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Abstract. The COVID‑19 pandemic has complicated 
current healthcare services for cancer patients. Patients with 
haematological malignancies specifically seem vulnerable 
to SARS‑CoV‑2 infection due to their immunosuppressed 
status. The COVID‑19 pandemic influences every step of the 
assessment and treatment of a haematological malignancy. 
Clinicians must adhere to strict policies to not spread the virus 
to their patients while they must also adjust their workflow 
for maximum productivity. These difficulties accentuate the 
ever‑present need to improve the healthcare services for cancer 
patients. This improvement is needed not only to combat the 
problems that arose from the COVID‑19 pandemic but also 
to establish a framework for the management of patients with 
haematological malignancies in potential future pandemics.
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1. Introduction

Haematological malignancies refer to a distinct group of 
cancers that affect the bone marrow, blood and lymphatic 
systems (1). Some of the most well‑studied haematological 
malignancies include leukaemia, non‑Hodgkin lymphomas, 
Hodgkin lymphoma, multiple myelomas, myelodysplastic 
syndromes and myeloproliferative neoplasms (2,3). These 
types of cancer, along with other haematology‑related 
diseases, contribute substantially to global mortality and 
morbidity (4). Haematological malignancies are some of the 
most commonly occurring cancers and are a leading cause 
of cancer‑related mortality, particularly for older adults who 
display grim survival rates (5,6). These patients present with 
significant immune deficits due to intense therapeutic proce‑
dures, with infections being a frequent problem, leading to 
higher mortality and morbidity and more frequent, prolonged 
and expensive hospitalization (7). Patients with haematolog‑
ical malignancies are therefore considered vulnerable when it 
comes to healthcare provision and hospitalization.

In December 2019, a pneumonia outbreak of unknown 
origins was reported in Wuhan City in Hubei Province in 
central China (8). These outbreaks were later found to be due 
to a novel virus that belongs to the family Coronoviridae, 
called SARS‑CoV‑2, with the associated disease being called 
Coronavirus Disease 2019 (COVID‑19) (9). COVID‑19 
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infection was officially declared as a pandemic by the World 
Health Organization on March 11th, 2020 (10). According to 
epidemiological data, COVID‑19 is a more deadly disease 
than influenza (11). COVID‑19 is an infectious disease of the 
respiratory system characterized mainly by a severe respira‑
tory distress syndrome combined with additional symptoms, 
including fever, dry cough, body aches, fatigue, diarrhoea, 
conjunctivitis, hypoxia, central cyanosis, shock, coma, 
convulsions, sepsis, prolonged immobilization, dyspnoea and 
pneumonia (12‑15). The main processes responsible for the 
multi‑organ damage leading to death from COVID‑19 include 
hyperinflammation, hypercoagulability and severe hypoxemia. 
The first process refers to the disruption of the immune system 
whose cells penetrate and affect various organs, and which, 
in the case of this virus, causes abnormal activation of T cells 
and macrophages that leads to a ‘storm of cytokines’ causing 
hyperinflammation. The second process involves the formation 
of blood clots due to the ordered activation and functioning of 
the immune system, which leads to endothelial damage and 
increased blood clotting. The third process is a result of the 
previous two processes, where due to the abundance of cyto‑
kines and blood clots in the pulmonary circulation, reduced 
and insufficient oxygenation is observed (16). SARS‑CoV‑2 
can spread through droplets and human‑to‑human transmis‑
sion (direct contact), and through contaminated objects and 
airborne contagion (indirect contact) (17). Severe cases of 
COVID‑19 are frequent in elderly patients and individuals 
already affected by other pathologies (18). COVID‑19 has 
become a global threat to healthcare systems with cumu‑
latively 102.1 million cases and over 2.2 million deaths 
reported as of January 31st, 2021 (19). From January 2021, 
~10 vaccines have received emergency authorization for use in 
humans (20). Although promising, these vaccines cannot lead 
to an immediate return to the normality of the pre‑COVID 
world (21‑23). Several governments have implemented strin‑
gent social distancing measures and lockdowns in an effort to 
reduce the probability of people contracting the virus (24,25). 
This new reality has greatly affected people's lives, increasing 
the feeling of fear and stress on an individual level but also 
causing economic recession, job loss and stigmatization on 
a social level (11,26), altogether leading to the increase in 
addictive issues, including alcohol consumption. According to 
the literature, lockdowns combined with insecurity and fear 
can lead to increased alcohol consumption during quarantine; 
however, alcohol is a factor that affects and weakens the 
immune system, contributes to obesity and mental disorders 
and increases the risk of contracting diseases, including 
COVID‑19 (26). Furthermore, the quarantine measures have 
excluded patients with chronic diseases, such as cancer, from 
institutional health care settings, leading to a negative effect 
on mental health and emotional well‑being (27).

During the COVID‑19 pandemic, patients with haemato‑
logical malignancies display an increased risk of mortality 
due to COVID‑19 infection while their mental health can also 
be influenced negatively (28‑30). It is therefore essential to 
develop efficient policies to manage patients with haematolog‑
ical malignancies during not only the COVID‑19 pandemic but 
also potential future pandemics (Fig. 1). Healthcare providers 
need to overcome specific challenges such as timely comple‑
tion of the diagnostic and staging studies, thus providing 

treatment to patients without exposing themself to infection, 
monitoring patient health status, and even identifying potential 
mental health issues (27,31). The new healthcare policies must 
provide the right treatment to the right patient, in the right place 
and at the right time through the use of modern technology to 
overcome these difficulties (32).

The provision of such treatment can be achieved through 
precision medicine (33). Precision medicine allows clinicians 
to make accurate diagnoses and provide targeted therapies for 
patients according to their disease's biological background 
and accounting for individual differences in their genetic 
makeup, environment, behaviours, lifestyle and cultures (34). 
The development of cost‑effective high‑throughput analysis of 
biological molecules has allowed the generation and processing 
of large biological datasets (omics data), which can be used 
for the development of precision medicine (35). Translational 
genetics uses information produced from such technologies, 
specifically genomic information, to develop new healthcare 
strategies and clinical applications (36,37). The present litera‑
ture review aims to describe how translational genetics may 
help developing better healthcare strategies for patients with 
haematological malignancies under pandemic situations such 
as COVID‑19. 

2. Haematological malignancies and healthcare services

A haematological malignancy diagnosis ranges from a chronic, 
slow‑progressing condition to a fast growing, frequently fatal 
disease (38). An early cancer diagnosis is essential since 
it improves the patient's prognosis (39). The diagnosis of 
these types of cancer is quite complex and achieved through 
histology, cytology, cytogenetics, immunophenotype and 
imaging (40). These methods exhibit high cost and complexity 
while also being highly time‑consuming (41). Furthermore, 
patients themselves might complicate diagnosis based on 
their ability to understand their symptoms and react accord‑
ingly (42). Therefore, early diagnosis provides numerous 
challenges for both patients and clinicians. Patients should 
determine when to seek help and clinicians should identify 
potential symptoms and make accurate and timely referrals 
to secondary care (43). It is imperative to improve current 
methodologies in haematological malignancies diagnosis 
for better and more timely healthcare services. At present, 
because genetics serves an essential role in the diagnosis of 
most haematological malignancies, the ever‑advancing genetic 
technologies may provide additional techniques to ameliorate 
the diagnosis of these types of cancer (44).

The most commonly used measures to determine cancer 
patients' prognosis and the disease trajectory are survival 
statistics (45); however, patients with haematological malig‑
nancies are confronted to an unpredictable illness trajectory 
where the possibility of cure persists even in relapsed and 
refractory periods (46). In addition, prognostication becomes 
even more difficult since deterioration is oftentimes so 
unpredictable and rapid that it may lead to abrupt changes 
in healthcare goals (47). A prime example is that due to their 
immunocompromised status and potential sepsis, patients are 
highly likely to be admitted to an intensive care unit (ICU), 
where their prognosis worsens significantly (48). Cytogenetics 
have truly helped improving the prognostics of haematological 
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malignancies, where based on a patient's genetic background, 
a clinician may better evaluate the disease's trajectory (3). In 
particular, genomics has identified numerous genetic loci that 
may influence a haematological malignancy prognosis, while 
modern technological advances may elucidate additional 
genetic loci of interest.

Each subtype of haematological malignancy is unique 
and treatment is therefore based on several factors, including 
certain biomarkers, the patient's clinicopathological char‑
acteristics and stage of the disease. Some commonly used 
therapeutic approaches include chemotherapy and autologous 
stem‑cell transplantation (49). Advancements in the field 
of immunology regarding haematological malignancies 
have helped developing numerous immunotherapies, such 
as conventional monoclonal antibodies, bispecific T‑cell 
engagers and therapeutic molecules that block inhibitory 
T‑cell pathway (50). Important advances have therefore been 
made in the field of therapeutics; however, some difficulties 
exist, which are mainly caused by the high molecular diversity 
and complexity of these diseases, the variable evolution during 
disease and therapy, and the development of chemoresistance 
and immune evasion mechanisms (51). A better knowledge 
of the molecular mechanisms governing the pathogenesis, 
development, metabolism, metastasis and relapse of cancer, 
and the determination of similarities and differences across 
distinct haematological malignancies, may help optimizing 
current treatments or provide adjacent and alternative thera‑
peutics (51). Modern advances in genomic research can help 
with such a task.

In the case of cancer, precision medicine aims to improve 
treatment efficiency for patients, using genomic information 
from each patient's tumour. Genetic biomarkers can differ 
significantly depending on the type of cancers, making 
disease prediction a complex process. Through new generation 

technologies, including Whole Genome Sequencing or Exome 
Sequencing, a variety of molecular biomarkers and targets have 
now been determined and comprise cancer‑related DNA and 
RNA changes, such as small nucleotide variants, epigenetic 
modifications (DNA methylation, fusion genes, copy number 
alterations, mutational signature patterns) and gene expres‑
sion level modifications (3). Epigenetic marks, which mainly 
involve DNA methylation, histone modifications and chro‑
matin remodelling, can be triggered by a response to external 
stimuli and occur throughout life in healthy tissues, and play 
a key role in the onset and development of numerous complex 
human diseases, such as cancer, autoimmune disorders, neuro‑
degenerative diseases, obesity and psychiatric disorders (52).

Haematological malignancies are pathological conditions 
where the possibility for pharmacological manipulation and 
therapeutic targeting through drugs that could act on DNA 
methylation reactions exists (53). In previous studies where 
large‑scale sequencing of cancer genomes was performed, 
various mutations in enzymes that regulate DNA methylation 
in haematological malignancies were identified. For example, 
in acute myelogenous leukaemia (AML), 44% of patients 
develop mutations in genes responsible for regulating genital 
DNA methylation, such as the DNMT3A methyltransferase 
genes, isocitrate dehydrogenase 1 and 2 (IDH1 and IDH2) and 
TET oncogene family member 2 (TET2) (54‑56). In addition, 
TET2 mutations are common in angioimmunoblastic T cell 
lymphoma (AITL), which is one of the most common subtypes 
of peripheral T cell lymphoma, as well as IDH2 mutations that 
have been reported in 20‑45% of AITL cases (57,58).

In general, cancer treatment using epigenetic regulators is 
highly valuable in haematological malignancies. The US Food 
and Drug Administration (FDA) has already approved some 
DNA demethylating agents, such as decitabine and 5‑azaciti‑
dine, for cases of myelodysplasia and AML (53). Another class 

Figure 1. COVID‑19 and management of patients with haematological malignancies.
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of drugs that act as epigenetic regulators comprise the inhibi‑
tors of histone deacetylases (HDACs). Two HDAC inhibitors 
that have also been approved by the FDA are vorinostat and 
romidepsin, which are used in some cases of haematological 
malignancies (59). Furthermore, it has been reported that the 
combination of drugs targeting DNA methylation and histone 
modifications could be beneficial in the treatment of haemato‑
logical malignancies (60).

3. The COVID‑19 pandemic and healthcare services

COVID‑19 is a particularly life‑threatening virus in patients 
with haematological malignancies. According to initial 
reports, cancer patients are estimated to be twice as likely to 
be contaminated with SARS‑CoV‑2 compared with the general 
population, and in case of infection, these patients are at higher 
risk of serious episodes, leading to ICU, invasive ventilation or 
death, compared with patients without cancer (61,62). Since 
patients with haematological malignancies, such as leukaemia, 
lymphoma, myeloma, and recipients of autologous or alloge‑
neic haematopoietic stem cell transplantation, show significant 
humoral and cellular immunosuppression, their infection 
with COVID‑19 leads to significant higher mortality rates. 
According to recent studies, the overall mortality associated 
with COVID‑19 is 32‑40% in patients with haematological 
malignancies (63,64). It is therefore crucial to identify some 
prognostic factors that could help assessing the mortality risks 
of these patients.

Patients with haematological malignancies infected by 
SARS‑CoV‑2 require special protocols followed by medical 
professionals. The guideline followed in severe cases includes 
as an initial priority the immediate treatment of COVID‑19 
vs. haematological malignancies. Generally, due to severe 
immunosuppression, patients should be isolated and the treat‑
ment applied should be proportional to the severity of the virus 
infection (65).

To directly target the virus in multiple organs, the use of 
antivirals, such as lopinavir/ritonavir and remdesivir, as well 
as antibodies, are being evaluated for safety and appropriate‑
ness for the management of COVID‑19 (66,67). According to 
results from previous studies, convalescent plasma infusion 
has exhibited more favourable results in improving symp‑
toms and biomedical indicators, thus proving greater safety 
and benefits compared with other drugs (68,69). However, 
as mentioned before, infection with SARS‑CoV‑2 initiates 
a storm of cytokines that can cause several side effects, 
including hypercoagulable inflammatory condition, increased 
risk of secondary infections and weakening of the immune 
system (70). Subsequently, certain drugs are used to limit 
cytokine storms, such as targeted immunomodulatory agents, 
including tocilizumab and ruxolitinib, and anti‑inflammatory 
agents, including dexamethasone. Thrombosis prevention is 
also crucial among patients with COVID‑19. For this purpose, 
low molecular weight heparins are the first treatment of choice, 
although other anticoagulant therapies, such as antithrombin, 
can also be used (71).

Between the end of 2020 and the beginning of 2021, newly 
developed vaccines against SARS‑COV‑2 were available. 
Vaccine development is generally time and cost consuming, 
with an average development time of 10.7 years. Under 

normal conditions, new vaccines are tested in vivo in animals 
and then in humans through clinical trials. However, the 
immediate need to develop anti‑SARS‑COV‑2 vaccines led 
to a new process where the animal stage was bypassed (72). 
SARS‑COV‑2 vaccination aims to prevent symptomatic or 
severe infection that would require hospitalization, prevent 
transmission of the virus and generate a strong immune 
response against viral protein S, thus preventing the virus 
from attaching to human cells (23). At present, two mRNA 
vaccines and two adenovirus vaccines have been developed 
and distributed in the European Union. The side effects of 
these vaccines are limited to local injection site reactions, 
such as edema and erythema, which may be followed by 
non‑specific systemic effects, such as fever, myalgia, chills, 
fatigue and headache, although these are considered to be 
the results of the immune system reaction occurring after 
vaccination. Very rarely, severe allergic reactions have been 
reported, resulting in the exclusion of individuals with a 
history of severe allergic reactions to any component of the 
vaccine. However, data availability on the safety of these 
vaccines in terms of interaction with other vaccines or drugs, 
use during pregnancy or breast‑feeding, and in vulnerable 
subgroups, such as cancer patients, including haematological 
malignancies, patients with diabetes, neurological diseases 
and with autoimmune or inflammatory disorders, is still 
deficient, although the benefits of the vaccines are likely 
to outweigh the risks of vaccine‑related adverse reactions. 
Investigating the safety of vaccines in these cases is therefore 
crucial necessary (73,74).

4. Haematological malignancies and COVID‑19: current 
obstacles

The risk of severe outcome from COVID‑19 increases with 
advancing age and the existence of comorbidities (75). Cancer 
patients require therefore additional attention due to their 
immunosuppressed status, which is a result of both anti‑cancer 
treatment and tumour growth (76). Furthermore, some 
complications of COVID‑19 comprise hypercoagulability and 
thrombosis, and cancer patients already display an elevated 
risk of venous thromboembolic events (77). In particular, 
cancer patients have been shown to exhibit a higher risk of 
severe COVID‑19, ICU admission and mechanical ventila‑
tion (78). Oncology societies around the world have developed 
some guidelines to treat patients without risking a potential 
COVID‑19 infection. These guidelines categorize patients 
into different priorities based on the severity of their cancer 
condition and if postponing healthcare services has an impact 
on overall survival or quality of life (75). It is important to note 
that numerous additional factors are crucial for the clinician's 
approach to cancer patients during a pandemic, including 
cancer type, cancer therapy type, existing comorbidities, 
COVID‑19 treatment and the capacity of the healthcare system 
itself (78).

The above considerations apply to haematologic cancer 
patients, with certain unique characteristics of these diseases 
complicating the relationship between COVID‑19 and cancer. 
Most haematologic cancer patients receive anti‑cancer drugs 
that suppress bone marrow function or display cancers of the 
immune system, and present therefore with an even higher 
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risk of community and hospital‑acquired infections (79). 
Furthermore, it has been reported that patients with haema‑
tological malignancies and COVID‑19 display significantly 
higher rates of severe disease and mortality compared with 
COVID‑19 cases in the general population (76). These 
observations suggest that COVID‑19 infection may result in 
increased mortality in patients with haematological malig‑
nancies (77).

Since patients with haematological malignancies 
display a particularly high risk for COVID‑19, they should 
be considered a high priority group for SARS‑CoV‑2 
vaccination (80). However, widespread vaccination of 
high‑risk patients is a time‑consuming procedure while the 
COVID‑19 pandemic is not slowing down (81). In addition, 
the use of anti‑COVID‑19 drugs in such patients should be 
previously evaluated and heavily monitored since potential 
drug‑drug interactions with anti‑cancer drugs or unexpected 
toxicity of anti‑COVID‑19 drugs could emerge (77,82). At 
present, prevention policies still remain the most important 
part when it comes to combating COVID‑19. Both clini‑
cians and patients with haematological malignancies should 
adhere to a strict set of guidelines to prevent spreading of 
COVID‑19 (83). These guidelines may include creating 
designated areas for patients at high‑risk for COVID‑19 
infection, following specific cleaning and social distancing 
practices, having virtual meetings instead of requiring 
patients to attend the hospital, and screening a large number 
of patients and clinicians. Furthermore, the effects of 
COVID‑19 on patients with haematological malignancies 
will be long‑lasting due to delays in cancer scientific study, 
which is influenced by restrictions on research activities 
and the diversion to COVID‑19 research funding (76,81).

5. Discussion and conclusions

Translational genetics, which is the application of genetic 
knowledge to improve healthcare and disease prevention, can 
provide the basis for more advanced healthcare services that 
could alleviate problems arising from pandemics. The best 
use of translational genetics information would be to tailor 
therapies to each individual. This field of precision medicine 
can provide novel approaches for the diagnosis, prognosis, and 
treatment of individuals with haematological malignancies. 
Through this personalization of healthcare services, clinicians 
can improve their efficiency and help managing diseases such 
as haematological malignancies under difficult circumstances 
like those of a pandemic.

The present review was limited to the amount of 
existing data regarding patients suffering from haema‑
tological malignancies, as well as to the existing data 
concerning SARS‑CoV‑2 and COVID‑19. As the pandemic 
progresses, novel aspects of COVID‑19 infection and its 
effect on patients with cancer and treatment strategies 
may arise. However, this review explored the complex 
interaction between COVID‑19 and haematological cancer 
in patients, describing the obstacles and proposing strate‑
gies to overcome them. Similar studies examining cancer 
and COVID‑19 implications on various levels have been 
published, although they do not particularly focus on haema‑
tological malignancies (84,85). In addition, the impact of 

COVID‑19 on haematological malignancy patients has been 
described by a recent review, although it is based on survey 
data and is limited to data from one single country (86). 
It is therefore crucial to further investigate the impact of 
COVID‑19 on haematological malignancies, and evaluate 
their consequent treatment with specialized medication and 
adjusted hospitalization requirements.
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