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Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2, has currently
affected>220 million individuals worldwide. The complex interplay of immune dysfunction, active malignancy,
the effect of cancer treatment on the immune system and additional comorbidities associated with cancer
and COVID-19 all affect the outcomes of COVID-19 in patients with cancer. We have discussed the published
findings (through the end of September 2021) on the effects of cancer on themorbidity andmortality of COVID-
19, common factors between cancer and COVID-19, the interaction of cancer and COVID-19 treatments, the
impact of COVID-19 on cancer clinical services, immune test findings in cancer patients with COVID-19 and the
long-term effects of COVID-19 on cancer survivors.
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Introduction
Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has currently
affected >220 million individuals worldwide.1 COVID-19 has
been shown to cause more severe disease and increased mor-
tality in patients with active cancer.2–5 The complex interplay of
immune dysfunction, active malignancy, the effects of cancer
treatment on the immune system and additional comorbidities
associated with cancer and COVID-19 all affect the outcomes of
COVID-19 in patients with cancer. The emergence of the Delta
variant, which has been shown to have higher transmissibility,
cause more severe disease among the unvaccinated and have
somewhat less responsiveness to current COVID-19 vaccines6
may further alter the current landscape with regard to COVID-
19 infections in patients with cancer. The effect of cancer on
COVID-19 has also been shown to vary according to the type of
cancer.7 The emergence of variants of SARS-CoV-2 has also led
to changes in clinical presentations in cancer patients. In this
article we discuss what is known about the effect of cancer on
the morbidity and mortality of COVID-19, common factors that
are shared between cancer and COVID-19, the interaction of
cancer and COVID-19 treatments, the impact of COVID-19 on
cancer clinical services, immune test findings in cancer patients
with COVID-19 and the long-term effects of COVID-19 on cancer
survivors.

Literature search
The PubMed and Google Scholar databases were searched from
1 January 2020 to 30 September 2021 using the search terms
‘COVID AND cancer screening OR cancer diagnosis OR can-
cer management’, ‘COVID AND cancer AND seroconversion OR
immunity OR antibodies’ and ‘COVID AND cancer AND mortal-
ity OR outcomes OR clinical characteristics’. Retrospective and
prospective observational and cohort studies describing clinical
outcomes and changes in the immunity of cancer patients with
COVID-19 and the impact on cancer services due to COVID-19
were included in the review after eliminating duplicates and irrel-
evant articles (Figure 1).

The immune system in cancer
When the immune system does not function properly one
may get autoimmunity, allergy or cancer. Cancer occurs when
the immune system fails to get rid of cancerous cells. When
the immune system detects cancerous cells, it secretes sev-
eral chemicals, including cytotoxic granules, cytokines and
chemokines, and activates various immune cells that together
act to eliminate the cancerous cells.8 At times, the cancer-
ous cells escape such immune processes and start multiplying,
leading to growth and spread of the cancer. The immune sys-
tem applies a selective pressure to tumour development and

© The Author(s) 2022. Published by Oxford University Press on behalf of Royal Society of Tropical Medicine and Hygiene.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

1

https://doi.org/10.1093/trstmh/trac015
mailto:suran200@yahoo.co.uk
mailto:journals.permissions@oup.com


S.L. Seneviratne et al.

Records identified through PubMed 
and Google scholar Clinical trial 

databases and Google search  
(n = 759)

Sc
re
en
in
g

In
cl
ud
ed

E
lig
ib
ili
ty

Id
en
tif
ic
at
io
n

Additional records identified 
through reference tracing and other 

sources  

Records after duplicates removed were screened 
by abstracts  

Records excluded by 
abstract screening  

Full-text articles 
assessed for eligibility  

Full-text articles excluded, with 
reasons (entry not related to 

Covid-19, cancer or 
seroconversion) 

Studies included in 
qualitative synthesis  

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart.

growth and tumours are forced to edit the immune compo-
nents that surround it, which is known as cancer immunoedit-
ing. There are three phases of cancer immunoediting: tumour
dormancy/equilibrium, where the immune system fights against
the cancerous cells and both are at an equilibrium; tumour
immunity/elimination, where the immune system eliminates
the cancerous cells; and tumour progression/escape, where the
tumour overtakes the immune system and evades the immune
surveillance.9 Tumour cells evade immune attack by avoid-
ing immune recognition and instigating an immunosuppressive
tumour microenvironment.8 Tumour-induced immune defects
may weaken the host immune response, and this is a com-
mon feature in patients with haematologic malignancies such as
leukaemia.10
In certain haematologic malignancies, such as multiple

myeloma and chronic lymphocytic leukaemia (CLL), the tumour
cells need to share the same developmental space with normal
immune cells and thismay lead to immunoparesis. Somehaema-

tologic malignancies are characterised by systemic involvement
of secondary lymphoid organs. The bone marrow represents a
distinct immune tissue and haematopoietic stem cell involve-
ment in leukaemia leads to cytopenia.11 These distinct bio-
logical characteristics of haematologic malignancies reflect the
immunosuppression associated with these malignancies. Can-
cer treatments such as chemotherapy, immunotherapy, targeted
therapy and haematopoietic stem cell transplantation (HSCT)
may also lead to myelosuppression and immunosuppression in
cancer patients.
The viral envelope of SARS-CoV-2 is typically made up of three

proteins that include themembrane, envelope and spike proteins.
The latter helps the virus to bind to and enter host cells.12,13 Here
it multiplies and then spreads from cell to cell and person to per-
son. The immune system is activated in different ways, including
increased or decreased proliferation of various cells and secretion
of cytokines and downstream effects due to this. The immune
system produces different CD4 and CD8 T cells against different
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parts of the virus and the process of vaccination tries to mimic
this before the infection occurs.12,13 Thus a person with cancer,
in whom the immune system is weak due to the cancer and
the various treatments received, may be more prone to getting
COVID-19 and getting severe disease with adverse clinical out-
comes including death.

Coronavirus infections in cancer patients
Studies have assessed the effects of SARS-CoV-1 and Middle East
respiratory syndrome–related coronavirus (MERS-CoV) infections
in cancer patients. Information on the mortality and morbid-
ity of cancer patients following SARS-CoV-1 infection are sparse.
A patient with acute myeloid leukaemia (AML) and SARS-CoV-1
infection developed bilateral infiltrates on chest radiography but
did not require intubation and was discharged uneventfully from
the hospital.14 On the other hand, there is high morbidity and
mortality among cancer patients infected with MERS-CoV, espe-
cially in those with haematologic malignancies. Atypical presen-
tations of MERS-CoV infections were seen in those with a current
or recent history of blood cancers. These included delayed symp-
tom development, 20-d incubation period and persistent viral
shedding without clinical deterioration.15 Multiple studies have
found higher mortality rates among blood cancer patients who
developed MERS-CoV infection. One study found MERS-CoV infec-
tion in blood cancer patients to have a very poor prognosis regard-
less of the status of the underlying disease.16 Other studies found
the disease to be more severe among patients with cancers,17
with a 100% case fatality rate among patients with haemato-
logicmalignancies and advanced solid cancers. Themajor causes
of death were multi-organ failure and septic shock.18

Common factors in cancer and COVID-19
Cancer is a genetic disease that is influenced by the tissue
microenvironment and COVID-19 is an infectious disease.19 There
are several similarities between cancer and COVID-19 with
regards to risk factors for severe disease and immune changes,
such as overproduction of some cytokines (e.g. interleukin-6
[IL-6] and type I interferon [IFN-I]), the involvement of andro-
gen receptors and immune checkpoint signalling.20 Studies have
clearly showngender, age, ethnicity, comorbidities (including car-
diovascular and respiratory), obesity, smoking and various med-
ical conditions significantly impact the morbidity and mortality
rates in COVID-19.3,21,22 The same factors are known to have
a significant adverse impact on cancer patients as well. Socio-
economic factors, including the gross domestic product,may also
affect the association between cancer and COVID-19.20,23 Fur-
ther similarities between cancer and COVID-19 have been elu-
cidated at a molecular level by Zong et al.20 Four major signalling
pathways—androgen receptor (AR), cytokine, IFN-I and immune
checkpoint signalling—have been shown to govern the incidence
and severity of both diseases.19
Angiotensin-converting enzyme 2 (ACE2) expression in lung

tissue has been found to increase with age.24,25 Since most can-
cers occur in older individuals, high ACE expression has been sug-
gested as a mechanism mediating adverse clinical outcomes in
older cancer patients.26 Furthermore, smoking increases ACE2
expression in the lung tissue. There is a dose–response relation-

ship between the number of pack-years of smoking and ACE2
expression.27,28 Smoking also correlates with adverse outcomes
in patients with COVID-19.29
The S protein of coronavirus consists of two components, S1

and S2. S1 is involved in recognizing and binding the virus to the
host cell surface, while S2 is involved in fusing the viral and cell
membranes, allowing viral entry into the cell. TMPRSS2 is the pro-
tease that mediates S protein cleavage, setting S1 and S2 apart.
This event is called S protein priming and is believed to be essen-
tial for the interaction of SARS-CoV-2 with ACE2 and cell entry.30
Co-expression of ACE2 and TMPRSS2 in such cells as type II pneu-
mocytes, absorptive enterocytes of the small intestine and nasal
goblet secretory cells reflects the high susceptibility of these cells
to SARS-CoV-2.31 ACE2 is also highly expressed in males, espe-
cially in urogenital organs such as the prostate. It was demon-
strated in a recent study that patients with chronic urinary dis-
eases are highly prone to SARS-CoV-2 infection.32
Further, expression of TMPRSS2, one of the target genes of ARs,

has an impact on both cancer and COVID-19. TMPRSS2 expres-
sion is modulated by the ARs in normal prostate secretory epithe-
lium and prostate cancer. TMPRSS2 has also been found to be
expressed in lung tissue.33 Recent studies suggest that patients
with prostate cancer treated by androgen deprivation therapy
(ADT)were less likely to be infected by SARS-CoV-2 comparedwith
those not on ADT or those with other tumour types.34 They are
also less likely to develop adverse clinical outcomes (hospitaliza-
tion and oxygen supplementation).35 Patients with pre-existing
primary or secondary immune dysregulation are at an increased
risk of adverse or severe outcomes following COVID-19.36
Severe COVID-19 is associated with increased levels of

cytokines such as IL-6, leading to a cytokine storm.26,37–40 IL-6 is
also overexpressed in almost all types of tumours and is one of
themajor cytokines in the tumourmicroenvironment and a driver
of tumour progression.41 On the other hand, one study showed
that IFN-I levels are reduced in COVID-19 infection.42 IFN-I is
implicated in inhibiting tumour growth and promoting tumour
cell senescence and death.43 Decreased levels of IFN-I and IFN-
stimulated genes along with increased levels of IL-6 has been
demonstrated in peripheral blood samples from critical COVID-
19 patients.44 In contrast, a few studies have demonstrated
elevated IFN-I levels along with high IFN-stimulated genes in
bronchoalveolar lavage or peripheral blood mononuclear cells
of COVID-19 patients.45,46 Immune checkpoint molecules are
expressed on a considerable proportion of tumour cells in many
different cancers, including some haematologic malignancies
such as Hodgkin lymphoma and primary mediastinal B cell
lymphoma.47 Several studies have shown an upregulation of
checkpoint receptors in association with T cell exhaustion and
lymphopenia in severe COVID-19 cases.48–51
Both cancer and COVID-19 have an increased risk of venous

thromboembolic events (or, more rarely, arterial thromboses).52
The mechanisms involved in COVID-19 coagulopathy include
inflammation and activation of the innate immune system
that in turn activates the systemic coagulation pathways.52–54
Viral endotheliopathy and microcirculatory dysfunction may fur-
ther contribute to the thrombotic complications seen in COVID-
19.53–55 In cancer patients, local or systemic therapy, multiple
comorbidities and cancer cells expressing coagulation factors
have been implicated in the pro-coagulant state.56
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Morbidity and mortality patterns of COVID-19 in cancer
patients
Both cancer and COVID-19 may have some common predispos-
ing factors, including increased age, obesity and immunosup-
pression, and thesemay also increase the chance of a person get-
ting severe COVID-19. In cancer, there may be a greater chance
of the immune system becoming further dysregulated by COVID-
19 as compared with a healthy person. The outcomes in patients
with cancer who develop COVID-19 can be divided into three
facets: clinical, laboratory and general management outcomes.
Table 1 outlines the significant findings with regard to changes in
outcomes of patients with solid and/or haematologic malignan-
cies following COVID-19 infection.3,5,7,21,22,29,57–108

Solid malignancies
In studies that included solid cancer patients, those who got
COVID-19 had a higher probability of death compared with
patients without cancer.7,57,60 Several risk factors for increased
mortality have been identified, including advanced age, male
sex, smoking history, metastatic cancer, the presence of lung or
bone metastases, higher C-reactive protein levels, the number
of comorbidities and poor performance status.7,21 Some studies
found the age cut-off for worse prognosis to be 65 y,96 while oth-
ers found it to be 75 y.21 Severe lung involvement due to cancer
is an important determinant,22 and those from ethnic minorities
have a worse prognosis.3
Those with lung, digestive (excluding colorectal), nasopharyn-

geal, brain and skin cancers had high mortality, with lung can-
cer as the highest.7,57,101 Moderately higher mortality was noted
with genitourinary, female genital tract, breast and thyroid can-
cers.57 One study found genitourinarymalignancies to not have a
higher risk for mortality compared with the general population91
and another found thosewith gynaecologic cancer to have a sim-
ilar age-specific mortality risk.71 Non-metastatic cancer patients
experience similar frequencies of severe conditions as patients
without cancer.63 Another study reported gastrointestinal tract
cancer (together with lymphoma or other haematologic neo-
plasms) had the highest excess of hospitalization, while cancers
of the urinary tract, female genital organs and melanoma had
the highest excess mortality.97 Those with solid cancers had a
higher risk of thromboembolism and sepsis,59 acute respiratory
and kidney failure, venous thrombosis, atrial fibrillation,7 acute
respiratory distress syndrome (ARDS),60 liver injury, myocardial
injury, renal insufficiency and multi-organ dysfunction syndrome
(MODS).81

Haematologic malignancies
Owing to high immunosuppression as a result of underlying dis-
ease, patients with haematologic malignancies are at signif-
icantly higher risk of a variety of severe infections, including
COVID-19. They often receive myelosuppressive and immuno-
suppressive treatment, which further reduces their immune
responses and further increases their risk of infections.
Increased mortality from COVID-19 infection has been

reported in patients with immunosuppression (including those
taking methotrexate). In particular, those with haematologic

malignancies had a 2.5-fold increased risk.109 A retrospective
study found that patients with both COVID-19 infection and
progressive cancer had a fivefold increase in the risk of 30-d
mortality compared with COVID-19-positive cancer patients who
were in remission or had no evidence of cancer.29 A retrospective
Italian study early in the pandemic also showed higher mortality
in haemato-oncology patients with COVID-19 infection on the
order of 39.2%, which was significantly higher when compared
with rates for non-haematologic patients with COVID-19 (23.5%)
and uninfected haematologic controls (3%).61 A large retrospec-
tive study by Passamonti et al.110 from Italy revealed increased
mortality of patients with haematologic malignancies infected
with COVID-19 when compared with a non-COVID-19 cohort
with haematologic malignancies. Older age, progressive disease
status, diagnosis of AML, indolent non-Hodgkin lymphoma,
aggressive non-Hodgkin lymphoma or plasma cell neoplasms
and severe or critical COVID-19 were associated with worse
overall survival in this study. A meta-analysis of 34 adult and
5 paediatric studies from Asia, Europe and North America that
included 3377 predominantly hospitalised haemato-oncology
patients reported a comparable risk of death on the order of
34%.111 Patients >60 y of age had a significantly higher relative
risk of death compared with those <60 y of age. Several more
studies have demonstrated higher mortality in patients with
haematologic malignancies following COVID-19 infection com-
pared with solid cancer patients.73,79,82,90 Children with blood
cancers seem to have a low risk of death and the risk is higher in
those with blood compared with solid organ cancers.111
Amulticentre audit in six National Health Service (NHS) centres

revealed that patients with haematologic malignancies treated
with chemotherapy in the preceding 28 d to COVID-19 diagno-
sis and nosocomial COVID-19 infection had a significantly higher
mortality rate than those with solid malignancies.112 In contrast,
the aforementioned Italian study by Passamonti et al.110 found
that recent therapy had no association with mortality. This find-
ing is consistent with the studies of patients with cancer in gen-
eral and provides reassurance of the general safety of cancer
treatment during the pandemic, although it is not a guarantee
for every specific treatment in every clinical scenario.27 Several
studies have shown haematologic malignancies adversely affect
COVID-19 severity. A study conducted at two centres in Wuhan,
China among haematologic malignancy patients found no dif-
ferences in baseline characteristics between those who did or did
not develop COVID-19. However, the haematologic malignancy
patients with COVID-19 had a higher mortality rate than those
without COVID-19.113 Patients with haematologic malignancies
have significantlymore admissions to the intensive care unit (ICU)
than thosewithout cancer.7 Factors that adversely affected prog-
nosis were advanced age, male sex, presence of lung or bone
metastases, higher C-reactive protein levels, lymphopenia, non-
Hispanic black race and Hispanic ethnicity, the number of comor-
bidities and poor performance status.3,7,21

Immune test findings in cancer patients with COVID-19
Table 2 outlines the significant immune test findings in cancer
patients with COVID-19.86,114–124 Laboratory studies have found
weaker SARS-CoV-2 antibody responses in patients with cancer
compared with those without.119 A study found seroconversion
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following COVID-19 to be lower in patients with haematologic
malignancies and those who had received rituximab or a stem
cell transplant.124 Thus a differential rate of seroconversion was
seen in different cancer patient groups. Another study found sur-
vival to be lower in patients with blood cancers compared with
those with solid organ cancers. In this study there was greater
impairment of B cell and SARS-CoV-2-specific antibody responses
in those with blood cancers compared with solid cancers.86 Sig-
nificantly reduced immunoglobulin G (IgG) and IgM antibodies
to SARS-CoV-2 are seen among blood cancer patients compared
with solid cancer patients following COVID-19.86 However, a sub-
set of patients developed good CD4+ and CD8+ T cell responses
and those with good CD8+ T cell responses were able to compen-
sate for the weak antibody responses.86
Impairment of B cells has been found in other studies as

well.121,123 In one study there were heterogeneous humoral
responses and an exhausted T cell phenotype in blood can-
cer patients. There is compelling evidence from case reports
and series that immunosuppressed patients, including those
with cancers, are also at increased risk of prolonged, persis-
tent SARS-CoV-2 infection and viral shedding, accelerated viral
evolution during infection and treatment, emergence of viral
variants that show evidence of reduced susceptibility to neu-
tralizing antibodies and low antibody titres to SARS-CoV-2 vari-
ants.125–135 The immunophenotypes of recovered solid cancer
patients were similar to non-virus-exposed cancer individuals,
while recovered blood cancer patients showed a weak immune
response.117 Anti-cancer therapy has been reported to be associ-
ated with impaired seroconversion. Patients receiving anti-CD20
therapy and chimeric antigen receptor (CAR) T cell therapy have
absent seroconversion.124
However, some studies reported SARS-CoV-2-specific IgG anti-

body detection did not differ between cancer patients and
healthy individuals.122,136 Furthermore, immune disruption is
higher in symptomatic COVID-19 patients, while asymptomatic
carriers have normal immunity and lymphocyte counts.114
Finally, the resolution of any immune dysfunction that follows
COVID-19 occurs faster and better in those with a solid cancer.
There is delayed or absent antibody responses in patients with
haematologic malignancies and these patients will take longer
time to clear the virus.137

Interaction of cancer and COVID-19 treatments
The treatment of cancer patients with COVID-19 may be compli-
cated by changes in immunity when using certain medications
and drug interactions. In Hodgkin lymphoma, bleomycin needs
to be used with caution, owing to its lung toxicity.138 Immune
checkpoint inhibitor (ICI)-induced pneumonitis has made clini-
cians cautious about using this class of medicines. Concomitant
ICI-induced pneumonitis and COVID-19 pneumonia may poten-
tially increase the risk of lung damage.139 Among those with can-
cer that develop COVID-19, those receiving ICI therapy hadworse
outcomes in some studies40 but not in others.102 Several can-
cer treatment protocols or regimens do not affect the outcomes
of COVID-19 and have thus been recommended for use in can-
cer patients during the pandemic.140 Immunotherapy, hormone
therapy or radiotherapy in the month prior to SARS-CoV-2 infec-
tion is not associated with an increased risk of mortality among

cancer patients with COVID-19.34 Androgen therapy reduces
the risk of contracting COVID-19 among patients with prostate
cancer.
The Bruton tyrosine kinase inhibitors (BTKis) are used to

treat CLL, Waldenström macroglobulinaemia and chronic graft-
vs-host disease and have been shown to have potent anti-
inflammatory effects resulting in decreased levels of pro-
inflammatory cytokines that are commonly elevated in severe
COVID-19.141 Thus some authors have suggested a protective
role of BTKis from severe COVID-19 morbidity due to an atten-
uated inflammatory response.142,143
It is recommended that granulocyte colony stimulating factor

(G-CSF) and granulocyte-macrophage colony stimulating factor
(GM-CSF) be stopped in patients with cancer and COVID-19 who
do not have bacterial or fungal infections, to avoid the poten-
tial risk of increasing inflammatory cytokine levels and pulmonary
inflammation.144,145 On the other hand, it is recommended that
G-CSF be given with chemotherapy regimens to reduce the risk
of febrile neutropenia in patients with COVID-19.146 Thus, further
trials on this aspect are urgently needed.
With CAR T cell and bispecific T cell engineer therapy, cytokine

release syndrome is a known complication and sharesmany simi-
laritieswith the COVID-19-associated cytokine storm.147 The opti-
mal time interval between resolution of infection and initiating or
restarting cancer-directed therapy is still to be determined. Cur-
rently it has been recommended that treatment bewithheld until
COVID-19 symptoms have resolved.140 With radiation therapy,
hypofractionation has been suggested to minimize the number
of hospital visits during the pandemic.148
The overall recommendations for treating COVID-19 in cancer

patients are similar to those for the general population.140 Dex-
amethasone has been found to reducemortality rates in patients
with COVID-19 who require supplemental oxygen or invasive
mechanical ventilation.149 In cancer patients, dexamethasone
is used for several reasons, including preventing chemotherapy-
induced nausea and to treat inflammation associated with brain
metastasis or spinal cord compression and as part of treat-
ment protocols in acute lymphoblastic leukaemia and multiple
myeloma. The side effects of dexamethasone are expected to
be similar in patients with cancer to those without.140 However,
as dexamethasone is a weak to moderate cytochrome P450
(CYP3A4) inducer, possible interactions do need to be consid-
ered.140
Interactions are seen between medications that are used to

treat cancer and COVID-19.150 Tocilizumab is known to inter-
act with vincristine and doxorubicin. Some COVID-19 treatments
may cause QT interval prolongation and thus need to be used
with caution in patients receiving a bcl-2 inhibitor (veneto-
clax) or tyrosine kinase inhibitors (such as gilteritinib or nilo-
tinib). Lopinavir/ritonavir are CYP3A4 inhibitors and may increase
methotrexate, vincristine or ruxolitinib concentrations.151,152

Impact of COVID-19 on cancer clinical services
Taking into account the impact of COVID-19 on cancer clinical
services, clinicians have had to rethink and remodel the provi-
sion of curative care for such patients. Table 3 outlines impor-
tant findings with regard to the impact on clinical services and
psychological aspects of cancer patients due to the COVID-19
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pandemic.137,153–167 One study suggested that while appropriate
therapy is continuing, physicians should take steps to reduce the
risk from COVID-19, such as the selection of oral over intravenous
treatment regimens wherever there is equipoise, the more judi-
cious use of growth factor support and reducing surveillance
laboratory and radiologic evaluations when possible.144,145,148
Another study discussed the use of tele-oncology services to
reduce the risk of cancer patients being exposed to SARS-CoV-
2.168 There is a need for clear communication and education
about hand hygiene, infection control measures, high-risk expo-
sure and awareness of the signs and symptoms of COVID-19.
Some have suggested the need to individually evaluate the
necessity of active intervention, postponing elective surgery or
adjuvant chemotherapy for patients with a low risk of progres-
sion and minimizing outpatient visits to mitigate exposure and
transmission.169
Optimal protection of healthcare staff is important during the

pandemic. Rapid response by institutions, adjustments to orga-
nizational structure, strategic planning, developing and imple-
menting effective guidelines and providing effective and alter-
native ways to protect and support clinical staff, employees and
patients are key to achieving good care during the pandemic.
Many patients with haematologicmalignancies rely on clinical

trials to receive their care, but during the pandemic the conduct of
several clinical trials has been affected. The risk of adverse events
from cancer therapies is unlikely to be increased.170 Haema-
tologic malignancy treatment units should be SARS-CoV-2 free
zones, dedicated solely to haematologic treatment. Patients
should strictly comply with social distancing and hospital outpa-
tient visits should be reduced.
During the pandemic, cancer patientsmay experience adverse

impacts from a screening, treatment or psychological perspec-
tive. Two-thirds of new cancer patients have presented at a
more advanced stage. Nearly 75%missed their cancer screening
appointment and two-thirds of patients who are already on can-
cer treatment have had their treatment interrupted.171 A signifi-
cant proportion of screening and diagnostic investigations have
had to be postponed due to the pandemic. There has been a
large effect on endoscopic services, leading to reductions in can-
cer detection.165 Significant disruption has been seen in lung can-
cer screening167 and imaging studies.161 Urgent referrals for early
cancer diagnosis were significantly reduced.137 National screen-
ing programmes for breast, colorectal and cervical cancer were
temporarily stopped or reduced due to the pandemic.153
An Israeli national survey among haemato-oncology patients

reported a delay in treatment among 9.1% of patients.172 Inter-
ruptions to treatment at any stage have been reported by 77.5%
of breast cancer patients during the pandemic.156 A systematic
review of 62 descriptive studies showed that interruptions and
disruptions largely affected facilities up to 77.5%, the supply
chain up to 79% and personnel availability up to 60%.173 Despite
repeated reassurances from officials that the UK’s NHS remained
open for urgent care, it was estimated that 45% of those with
potential cancer symptoms did not contact their doctor dur-
ing the UK’s first wave of the pandemic from March to August
2020. The main reasons cited were fear of contracting COVID-19
and avoiding placing extra strain on the NHS. Consequently, sus-
pected cancer referrals fell by 350 000 compared with the same
period in 2019.174 By April 2021, the UK NHS had >4.6 million

cases on the waiting list for surgery and>300 000 have a waiting
time of >12 months, a considerable proportion of which are for
cancer.174
There have been disruptions to interventional procedures, pal-

liative care services154 and therapeutic surgeries,158,164,175 with
decreases in admissions for chemotherapy.137 One study found
the delay occurred among newly diagnosed patients with breast,
prostate and non-metastatic cancers.162 Some of the reasons
for delayed and disrupted care included an overwhelmed health
system, lack of personal protective equipment, staff shortages,
restricted access to medications155 and barriers to consult-
ing a general practitioner.153 A 20% increase of cancer deaths
has been predicted in England due to COVID-19 because of
delays in patients seeking care, getting referred or receiving their
chemotherapy.137
During the COVID-19 pandemic, adverse psychological effects

have been noted among cancer patients. A high prevalence
of mental health problems among cancer patients has been
observed.160 Patients with breast cancer were reported to have
high rates of anxiety, depression, distress and insomnia.156
COVID-19-related anxiety among breast cancer patients may
affect their decision-making process, such as attending diag-
nostic and therapeutic procedures.159 The aforementioned Israeli
national survey including >400 haemato-oncology patients
recorded high rates of depression, and it was more evident
among patientswith chronicmyeloid leukaemia.172 A prospective
study that included 77 lymphoma patients from Italy reported
anxiety in 36% of patients, depression in 31% when the Hos-
pital and Anxiety Depression Scale was administered and post-
traumatic stress disorder (PTSD) among 36%.176 Some may
develop issues with a range of addictions.177

Long-term effects of COVID-19 on cancer
Cancer patients are at an increased risk of developing post-COVID
complications,178 mainly affecting their heart, lung, kidney, skin
and brain.179 At least 15% of patients with cancer who have
recovered from COVID-19 experience at least one post-infection
sequelae,180 such as respiratory symptoms, fatigue, neurocogni-
tive dysfunction and weight loss.181 Those at higher risk of long-
term sequalae include men, those ≥65 y of age, having two
or more comorbidities and a history of smoking.178 One study
found that if cancer patients with COVID-19 survive the immedi-
ate sequelae, their long-term sequalae and mortality are similar
to those of cancer patients without COVID-19.57
Interestingly, due to mounting evidence that SARS-CoV-2 is

able to modulate certain oncogenic pathways, promote chronic
low-grade inflammation and cause tissue damage, it has been
hypothesised that long COVID-19 may predispose recovered
patients to cancer development and accelerate cancer progres-
sion.182 Comprehensive studies are urgently required to elucidate
the effects of long COVID-19 on cancer susceptibility.

Conclusions
COVID-19 has significant adverse clinical, laboratory, socio-
economic and psychological effects among patients with malig-
nancies. This is more prominent in those with haematologic
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malignancies compared with solid malignancies and the mag-
nitude of the risk has implications for clinical decision making.
Those with lung cancer have the highest mortality among solid
cancers from COVID-19. COVID-19 and cancer intersect at a
molecular level, which may have therapeutic implications in can-
cer patients with COVID-19. Certain oncogenic molecular path-
ways commonly involved by cancer are also affected by COVID-
19. Autoantibodies against IFN-I have been found in patients
with life-threatening COVID-19.183 Comprehensive studies are
required to elucidate long-term sequelae of COVID-19 on can-
cer survivors. The COVID-19 pandemic has caused major disrup-
tions to clinical services for cancer patients worldwide. Delayed
presentations and diagnosis due to strained health systems and
patients’ reluctance to seek medical care during the pandemic
have caused a considerable impact on cancer survival. In order to
mitigate the catastrophic effects of the pandemic on cancer care,
a thorough and collaborative effort is required at the national
and international level. Findings from various studies have impor-
tant policy implications, including, but not limited to, the need
for increased surveillance and testing for SARS-CoV-2, minimising
healthcare system exposure and reconsideration of procedures
and treatments in patients with cancer in order to minimise the
morbidity and mortality caused by COVID-19. Vaccination is an
important preventivemeasure for patientswith solid and haema-
tologic malignancies against getting severe COVID-19.
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