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CHRONIC MYELOPROLIFERATIVE NEOPLASMS

Serum antibody response in patients with philadelphia-
chromosome positive or negative myeloproliferative
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TO THE EDITOR:
Vaccination against severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), particularly spike protein messenger RNA
(mRNA) vaccines, to date have yielded a high degree of efficacy
against symptomatic infection and severe Covid-19 [1, 2]. How-
ever, outcomes of patients with active hematologic malignancies
are not well described, and remain a significant concern given
data demonstrating poorer outcomes in sub-groups of these
patients who become infected [3]; for example, a recent study of
patients with chronic lymphocytic leukemia (CLL) demonstrated
reduced antibody seroprevalence after vaccination in patients on
active therapy with Burton Tyrosine Kinase (BTK) inhibitors [4].
These observations prompted us to evaluate post-vaccination
antibody response in patients with Philadelphia-chromosome
positive and negative Myeloproliferative Neoplasms (MPNs),
including untreated patients and patients on active therapy.
We evaluated antibody response in 74 consecutive patients with

MPNs subsequent to two doses of the mRNA BNT162b2 (Pfizer) or
mRNA-1273 (Moderna) vaccines, as per the U.S. Food and Drug
Administration Emergency Use Authorization (EUA). We included
patients with chronic myeloid leukemia (CML), essential thrombo-
cythemia (ET), polycythemia vera (PV), myelofibrosis (MF), or blast-
phase MPN (MPN-BP). Serology testing was performed as part of
routine clinical practice using the AdviseDx SARS-CoV-2 IgG II
reagent assay (Abbott Diagnostics). A result was considered positive
with ≥50 AU/mL. The study was approved by the Institutional
Review Board of Memorial Sloan Kettering Cancer Center.
Data were collected from a period spanning from April 2021 to

September 2021, from 74 patients in total. The cohort consisted of
22 patients with CML, 14 patients with ET, 14 patients with PV, 22
patients with MF, and 2 patients with MPN-BP (both transformed
from prior post-ET Myelofibrosis). The median age of included
subjects was 68.2 years. Eighteen CML patients were receiving
active treatment with ABL kinase inhibitors, including dasatinib

(7/22), imatinib (5/22), bosutinib (2/22), ponatinib (1/22), nilotinib
(2/22) and combination nilotinib and ruxolitinib (on clinical trial,
1/22). Four CML patients were being observed on treatment-free
remission (4/22). Amongst ET patients, 5/14 were not receiving
active cytoreductive therapy (once daily aspirin only); 5/14 were
receiving hydroxyurea, and 4/14 were receiving pegylated
interferon. Therapeutic phlebotomy and aspirin only were utilized
in 6/14 PV patients, hydroxyurea in 6/14, pegylated interferon in
1/14 and ruxolitinib in 1/14. Amongst MF patients, 11/22 were on
no active treatment, 8/22 were being treated with the JAK1/2
inhibitor ruxolitinib, 2/22 were receiving treatment with an
investigational regimen (ruxolitinib combined with a BET inhibitor
or a single agent TGF-β inhibitor), and 1 /22 patients was receiving
hydroxyurea. No patients studied had a clinical history of Covid-19
infection. All patients in the cohort studied received either the
BNT162b2 or mRNA-1273 vaccines. The median time from last
dose of vaccination to measurement of serum antibody response
was 100 days.
Antibody seropositivity was observed in all disease categories

with no statistical differences between disease types (Fig. 1A).
Amongst patients with CML, no differences were noted in spike
protein antibody levels between ABL kinase inhibitors utilized
(Fig. 1B). In the ET cohort, no statistical differences were noted
between treatment subgroups. Notably, however, spike protein
antibody levels trended higher in the pegylated interferon treated
patients (mean 4151.15 AU/mL) than in patients treated with
hydroxyurea (mean 2368.62) or patients on aspirin only (2447.52;
Fig. 1C). No differences were noted in spike protein antibody
levels between cytoreduced and non-cytoreduced PV patients
(Fig. 1D). In the MF cohort, nominally lower levels of spike protein
antibody were noted when comparing patients on ruxolitinib
(mean 603.1) versus patients on observation (mean 6353.29;
Fig. 1E), although this difference also did not meet statistical
significance.
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In seven patients, serial assessment of spike protein antibody
levels over time was available. In 6/7 cases we observed a
reduction in antibody level from the time of initial assessment,
with mean level of decrease of 67% (Fig. 1F) at a medium of
6 months from completion of their initial vaccination series.

We also assessed the response to administration of a 3rd dose of
the mRNA vaccines (booster dose) in 13 patients, who received a
booster dose at a medium of 6.8 months from completion of their
initial vaccination series. A median level of increase in the spike
protein antibody level of 200% was observed in this cohort (Fig. 1G).

Fig. 1 Spike protein antibody level. A Spike protein antibody levels across all disease types studied. Spike protein antibody levels by
cytoreductive therapy in CML patients (B) ET patients (C) PV patients (D) and MF patients (E). Serial spike protein antibody levels (F). Effect of
booster vaccination (G).
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Of all patients studied, three patients were identified who
lacked measurable antibody response to vaccination (defined as
level less than 50 AU/mL), one with CML on ponatinib, one with PV
on ruxolitinib, and one with MPN-BP on ruxolitinib.
To date, limited data have been published with regards to

outcomes of MPN patients diagnosed with Covid-19. One study
demonstrated mortality of 28.6% in MPN patients diagnosed with
Covid-19 at a median time of 9.5 days after diagnosis [5]. Mortality
was highest in patients with MF (48%) and linked to discontinua-
tion of ruxolitinib. Longer-term follow-up of MPN patients with
Covid-19 infection has demonstrated that 40% of patients
experience fatal and non-fatal events in the 6 months after initial
infection [6]. Thus, preventing Covid-19 infection, particularly
severe infection requiring hospitalization, is of great importance in
patients with MPNs.
A prior study has examined seropositivity in patients with MPNs

and MDS inoculated with ChAdOx1 nCoV-19 vaccine (AztraZeneca-
Oxford) or a single dose of the BNT162b2 vaccine, which
demonstrated that seroconversion in MPN and MDS patients was
significantly lower when compared to health care worker controls
(58% versus 97%) [7]. By contrast, our study focused on patients
who received full (two doses) mRNA based vaccination as outlined
by the EUA. The overwhelming majority of patients studied (71/74)
developed measurable spike protein antibodies. While two patients
who did not convert to seropositive were both treated with
ruxolitinib, in both cases, there are potential confounding variables;
one patient had previously received a PI3K delta inhibitor in addition
to ruxolitinib, and the other patient had repeated systemic steroid
exposure for treatment of sinusitis. While a trend toward lower
spike-protein antibody levels was noted in MF patients on ruxolitinib
in our cohort, overall seven of nine patients on ruxolitinib did
develop detectable spike protein antibodies.
Limitations of our study include a relatively limited patient

cohort, restricting our ability to determine potential distinct
differences between MPN-directed treatments within each disease
subgroup in regard to vaccination response.
We conclude that two doses of SARS-CoV-2 spike protein

messenger RNA (mRNA) vaccine results in a high rate of
seroconversion in MPN patients, including those treated with
cytoreductive therapies. Additional analyses of patients in our
cohort revealed that while antibody levels appear to decrease over
time, a booster (3rd) dose of these vaccines was able to increase
antibody levels in the majority. The degree of protection against
Covid-19 afforded by the noted levels of antibody response remains
unclear in this and other populations. Further studies of larger
numbers of patients over an extended follow-up period are needed
to determine the clinical impacts of seroconversion.
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