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Abstract

This study aimed to delineate the possible impact of COVID-19 on acute myeloid leuke-
mia (AML) patients in terms of diagnosis, chemotherapy, bone marrow transplant, and

vaccination response. Allogeneic stem cell transplantation is markedly affected by the
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COVID-19 pandemic, as both donors and recipients must be healthy for transplantation
to be feasible and successful. Delays in the identification of well-matched donors have
been predicted, and represent a special challenge. Therefore, future donors should be
tested for COVID-19. The outcome of delayed transplantation is vague and masked by
variations in stem cell source along with disease subtype. However, if transplant delay
results in recurrence of minimal residual disease, a negative impact on survival is
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INTRODUCTION

AML patients are at high risk for coronavirus disease
(COVID-19), caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) due to an immunocompro-
mised state. Allogeneic stem cell transplant (SCT) remains
the best treatment option for patients with intermediate-
or high-risk AML. The COVID-19 pandemic presents great
challenges for allogeneic-SCT. The clinical course of
COVID-19 in patients with AML is unusual. Therefore, con-
sistent polymerase chain reaction (PCR) and IgG antibody
tests are mandatory for safely performing allogeneic-SCT.
Constant hygiene measures may further help save patients
during the COVID-19 pandemic [1].

As COVID-19 is a serious disease during an early pandemic,
allogeneic-SCT in AML patients is believed to be at a partic-
ular risk for poor outcomes due to an immunocompromised
state. Therefore, early diagnosis and supportive treatment
may improve the prognosis of these patients. Close evaluation
of stem cell donors and transplant candidates is also needed.
Thus, continuous supportive treatment can lead to favorable
outcomes, even in heavily immunocompromised patients [2].

Patients with AML are considered a high-risk population

because of their immunocompromised status. Current studies
focused on patients with AML have confirmed that COVID-19
severity tends to increase in immunocompromised patients.
The presence of pulmonary infiltrates at diagnosis and the
need for oxygen suggest poor outcomes. Therefore, social
distancing, use of protective equipment, and infection control
may be needed to save allogeneic-SCT patients [3].

Allogeneic-SCT patients can recover from COVID-19 and
produce an antibody reaction with a similar overall survival
to the general population. Poor prognosis is usually observed
in AML patients with relapse and in those with risk factors,
including comorbidities and neutropenia. Therefore, alloge-
neic-SCT patients should seek medical care, especially those
with severe symptoms or complications [3].

Finally, COVID-19 infection results in high morbidity
and mortality rates in allogeneic-SCT patients. Therefore,
prevention of infection is essential. The most critical factors
were old age and presence of comorbidities. Hopefully, cen-
ters can aid in protective measures, including vaccines, to
decrease poor outcomes in allogeneic-SCT patients. This
study aimed to show the impact of ongoing COVID-19 on
patients with AML undergoing allogeneic-SCT [4].
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The clinical course of COVID-19 in AML patients

The clinical course of COVID-19 in AML patients could
be different from that in other COVID-19 cases. The in-
cubation period for COVID-19 was approximately 14 days.
However, the incubation period in AML patients is more
than 3 weeks, irrespective of clear contact with a positive
case. This finding could be explained by the fact that impaired
immunity does not produce an immediate, strong reaction.
The immune response is less potent than that in a healthy
population. Intensive mouthwashes and chemotherapy
might also be a possible explanation for the longer incubation
periods in patients with AML. Therefore, consistent PCR
and IgG antibody tests are necessary to confirm the diagnosis
of COVID-19 in patients with AML undergoing alloge-
neic-SCT [5].

Detection of COVID-19 in AML patients

Respiratory and plasma specimens are collected regularly
for SARS-CoV-2 PCR and antibody tests over the course
of the disease. SARS-CoV-2 PCR, along with corresponding
IgG antibody tests, is necessary. The SARS-CoV-2 IgG assay
recognizes serum IgG antibodies directed against the nucleo-
capsid protein of the virus. SARS-CoV-2 is a relevant point
during the early stage of the disease and is related to specific
antibody reactions, revealing a relationship between the hu-
moral immune response and control of SARS-CoV-2 [2].

The estimated seroconversion for COVID-19 in AML patients

The estimated seroconversion was approximately 10-14
days after diagnosis. However, SARS-CoV-2 antibodies have
been detected in AML patients for more than 14 days due
to an immunocompromised state. As immunosuppression
and comorbidities are considered risk factors for COVID-19,
delayed seroconversion can lead to negative outcomes for
AML patients and for people with only restricted facilities
of intermediate-care therapy [2].

Factors associated with disease severity in AML patients
At the time of COVID-19 diagnosis, 22 percent of AML
patients had two comorbidities, including hypertension, con-
gestive heart failure, chronic obstructive pulmonary disease,
diabetes mellitus, HIV, and chronic kidney disease, while
44 percent had none of these issues. Having more than 2
comorbidities with an active malignancy, the presence of
pulmonary infiltrates on initial imaging, and neutropenia
predicts increased disease severity in allogeneic-SCT patients

(3.

Delayed or missed diagnosis of AML during COVID-19
Most recent recommendations for COVID-19 screening
limit diagnostic tests to symptomatic, high-risk AML
patients. Meanwhile, others are instructed to self-isolation/
quarantine. Full blood counts will be performed only in
patients with AML with severe signs and confirmed

COVID-19 infection. As 50-75% of AML patients are febrile
at diagnosis, a missed or delayed diagnosis in these patients
is suspected [6].

Chemotherapy delay during COVID-19

COVID-19 diagnosis may raise difficulties in the manage-
ment of underlying leukemia, including delays in therapy
and dose reduction. COVID-19 tests were routinely per-
formed before induction therapy. In asymptomatic and
symptomatic COVID-19 positive patients, induction therapy
is postponed for 14 days, if possible. Delay in chemotherapy
may adversely affect prognosis, particularly in young patients
aged <60 years with favorable- or intermediate-risk diseases.
For AML patients with favorable- or intermediate-risk who
are fit to receive intensive chemotherapy, the standard “3+7”
induction therapy should be considered. For consolidation,
the cytarabine dose could be decreased to 1.5 g/m” rather
than 3 g/m’. Further therapy may be required to achieve
deep complete remission before allogeneic-SCT [6-8].

Allogeneic-SCT delay during COVID-19

The COVID-19 pandemic has created barriers for timely
donor assessment, cell collection, and graft transport. Donors
should practice good hygiene for approximately 14 days prior
to donation. Therefore, unnecessary travel must be
postponed. Recent guidelines suggest that donors should be
tested for COVID-19 before cell collection. Stem cell prod-
ucts can be preserved at the collection site if transport is
delayed. Cryopreservation of stem cell products is a safe
procedure during COVID-19, preventing annoying events
such as postponed transport or last-minute calls for an in-
eligible donor who is COVID-19 positive on the collection
day, that could prevent graft delivery on time to an AML
patient who has already received the conditioning regimen

[9].

Timing of allogeneic-SCT during COVID-19

In patients with prior COVID-19, allogeneic-SCT is safe
and possible; no recurrent COVID-19 is observed. However,
persistent COVID-19 infection in AML patients highlights
the potential risk of allogeneic-SCT. AML patients with se-
vere complications after COVID-19 are unsuitable candidates
for SCT. All patients had negative PCR results immediately
prior to SCT. Therefore, allogeneic-SCT is possible 1-3
months after resolution of severe COVID-19. The dynamics
of symptom improvement, negative PCR, CT-Chest, and pul-
monary function tests are considered objective measures for
the ideal time of allogeneic-SCT in patients with AML [1,
10].

Outcomes of allogeneic-SCT during COVID-19

The impact of COVID-19 on clinical outcomes of alloge-
neic-SCT was assessed at the Dana-Farber Cancer Center
by assessing outcomes in 62 allogeneic-SCT recipients treated
during the initial COVID-19 infection. Outcomes were com-
pared with those of 66 allogeneic-SCT recipients treated
before the pandemic. Despite structural changes during
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COVID-19, the 100-day overall survival, progression-free
survival, primary graft failure, neutrophil engraftment, rates
of non-COVID-19 infections, and acute graft-versus-host
disease in allogeneic-SCT recipients were all similar during
and before COVID-19 [11].

Overall survival (92% vs. 94%) and progression-free sur-
vival (83% vs. 85%) on day 100 were similar between alloge-
neic-SCT recipients during and before COVID-19. Donor
product cryopreservation does not negatively affect early
clinical outcomes. Despite cryopreservation, there was no
difference in the incidence of primary graft failure (3.1%
vs. 2.9%) or days to neutrophil engraftment (15 vs. 15 days)
during and before COVID-19 [11].

The early relapse rates (9.4% vs. 11.8%) were similar in
allogeneic-SCT recipients during and before COVID-19.
Furthermore, there was no difference in the incidence of
acute Graft versus host disease (GVHD) grade three to four
(8.2% vs. 1.5%) during and before COVID-19. Cryopreservation
is associated with reduced total leukocyte and CD3
chimerism. Total leukocyte chimerism (99% vs. 98%) and
CD3 chimerism (95% vs. 67%) did not change significantly
during and after COVID-19 [11].

There was also no significant difference in the incidence
of non-COVID-19 and febrile neutropenia before and during
COVID-19. This finding could be explained by the fact that
most infections in allogeneic-SCT recipients are bloodstream
(gut translocation) infections, that are not affected by a viral
respiratory pandemic. Therefore, allogeneic-SCT recipients
are regularly advised to adhere strictly to masks when they
are immunosuppressed. There is no possible explanation for
why there was no significant increase in non-COVID-19
infections in allogeneic-SCT recipients. Undetected
COVID-19 is not expected, as the COVID-19 test is widely
available for febrile patients [11].
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Fig. 1. Assessment of lymphocyte subsets over time before, during, and
in recovery from COVID-19 in allogeneic-SCT recipients [3].

ASSESSMENT OF LYMPHOCYTE SUBSETS IN
ALLOGENEIC-SCT DURING COVID-19

Monitoring immune status after SCT is a standard clinical
practice, involving lymphocyte subsets (CD4+ T cells, CD8+
T cells, CD19+ B cells, CD56+CD16+ NK cells, and CD3+
CD56+CD16+ NKT cells). Furthermore, T-cell populations
include naive (CD45RA+CCR7+), central memory (CD45RA
—CCR7+), and effector memory (CD45RA-CCR7-). Fig. 1
shows the immune subset study performed on allogeneic-SCT
recipients [3].

COVID-19 is associated with a decrease in lymphocyte
subsets. As allogeneic-SCT recipients are a special population,
immune cells are affected by immune/disease status, im-
munosuppression regimen, and GVHD. Immunological
profiling is commonly performed before COVID-19 diagnosis
[3].

Most patients with AML have decreased lymphocyte sub-
sets, particularly CD4 and CD8 T cells; B cells and NK cells
in several patients have remained stable or slightly increased.
The CD4 to CD8 ratio differs among patients with AML,
with the likelihood of raising CD4 T cells. Within 2 years
of allogeneic-SCT, lymphocyte subsets were compared dur-
ing and before COVID-19 and revealed how COVID-19 is
associated with lower lymphocyte counts, particularly T cells
[3].

Lymphopenia with COVID-19 does not impair the im-
mune status in allogeneic-SCT recipients; despite lymphope-
nia, AML patients can produce IgG antibodies against
COVID-19. Because COVID-19 tests are widely available,
38 patients underwent antibody tests at a median of 37 days
after diagnosis. Sixty-six percent of the patients developed
antibodies, including 5 of 10 patients on immunosuppressive
therapy. For patients with antibodies, it is thought to be
a truly positive response if repeated tests have remained
positive 1 week later [3]. Fig. 1 shows the assessment of
lymphocyte subsets before and during recovery from
COVID-19 in allogeneic-SCT recipients [3].

ASSESSMENT OF ALLOGENEIC-SCT DURING COVID-19

SARS-COV-2 screening before allogeneic-SCT in patients
with AML should be performed. If the screening result is
negative, transplantation should be started with appropriate
precautions. However, if symptomatic patients are SARS-COV-2
positive, allogeneic-SCT should be postponed until improve-
ment of symptoms or negative PCR results (Fig. 2) [12].

In patients with high-risk malignancies, transplantation
procedures involving peripheral stem cell mobilization, bone
marrow cell gathering, T cell collection, and conditioning
regimens should be postponed for at least 14 days until the
patient is asymptomatic and has at least two successive neg-
ative PCR tests 24 hours apart (Fig. 2) [12].

In patients with SARS-CoV-2 exposure, transplantation
procedures involving peripheral stem cell mobilization, bone
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Fig. 2. Assessment of allogeneic-SCT during COVID-19 [12].

Patient

- Universal screening of all admitted patients

- Isolation of the positive cases

- Outpatient: consider telehealth for
non-essential visits

Health care staff

- Daily screening of health care workers
- Universal precautions (face mask)
- Airborne precautions (N-95) for positive cases

Hospital environmental factors

- Negative pressure rooms for positive cases
- Dedicated COVID-19 units

- Physical distancing

- Environmental cleaning

- Limit aerosol-generating procedures

Fig. 3. Infection prevention approach for bone marrow transplant units during COVID-19 [12].

marrow cell gathering, T cell collection, and conditioning
regimens should be postponed for 14 days from the date
of the last contact. Exposed patients should be closely eval-
uated for the development of symptoms, and if asymptomatic,
they should have two successive negative PCR tests 24 h
apart before proceeding with the transplant [12].

Finally, allogeneic-SCT recipients should undergo screen-
ing for SARS-CoV-2 infection by PCR for at least 3 days
before the transplantation procedures and conditioning
regimens. Allogeneic-SCT recipients should avoid un-
necessary travel, maintain appropriate hygiene, social iso-
lation, and wear a mask in public [12].

INFECTION PREVENTION FOR ALLOGENIC-SCT
RECIPIENTS DURING COVID-19

National guidelines have developed infection control

measures for COVID-19. Allogeneic-SCT recipients are spe-
cial populations that are at a high risk of developing
COVID-19. Significant efforts have been made to prevent
infection transmission, including the proper use of protective
equipment among staff, symptom screening, and early iso-
lation of symptomatic individuals [12].

Universal screening of symptomatic or exposed patients
for a known COVID-19 case should be performed. Early
isolation of symptomatic patients and screening for
SARS-CoV-2 using polymerase chain reaction (PCR) are
mandatory. Universal mask-wearing is essential in patients.
Restricted appointments and telehealth services should be
applied to outpatients. Education on COVID-19 prevention
should also be provided to patients (Fig. 3) [12].

The prevention of self-contamination while wearing
masks, disinfection of face shields between patients, and
proper use of masks/eyewear are highly recommended for
all staff. Further, all staff should perform SARS-CoV-2

Blood Res 2023;58:13-19.
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screening, and symptomatic staff should be isolated.
Asymptomatic staff tests are not recommended unless the
patient develops symptoms or is in contact with a positive
case (Fig. 3) [12].

Universal screening of symptomatic or exposed caregivers
for a known COVID-19 case should be performed. Universal
mask wearing by caregivers should be applied. Limiting the
number of visitors and prohibiting visitors aged <12 years
are very important. Caregivers should also provide education
on COVID-19 prevention [12].

Transplant units should take additional measures to pre-
vent respiratory pathogen transmission and fungal infections,
involving isolated rooms for high-risk patients and highly
effective air systems. Furthermore, clinical spaces, work-
rooms, and hospital centers are not ideal for social distanc-
ing/isolation (Fig. 3) [12].

FRESH GRAFT VERSUS CRYOPRESERVED GRAFT

Among the 1,354 AML patients, 1,080 received fresh grafts
and 274 received cryopreserved grafts. The median follow-up
period was 24 months for fresh grafts and 23 months for
cryopreserved grafts. In this study, patients have done alloge-
neic-SCT and received post-transplantation cyclophosphamide
conditioning for GVHD prophylaxis. Patients with AML in
the first or second complete remission were included in
the study. Two-year overall survival rates were 60.6% in
the fresh graft and 58.7% in the cryopreserved grafts (Fig.
4). Graft cryopreservation was not associated with a sig-
nificantly high mortality rate [13].

The incidences of neutrophil recovery were 93.8% in fresh
grafts and 93.3%, cryopreserved grafts. The median times
to neutrophil recovery was 16 and 17 days, respectively.
The incidences of platelet recovery were 88.8% and 87.7%.
The median times for platelet recovery were 24 and 26 days,
respectively. Graft cryopreservation was not associated with
delayed recovery of neutrophils or platelets [13].

The incidences of acute GVHD were 31.3% for fresh grafts
and 34% for cryopreserved grafts. The corresponding rates
of acute GVHD were 9.4% and 6.3%. The incidences of
chronic GVHD were 30.7% and 26.8%. Graft cryopreservation
is associated with a lower risk of chronic GVHD [13].

The 2-year non-relapse mortality rate was 19.0% for fresh
grafts and 22.0% for cryopreserved grafts. The corresponding
rates of relapse/progression were 30.7% and 36.3% and the
corresponding rates of disease-free survival were 50.4% and
41.7% [13].

Finally, cryopreserved grafts were not associated with a
significantly higher mortality rate. Overall survival rates
were 71.1% for fresh grafts and 70.3% for cryopreserved
grafts. There was no evidence of delayed hematopoietic re-
covery or higher rates of acute or chronic GVHD with cry-
opreservation in allogeneic-SCT recipients. In conclusion,
cryopreservation of donor allografts appears to be safe and
suitable for patients with AML during the ongoing
COVID-19 pandemic [13].

COVID-19 VACCINATION RESPONSE
POST-ALLOGENEIC-SCT

Seventy AML patients received post-transplantation cyclo-
phosphamide conditioning (PTC) after SCT. These patients
had received the COVID-19 vaccine. The antibody responses
were determined using the SARS-CoV-2 IgG EUA assay.
A cut-off level of 300 arbitrary units (AU)/mL level was
chosen, and responders were categorized into sufficient/ad-
equate responders (>300 BAU/mL) and low/non-responders
[14].

Among 70 successive AML patients, 54 received Moderna,
8 received Pfizer, 6 received both, and 2 received Astra
Zeneca. The median time between allogeneic-SCT and the
first vaccination was around 27.8 months [14].

Of those patients, 61 developed sufficient/adequate re-
sponses (titer >300 AU/mL), and 53 had vigorous responses

Fresh graft vs cryopreseved graft
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Fig. 4. Outcomes of allogeneic-SCT recipients with either fresh or cryopreserved grafts [13].

bloodresearch.or.kr

Blood Res 2023;58:13-19.



18

Reham Osama Mansour, et al.

1,400 1
1,200
1,000 T
800 T
600

400 7

Vaccinination in titer

200 A

0 ———— —

Non responders

0 100 200

300 400 500 600

Time between transplant and vaccination in days

Fig. 5. Relationship between antibody titer after COVID-19 vaccination and time after allogeneic-SCT with post-transplantation cyclophosphamide

conditioning. Vaccination titer in AU/mL [14].

(titer >1,000 AU/mL). Nine patients could not develop a
sufficient response; 2 patients were low responders (titer
0 <300 AU/mL) and 7 patients were non-responders (Fig. 5)
[14].

Of the seven non-responders, four received GVHD pro-
phylaxis (one patient received ibrutinib, one received tacroli-
mus, and two received ruxolitinib). Of those patients with
sufficient/adequate responses, 10 received tacrolimus, while
patients using ruxolitinib or ibrutinib were non-responders
[14].

Therefore, Allogeneic-SCT recipients with COVID-19
should be vaccinated. Patients with AML who obtained PTC
have a prolonged antibody reaction (>5 months) after
vaccination. Vaccination after allogeneic-SCT with tacroli-
mus resulted in adequate antibody reactions (Fig. 5) [14].

The general ECIL guidelines recommend vaccination 3
months after SCT to induce an adequate response. Therefore,
allogeneic-SCT recipients who received PTC showed a vigo-
rous immune response to the vaccine, even when received
early after SCT, while using tacrolimus [14].

CONCLUSION

COVID-19 has established barriers to timely donor evalua-
tion, cell collection, and graft transport in allogeneic-SCT
recipients. The availability of donor cells on the scheduled
infusion date is extremely difficult during this period. Thus,
patients with AML are at a higher risk of severe complications
due to their immunocompromised state. Missed diagnosis,
delay in chemotherapy, and transplantation may occur be-
cause of a lack of isolation beds and blood products during
COVID-19. Finally, this study suggests the impact of ongoing
COVID-19 on AML patients undergoing allogeneic-SCT.
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