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Abstract
Data is limited on the immunogenicity of the COVID-19 two-vaccination series among patients with hematologic malignancies
and current guidelines do not recommend routine monitoring for post-vaccine antibodies. However, we describe three patients
who developed severe or critical COVID-19 infections six months after vaccination. This highlights the importance of routine
testing of COVID-19 IgG Spike, semi-quantitative antibodies post-vaccination, particularly among immunocompromised
patients.
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Introduction

The primary goal of COVID-19 immunization is to induce the
production of SARS-CoV-2-specific neutralizing antibodies,
thereby preventing pathogen entry and resulting in protection
from infection.1 However, immunocompromised patients who
have received COVID-19 immunization may have a delayed
or inadequate antibody response. Studies have suggested
different seroconversion rates after receiving two messenger
RNA (mRNA) SARS-CoV-2 vaccines for a solid organ
transplant2,3 and allogeneic hematopoietic stem-cell transplant
recipients.4 For patients with malignancies, immunogenicity
has been described for solid malignancy patients receiving a
two-vaccination series5; however, there is a paucity of data for
individuals with hematological malignancies.6 Some obser-
vational reports suggest individuals with hematological ma-
lignancies are at higher risk compared to others.7,8 Additionally,
no definitive quantitative value for spike antibodies has been
established to define a degree of immunity or protection from
reinfection; however, a qualitative result suggests an immune
response.8 Here, we present three patients with hematologic
malignancies who developed COVID-19 infections within
six months of being fully vaccinated with available mRNA

vaccines. All patients had undetectable COVID-19 IgG
(Spike), semi-quantitative antibodies at the time of diagnosis.

Case 1. Our first patient is a 29-year-old male with CD20+ B-
cell acute lymphoblastic leukemia (ALL) diagnosed approximately
one year prior to presentation. His treatment history included
dexamethasone, rituximab and HyperCVAD with intrathecal
chemotherapy, Rituximab, and finally 6-Mercaptopurine +
Vincristine + Methotrexate + Prednisone (POMP) with every-
two-week rituximab. However, rituximab, as part of his
treatment plan, was delayed for cycle 1 (February 3, 2021) and
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cycle 2 (March 9, 2021) of his POMP/rituximab regimen in
order to receive the Spike-protein-encoding Moderna COVID-
19 mRNA vaccine series (mRNA-1273, Moderna TX, Inc) on
February 12, 2021 and March 12, 2021.

Approximately four months later, he presented to the
hospital with fevers of 102o Fahrenheit. His physical exam
was noteworthy for a body mass index of 31.33, tachycardia
with a heart rate exceeding 100bpm, a respiratory rate per-
sistently exceeding 22breaths/minute, and an oxygen saturation
of 87%. A comprehensive respiratory viral panel (RVP) was
obtained, which resulted positive for SARS-CoV-2 by poly-
merase chain reaction (PCR). Computed tomography with
angiography of the thorax revealed acute right upper and right
lower lobe pulmonary emboli with new bilateral consolidative
opacities. His laboratory analysis was significant for trans-
aminitis, markedly elevated inflammatory markers, and a
profound lymphopenia of 0.15 K/microliter.

The patient was admitted for management of COVID-19
pneumonia and pulmonary emboli. The patient was initiated
on supplemental oxygen to maintain a saturation above 92%,
dexamethasone 6 mg daily, remdesivir, and enoxaparin twice
daily. He recovered clinically 5 days later and was discharged
to complete ten full days of dexamethasone. A COVID-19 IgG
(spike), semi-quantitative antibody level, collected upon ad-
mission, returned undetectable.

However, six days post-discharge, the patient returned to the
hospital with persistent fevers, worsening dyspnea, hypoxia,
and chest discomfort. Testing was again positive for COVID-19
by PCR, and chest imaging was consistent with ongoing
pneumonia. He was re-initiated on dexamethasone at a higher
dose of 10 mg intravenously daily with supplemental oxygen.
He was also begun on cefepime and azithromycin to cover for a
superimposed bacterial pneumonia, along with high-dose mi-
cafungin for possible fungal involvement. Despite this therapy,
his oxygen requirements and inflammatory markers worsened,
and the patient received tocilizumab 800 mg intravenously on
hospital day five. Ultimately, the patient’s respiratory status
worsened, requiring invasive mechanical ventilation, on which
he is still maintained at the time of this publication. Of note, his
nucleocapsid COVID-19 IgG, obtained approximately 20 days
after his initial presentation, remained negative.

Case 2. Our second patient is a 68-year-old male with
treatment-related B-cell ALL who was treated with dexa-
methasone, vincristine, methotrexate, doxorubicin, and peg-
asparaginase, and subsequently underwent a matched unrelated
donor allogeneic stem cell transplantation in 2019. His trans-
plant course was complicated by multiple infections, graft
versus host disease (GVHD) requiring extracorporeal photo-
pheresis (ECP), tacrolimus, sirolimus, and ruxolitinib. He ul-
timately developed relapsed extramedullary ALL in the left
femur two years later, on April 15, 2021. He received the Spike-
protein-encoding Pfizer/BioNTech mRNA COVID-19 vacci-
nation series (BNT162b2,BioNTech/FosunPharma/Pfizer) in
April 2021.

In anticipation of receiving therapy in July of 2021, his
screening process revealed positive SARS-CoV-2 testing via
nasopharyngeal PCR and a negative nucleocapsid COVID-19
IgG. His vital signs and review of systems were otherwise
unremarkable. In the setting of recent vaccination, it was felt
that he had an asymptomatic infection. The decision was made
to proceed with chemotherapy, and the patient was discharged
three days later.

The patient then presented with low-grade fevers, fatigue,
and exertional dyspnea one-week post-discharge. His phys-
ical exam was noteworthy for tachycardia and hypoxia with
an oxygen saturation of 89%. A comprehensive nasopha-
ryngeal RVP was obtained and was positive for SARS-CoV-2
by PCR. Computed tomography of the chest revealed bilateral
peripherally distributed ground-glass and consolidative opac-
ities within the lower lung zones. He was admitted to the
hospital for management of his COVID-19 pneumonia. He
was initiated on dexamethasone 6 mg daily, remdesivir,
enoxaparin prophylaxis, and supplemental oxygen to main-
tain a saturation above 92%. After five days of hospitaliza-
tion, the patient improved clinically and was then discharged
with home oxygen to complete a full ten days of dexameth-
asone therapy. His COVID-19 IgG (spike), semi-quantitative
antibodies that were obtained on admission eventually returned
as undetectable.

Case 3. Patient three is a 63-year-old male with a history of
high-grade myelodysplastic syndrome, diagnosed July 22,
2019 and treated with nice cycles of a clinical trial with
magrolimab in combination with azacytidine, completed June
12, 2020, followed by matched unrelated donor allogeneic
stem cell transplantation on July 21, 2020. His transplant
course was complicated by chronic GVHD requiring predni-
sone and ECP twice weekly (last session July 29, 2021) along
with post-transplant cyclophosphamide, rapamycin, and my-
cophenolate mofetil.

After his last session of photopheresis, the patient was
hospitalized for a Cutibacterium acnes bacteremia, treated
with a planned 14 days of ceftriaxone. But two days after this
hospital discharge, the patient presented to the hospital with
ongoing fevers of 103.1oF. His physical exam was noteworthy
for tachycardia and mild hypoxia with an oxygen saturation of
94%. A comprehensive nasopharyngeal respiratory viral panel
was obtained, which was positive for SARS-CoV-2 by PCR.
Chest radiography showed a possible peribronchial wall
thickening, and hazy basilar opacities suggestive of atelectasis.
Based on the patient’s clinical presentation, he was diagnosed
with moderate COVID-19 infection and was deemed an ap-
propriate candidate for casirivimab/imdevimab infusion. With a
history of completing a mRNAvaccine series less than 6 months
prior at an external site (with unclear specific dates of the
vaccinations), COVID-19 IgG (spike), semi-quantitative anti-
bodies were obtained, and returned as undetectable three days
later. The patient has remained outpatient without subsequent
complications secondary to his COVID-19 infection.
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Discussion

Two years into the pandemic and through rigorous and un-
relenting scientific discoveries, vaccines against the SARS-
CoV-2 virus are now widely available in the United States.
The immune response and the antibodies generated against the
spike protein following natural infection lead to the virus’s
neutralization.1 Currently, all vaccine candidates are admin-
istered intramuscularly, thereby strongly inducing serum IgG
production, resulting in disease-attenuating or disease-preventing
immunity.1 The gradient of immunogenicity varies among the
different types of vaccines, with mRNA vaccines being at a
medium-range for eliciting the greatest titers of neutralizing
antibodies.1 These immune responses to vaccines, though, are
variable and suboptimal amongst the elderly and immuno-
compromised patients. Initial vaccine trials have excluded these
patients,9,10 and the knowledge behind the immunogenicity of
these life-saving vaccines amongst immunocompromised pa-
tients has only recently emerged. A recent prospective obser-
vational study byMonin and colleagues in the United Kingdom5

assessed for immunogenicity of the BNT162b2 (Pfizer-
BioNTech) vaccine in patients with solid and hematologic
malignancies. After a single dose of vaccination at approxi-
mately 21 days, 38% of patients with solid cancer and 18% of
patients with hematologic cancer developed a positive anti-
Spike IgG titer compared to 94% of healthy controls. However,
in this study, patients with cancer were also older than the
healthy controls (median age 73 vs 40.5 years). This sero-
positivity increased to 100% for patients with solid cancer and
60% at two weeks after a 21-day vaccine boost; unfortunately,
the hematology cancer cohort was underpowered for any
clinical interpretation. The vaccination schedule in the UK is a
delayed 12-week booster regardless of immunocompromising
condition. Another recent study in the UK assessed the im-
munogenicity of a single dose of either BNT162b2 or ChA-
dOx1 (AstraZeneca) vaccine among patients with chronic
lymphocytic leukemia (CLL) at 34% (n = 267) and increased to
75% (n = 55) with the second dose11 at an extended interval
regimen of 10–12 weeks. Failure to generate an antibody re-
sponse was associated with current Bruton tyrosine kinase in-
hibitor treatment and IgA deficiency. Similar findings were found
from a retrospective study of patients with other hematologic
malignancies (primarily B-cell lymphoma, plasma cell disorder,
and CLL). Patients received one of three FDA-approved vac-
cines in the US (Pfizer, Moderna, or Janssen) and had only 39%
seroconversion.12 The majority, 91%, received the mRNA
vaccine. Factors associatedwith lower seroconversion qualitative
assay were exposure to B-cell/plasma cell-deleting monoclonal
antibodies (risk difference 31%), active malignant disease (27%
vs in remission after treatment 49% vs watchful waiting in 67%),
and vaccination within 12 months of chemotherapy (24% if
vaccinated within 12 months of therapy vs 69% in those vac-
cinated at longer than 12 months after last therapy).

None of our patients with hematologic cancer and intensive
chemotherapy had qualitative evidence of immunity post

mRNA vaccination. However, with inadequate responses to
the current schedule of SARS-CoV-2 vaccines and a high risk
of developing moderate to severe COVID-19 disease, the
additional booster dose of the vaccine recently approved by
the CDC seems promising. This recommendation comes from
recent studies supporting seroconversion among solid-organ
transplant patients who did not respond to standard two-dose
regimens of vaccine.8,13 More studies are expected soon to
examine the immunogenicity among immunocompromised
patients after a booster dose, via both qualitative and quan-
titative antibody responses. Until then, it is prudent to check
for anti-Spike IgG levels in these patients with hematologic
malignancies.
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