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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), secondary to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has become
a worldwide pandemic, presenting unprecedented challenges to
health-care providers and systems.! The immunopathogenesis of
COVID-19 is intriguing as it involves virus-driven tissue damage
intertwined with an uncontrolled inflammatory response, contrib-
uting to severity of disease, acute respiratory distress syndrome
(ARDS), and multiple organ failure.? Hematopoietic cell transplant
(HCT) recipients are severely immunocompromised, with increased
risk of severe COVID-19 secondary to the myeloablative condition-
ing regimens, organ damage, and possible immune recovery leading
to an exuberant inflammatory reaction. A comprehensive approach
to manage HCT recipients with COVID-19 at different stages after
HCT (pre-engraftment, early and late post-engraftment) is lacking
in terms of the potential role of early or pre-emptive antiviral use

and/or immunomodulators that may improve clinical outcomes. In

Severe acute respiratory syndrome coronavirus 2 can lead to life-threatening corona-
virus disease 2019 (COVID-19) infections in patients with hematologic malignancies,
particularly among hematopoietic cell transplant (HCT) recipients. We describe two
patients with COVID-19 during the pre-engraftment period after HCT and review
previous reports of COVID-19 in HCT recipients. Because of significant mortality
from COVID-19, primarily after allogeneic HCT, early, preemptive, and optimal di-
rected therapy may improve outcomes and reduce the mortality rate but still needs

to be established in clinical trials.
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this brief report, we present two patients with COVID-19 pneumo-
nia that occurred during the pre-engraftment period after HCT at
our comprehensive cancer center. Additionally, we review the pre-
viously reported cases of COVID-19 in adults HCT recipients until

December 31st, 2020, for whom sufficient data were available.® ™%

1.1 | Casel

A 61-year-old man with multiple myeloma had an autologous
HCT after a conditioning regimen consisting of busulfan and
melphalan. On admission, the patient was asymptomatic, and a
nasopharyngeal (NP) swab yielded negative real-time reverse-
transcription polymerase chain reaction (rRT-PCR) results for
SARS-CoV-2. On day +3 post-HCT and as part of an investiga-
tion of an employees’ cluster of cases, the patient, still asympto-
matic, had a NP swab that was positive for COVID-19. Computed
tomography (CT) of the chest on day +4 showed no evidence of
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pneumonia (Figure 1A). On day +7, the patient had fevers up to
102°F (38.8°C) and diarrhea that prompted initiation of empiric
antibiotics for febrile neutropenia. Further diagnostic workup,
including blood cultures, was negative for infectious causes.
Repeat chest CT on day +8 revealed new ground-glass opaci-
ties (GGOs) suggestive of COVID-19 pneumonia (Figure 1B).
Although the patient had persistent fever and positive lung ab-
normalities, he was not short of breath or hypoxic and did not
qualify for remdesivir therapy. He received one dose of tocili-
zumab (400 mg) on day +10 and a 4-day course of dexameth-
asone (8 mg daily) starting on day +11 during engraftment for
concerns of exuberant inflammatory reaction and engraftment
syndrome that could lead to respiratory failure. The patient had
a satisfactory clinical recovery with no further complications and
was discharged home in stable condition on day +14 after HCT.
The salient laboratory studies and clinical course are summarized
in Figure 2 (top panel).

1.2 | Case2

A 69-year-old man with chronic lymphocytic leukemia underwent
an allogeneic HCT with a reduced-intensity conditioning regimen
(fludarabine and melphalan) and received post-transplant cyclo-
phosphamide for graft-versus-host disease (GvHD) prophylaxis. On
admission, the patient was asymptomatic and a NP swab yielded
negative rRT-PCR results for SARS-CoV-2. On day +11 after HCT,
he developed fever associated with non-productive cough that
prompted further diagnostic workup, which included blood cultures
that showed Enterococcus faecalis bacteremia, which was likely sec-

ondary to mucosal-related bloodstream infection and was treated

FIGURE 1 Chestimaging for the

two cases. (A, B) Case 1. Panel A: CT
scan obtained within 24h of COVID-19
diagnosis showed no evidence of
pneumonia. Panel B: CT scan at day+8
after HCT revealed new nodular
ground-glass opacities in the mid and
lower lungs. (C-F) Case 2. Panel C: Plain
X-ray at day+11 post HCT showed a
clear lung field. Panel D: CT scan at

day + 13 after HCT showed bilateral
ground-glass opacities with a peripheral
predominance with focal scattered
regions of consolidation. Panel E: X-ray
at the time of engraftment showed
bilateral patchy multifocal interstitial and
airspace opacities. Panel F: X-ray at day +
19 after HCT with endotracheal tube in
place showed progressive multilobar lung
opacity

with vancomycin. A plain X-ray of the chest showed no evidence
of pneumonia (Figure 1C). However, in light of persistent fever
after 48h of appropriate antibacterial therapy, new onset of cough,
and given the concern for a nosocomial acquisition of SARS-CoV 2
infection in the setting of a cluster of employees diagnosed with
COVID-19 in the same location, a repeated NP swab on day +13,
yielded a positive rRT-PCR results for SARS-CoV-2. A CT scan of
the chest showed new bilateral GGOs (Figure 1D). The patient re-
quired oxygen supplementation and received convalescent plasma,
two doses of tocilizumab (400 mg) on days +16 and +17, methyl-
prednisolone (1 mg/kg) started on day +16, anakinra (100 mg daily)
started on day +18, and a 5-day course of remdesivir started on day
+19 (day +6 after COVID-19 diagnosis, when it became available at
our institution). At day +15 when the patient started engrafting, he
required a rapid increase in oxygen supplementation and showed
increased bilateral pulmonary opacities (Figure 1E) that led to en-
dotracheal intubation on day +19 and mechanical ventilation. The
patient continued worsening and had a severe clinical course and
ARDS (Figure 1F), with no improvement. Three weeks after onset
of illness and despite full supportive treatment, the patient died.
The patient's laboratory studies and clinical course are outlined in
Figure 2 (bottom panel).

2 | DISCUSSION

Severe COVID-19 infection has been reported among patients with
underlying medical comorbidities such as cardiovascular diseases,
hypertension, diabetes mellitus, or cancer and in the elderly peo-
ple.**1> The spectrum of infection among those with hematologic

malignancies and particularly patients who have undergone HCT
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FIGURE 2 Oxygen requirement, temperature curve, inflammatory markers, cell counts, and clinical course from time of transplant for
patient 1 (top panel) and patient 2 (bottom panel). ALC: absolute lymphocyte count; CRP: C-reactive protein; FiO2: fraction of inspired
oxygen; IL-6: interleukin-6; Toci: tocilizumab; Tmax: temperature maximum in Celsius; WBC: white blood cell count

is not well described, and such patients are likely at greater risk of
morbidity and mortality from COVID-19, underscoring the need for
effective preventive and therapeutic strategies. To date, there is a
paucity of data on the impact of COVID-19 on HCT recipients, and
the reported cases have mainly described patients who developed
COVID-19 after engraftment.®*3

Overall, 276 HCT recipients with COVID-19 have been re-
ported in the medical literature (Table 1). Of these, 171 (62%) were
men and 105 (38%) women. The median age was 57 y [interquartile
(IQR), 54-61]. The median elapsed time from HCT to COVID-19 di-
agnosis was 309 d (IQR, 140-506). Of the 276 patients, 157 (57%)
and 119 (43%) received an allogeneic HCT and an autologous HCT,
respectively. Of the 157 allogeneic HCT recipients, 135 (86%) were
on immunosuppressant drugs for chronic or acute GvHD at the
time of COVID-19 diagnosis. Seventy-four of 276 patients (27%)
had severe COVID-19 pneumonia and progressed to respiratory
failure and ARDS. Overall mortality rate from COVID-19-related

complications occurred in 48 (17%) patients. Of these, 30 (62%)
and 18 (37%) patients had received an allogeneic and an autologous
HCT, respectively.

To date, the only COVID-19 case reported in the pre-engraftment
period was diagnosed at day +6 post HCT, and a detailed descrip-
tion of the clinical course during the engraftment phase was not
provided.* Our two cases illustrate the impact of COVID-19 on
HCT recipients during the pre-engraftment period and at the time
of immune reconstitution. Although our autologous HCT recipient
(Case 1) recovered without antiviral therapy, he received one dose
of tocilizumab and a 4-day course of dexamethasone at the time
of engraftment to abrogate the potential cytokine release and en-
graftment syndrome. Our allogeneic HCT recipient (Case 2) devel-
oped severe COVID-19 pneumonia and respiratory failure despite
antiviral and immunomodulatory medications and corticosteroids.
Of importance, there are similarities in immune recovery after al-

logeneic and autologous HCT; the timing of immune recovery can
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TABLE 1 Characteristics of COVID-19 infections among hematopoietic cell transplantation recipients

No.of Maedian

Ref. Month/Year Pts. age, yr Gender Type of Cancer Medical Comorbidities Type of HCT
3 June/2020 1 47 M AITL None Allo/MUD
4 July/2020 7 61 F (5), AML (3), MDS (1), HTN (1), obesity (2), Allo (6) [MUD (4), Haplo (2)];
M (2) MF (1), DM (1) Auto (1)
B-ALL (1), HL (1)
5 July/2020 1 59 M MF DM Allo/MRD
6 June/2020 2 60 F (1), B-ALL (1), CAD + HTN + COPD + Allo (2) [Haplo (1),
M (1) AML (1) obesity (1) MUD (1)]
7 May/2020 7 61 F(2,M(5) MM(5), HTN (2); DM + HTN + obesity  Auto (5), Allo (2)
ALL (1), DLBCL (1) (2);
CM (1); HTN + stroke (1)
8 Aug/2020 34 57 F(12), AL (16), Obesity (11), Auto (14);
M (22) MM (9), Lym (6), smoking (20), HTN (15), DM Allo (20)
others (3) (13)
9 Aug/2020 2 57 F(2) CML (1), AML (1) HTN (2) Allo (2) [MRD (1), MUD (1)]
10 Dec/2020 72 62 M (46) MM (28), 12 Allo (35) [ MRD (9), MUD (8),
F (26) NHL (15), 2+° MisMUD (7), UCB (7),
A/CL(19), Haplo (4)];
MDS (4), Auto (37)
HL (4),
AL (1),
MPD (1)
11 Oct/2020 113 54 M (64) NR NR Allo (71),
F (49) Auto (42)
12 Oct/2020 32 56 M (25) MM (11), DM (7), HTN (18), CAD (5), Allo (12) [MRD (%), MUD (3)],
F(7) NHL (7), Respiratory diseases (10) Auto (20)
HL (2),
AML (5),
ALL (3),
CML (3),
AA (1)
13 Nov/2020 5 30 M (4) AA (1), NR Allo (5) [ MRD (5)]
F(1) AML (2),
ALL (2)

Abbreviation: AA: aplastic anemia; AITL: angioimmunoblastic T-cell ymphoma; AL: acute leukemia; A/C L: acute/chronic leukemia; AL: AL amyloidosis;
ALL: acute lymphoblastic leukemia; Allo: allogeneic; AML: acute myeloblastic leukemia; Ana: anakinra; ARDS: acute respiratory distress syndrome;
Aug: August; Auto: autologous; AZT: azithromycin; BEAM: carmustine + etoposide + cytarabine + melphalan; Bu/Flu/Alem: busulfan/fludarabine/
alemtuzumab; CCP: convalescent plasma; CG: corticosteroids; CLL: chronic lymphoblastic leukemia; CM: cardiomyopathy; CML: chronic myeloblastic
leukemia; CNI: calcineurin inhibitors; Cond. Reg.: conditioning regimen; COPD, chronic obstructive pulmonary disease; Cyclo: cyclosporine; Dec:
December; DLBCL: diffuse large B-cell ymphoma; DM: diabetes mellitus; dys: dyslipidemia; F: female; Haplo: haploidentical; Haplo: haploidentical;
HCQ: hydroxychloroquine; HL: Hodgkin lymphoma; HTN: arterial hypertension; ISD: immunosuppressant drugs (not specified); Lop/r: lopinavir/
ritonavir; Lym: lymphoma; M: male; MAC: myeloablative regimen; MDS: myelodysplastic syndrome; MF: myelofibrosis; MM: multiple myeloma;
MMF: mycophenolate mofetil; MPD: myeloproliferative disorder; MRD: matched related donor; mTOR: mTOR inhibitors; MUD: matched unrelated
donor; MisMUD: mismatched unrelated donor; MTX: methotrexate; N/A: not applicable; Nov: November; NR: not reported; Pt: patient; PTCy: post-
transplant cyclophosphamide; Prog: progression; Oct: October; Ref: reference; Remd: remdesivir; Rib, ribavirin; RIC: reduced intensity conditioning
regimen,; Ritu: rituximab; Rux: ruxolitinib; Tacro: tacrolimus; Toci: tocilizumab; UCB: umbilical cord blood.

3Comorbidities include hypertension, congestive heart failure, chronic obstructive pulmonary disease, diabetes mellitus, HIV, and chronic kidney disease.
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Cond. Reg./GvHD Median time Prog.

Primary Prophylaxis rRT-PCR  from HCT,days GVHD Treatment to ARDS Treatment Outcome

NR Yes 510 Rux No HCQ Alive

Non-MAC (5)/PTCy (4);  Yes (7) 98 Tacro + MMF (2); Tacro (1); Yes (2) HCQ (1) Alive (4); Dead (3)

Bu/Flu/Alem (1); BEAM CG + infliximab (1); CG (1) [Allo (2), Auto (1)]

(1)
NR Yes 379 Rux Yes Lop/r, Alive

HCQ

MAC + PCTy (1); Non- No 238 CG/Ritu (2); Yes (1) CCP(1) Alive (1),

MAC (1) [CRISPR ibritunib (1) Dead (1)

(2]
NR (7) Yes (7) NR (7) NR (2) Yes (3) Ana (1); Lop/r (1); Dead (1) [Auto]
[Allo (2)] HCQ/AZT + Toci (1)

MAC (21) Yes (34) 529 ISD (15) Yes (14) HCQ (15), Toci (6), Alive (27);

Remd (5), CCP (2), Dead (7) [Allo (5),
Lop/r (1), Ana (1), Auto (2)]
sarilumab (1), Rib (1)

MAC (2) Yes (2) 107 CG + Cyclo (1); No HCQ (2), AZT (1) Alive
MMF + Cyclo (1)

MAC (13), Yes (72) N/A CNI/MMF (9); Yes (15) HCQ (23), AZT (18), Dead (13) [ Allo (9),

Non-MAC (5), CNI/MTX (10) Methylp (13), CCP Auto (4)]

RIC (17), (11), Toci (7), Remd Alive (59)

PTCy (7) (3)

NR Yes 495 CNI (23), Yes (26) HCQ (74), Dead (18) [ Allo
MMF (4), AZT (33), (11), Auto (7)]
mTOR (8), CG(22),

CG (44) Toci (19),
Anakinra (3)
NR Yes NR Cyclo (4), Tacro (2) Yes (11) Lop/r (2), HCQ (24), Dead (5) [Allo (2),
Favipiravir (12), Auto (3)]
Oseltamivir (12)
MAC (5), PTCy (3) Yes 240 Cyclo (4) + CG (4), Yes (1) CG(1) Alive (5)

MMF (1)
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be affected by many factors, such as the source of stem cells, the
degree of human leukocyte antigen match, and the use of immu-
nosuppressant drugs, including corticosteroids, that could affect
the immune reconstitution. Recovery of the immune system oc-
curs gradually over the post-transplantation period.’® The first
immune cells to engraft are monocytes, followed by granulocytes,
platelets, and natural killer cells, which together constitute the in-
nate immunity. In contrast, adaptive immunity, consisting of B and
T lymphocytes, may take 1-2 y to full recover.!® Also, engraftment
syndrome is more prevalent among allogeneic HCT recipients and
occurs at the time of neutrophil recovery; it can be associated with
poor prognosis.”’18 It is possible that our second patient developed
a concurrent engraftment syndrome with COVID-19 pneumonia
that led to respiratory failure and ARDS. Therefore, it is crucial to
identify high-risk patients who may benefit from early preemptive
treatment strategies such as antiviral therapy. It is noteworthy that
two reported patients were receiving ruxolitinib for chronic GvHD
treatment at the time of COVID-19 infection; one patient had an
attenuated course of infection, and the other patient had ARDS but
after resuming ruxolitinib, remarkable improvement, and recovery
occurred.®” Given this observation, the role of ruxolitinib has gained
attention since it is characterized not only by immunosuppressive
activity but also by anti-inflammatory effects with the potential role
of dampening the cytokine release syndrome; importantly, a clinical
trial evaluating ruxolitinib as novel therapy for COVID-19 pneumo-
nia is ongoing (NCT04338958).1

On the other hand, a cohort study by Kuderer et al reported
a 30-day all-cause mortality of 13% in patients with cancer and
COVID-19, including patients with hematologic malignancies, which
was higher than the mortality rate reported in the general popula-
tion.?%2* However, based on our current review, the mortality ratein
HCT recipients is quite high (17%). Therefore, preventive measures
remain the best approach for reducing the burden of COVID-19 in-
fections in HCT recipients, and strict adherence to infection control
measures and increased awareness among patients, caregivers, and
health-care personnel are critical. Another important clinical aspect
to be considered is that the immune recovery during engraftment
may lead to severe COVID-19 pneumonia secondary to exuberant
inflammatory response that may require early therapy such as rem-
desivir and/or steroids before decompensation. Considering the
substantial comorbidities and mortality among cancer patients with
COVID-19, notably in HCT recipients, novel therapeutic and preven-
tive strategies are of utmost importance.
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