prioritized because of the impaired immune
response of individuals with HM and the reported high case—fatality
ratio [5,8]. The introduction of preventive treatment (vaccination,
MoAbs, protease inhibitors) and increasing experience in the man-
agement of COVID-19 shifted the focus for this decision from reducing
the risk of COVID-19 to reducing the risk of HM [5]. Persistent COVID-19
can be identified in cases of failed viral clearance [76]. Moreover, some
of this study's experts proposed starting active therapy just after the
clinical resolution of symptoms in cases of mild/moderate disease and
previous vaccination, which differs from other previously published
expert opinions [20,41]. One notable exception to this strategy was
regarding anti-CD20 therapy, which would need a 1-month waiting
period after achieving viral clearance. Overall, the experts agreed that
after achieving viral clearance (i.e. SARS-CoV-2 not detectable by NAAT
testing in two consecutive nasopharyngeal swabs), haematological
syndrome-directed therapy should be started after 1 week.

Questions that did not reach consensus

Out of 28 questions included in this survey, 11 did not reach
consensus (Table S2). All three questions related to the risk of
progression reached consensus. Six questions on screening and
diagnosis, as well as five questions on treatment and management,
failed to reach an agreement. In many cases, a bimodal distribution
of responses prevented consensus from being established.
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Regarding the diagnostic process and screening, experts did not
reach a consensus on several key aspects. These included the need
for routine screening of asymptomatic patients before initiating
HM-directed treatment, the preferred diagnostic test (antigenic vs.
nucleic acid amplification testing) for patients with HM with mild-
to-moderate clinical symptoms lasting less than 5 days, and
whether viral genomic sequencing should be performed for all
patients with HM to identify the viral variant.

There was also no consensus on the use of viral genome quan-
tification, both for distinguishing between re-infection and pro-
longed viral shedding and for guiding treatment decisions in
patients with persistently positive NAAT results. Similarly, the
benefit of serological testing 4 month after vaccination to assess
immune response remained unclear.

In patients with HM with COVID-19 symptoms and ongoing viral
replication, no consensus was reached on the use of combination
therapy (i.e. remdesivir and effective MoAD) or the role of convales-
cent plasma. The use of effective MoADb for pre-exposure or post-
exposure prophylaxis in patients with HM remains a subject of
debate. Additionally, in cases of asymptomatic COVID-19, no
consensus was reached for the start of induction for autologous HSCT.

Discussion

In this Delphi survey involving experts in haematology and ID,
15 consensus statements were developed, each with direct impli-
cations for the clinical management of patients with HM with
COVID-19. These statements represent a collaborative synthesis of
expert opinions, supported by the available literature, and offer
practical guidance on key areas of patient care. In summary, the
experts agreed on the higher risk of COVID-19 in patients with HM,
the use of early therapy, the timing of HM-directed treatment in
asymptomatic COVID-19, and the temporal suspension of HM-
directed treatment in cases of severe COVID-19.

This study has several notable strengths, one being the hetero-
geneity of the participating experts in terms of clinical background
and geographical representation. The multidisciplinary approach
used ensured that the perspectives on managing patients with HM
with COVID-19 were multi-faceted, comprehensive, and clinically
relevant. The geographical diversity of the experts helped to reduce
potential national biases, and contributed to more balanced and
generalizable statements that are applicable across various
healthcare systems and settings. Additionally, the study achieved a
balanced representation of male and female experts, enhancing the
inclusivity of viewpoints.

The robust Delphi methodology ensured a structured and iter-
ative process, allowing for a refinement of consensus based on
expert feedback. Crucially, the anonymity of participants was pre-
served throughout all rounds, minimizing the risk of peer influence
and fostering independent contributions. These factors collectively
strengthen the reliability and clinical relevance of the consensus
statements generated by this study.

Despite the valuable insights gained from this study, limitations
should be acknowledged. First, the survey did not include specific
questions tailored to the context of low- and middle-income
countries. This may limit the applicability of the statements in
resource-limited settings. Second, patient advisory groups were not
involved in the study. Although this limits the inclusion of patient-
centred perspectives, focusing on expert consensus ensures that
the recommendations remain firmly rooted in clinical expertise. In
cases of uncertainty, assessing the clinical risk—benefit ratio was
frequently cited as a guiding principle, and patient preferences
should be consistently incorporated where applicable. Third,
emerging treatment options for HM such as bispecific antibodies
were not discussed within the questionnaire.

Finally, it is important to note that Delphi studies inherently
produce expert opinion, and therefore represent a low level in the
hierarchy of evidence [19]. That said, in areas where high-quality
evidence is lacking, such as the rapidly evolving management of
patients with HM with COVID-19, expert consensus can contribute
to guiding practice until more robust evidence becomes available.

The Delphi method has been proven to be an efficient tool for
rapidly generating expert consensus, particularly in producing
timely recommendations for managing vulnerable populations,
such as patients with HM, during crises like the ever-changing
COVID-19 pandemic [20,41]. Its speed and flexibility make it
especially valuable for pandemic preparedness, where urgent
decision-making is required, and high-quality evidence may be
limited. The ability to quickly synthesize expert opinion helps to
provide crucial guidance for clinical practice in dynamic and rapidly
evolving situations.
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