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1. Introduction 

Patients with Philadelphia-negative chronic myeloproliferative 
neoplasms (MPNs) are at higher risk of acquiring the severe acute res
piratory syndrome coronavirus-2 (SARS-CoV-2) and have a poor 
outcome after infection, with a mortality rate of about 30%, increasing 
to 48% in patients with Myelofibrosis (MF) [1,2]. 

COVID-19 vaccines have been readily and highly recommended in 
hematological patients [3–5]. In Italy, the BNT162b2 (Pfizer-BioNTech) 
mRNA vaccine was particularly recommended in frail individuals. 

MPN patients may have lower responses to vaccines due to reduced 
immunological competence that is related to both the hematological 
disease and the immunosuppressive and/or myelotoxic effects of the 
treatments [6,7]. Table 1 summarizes previous reports on serological 
response in MPN patients [8–13]. Also, in a recent systematic review, 
the rate of seroconversion after SARS-CoV-2 vaccine was 78% in the 
MPN cohort [14]. 

2. Methods 

To capture the humoral response over time, serologic tests for SARS- 
CoV-2 antibodies (Ab) were performed according to routine practice in 
58 consecutive MPN patients after at least 5 weeks from the second dose 
of the BNT162b2 vaccine referred for hematologic examination during 
the period from April to May 2021 (Fig. 1). Concurrently, qualitative 
anti-N antibody analysis was performed to exclude patients who had 
asymptomatic infection before serologic evaluation. 

The test quantified the IgG Ab titers against the anti-S receptor 
binding domain (RBD) by electro-chemiluminescence. The Elecsys® 
Anti-SARS-CoV-2 ECLIA assay (Roche Diagnostics AG, Rotkreuz, 
Switzerland) performed on the cobas e 801 analyzer (Roche Diagnostics) 
was used. 

The assay uses recombinant proteins representing the SARS-CoV-2 
spike (S) protein receptor binding domain (RBD) in a double-antigen 
sandwich assay format, which favors detection of late, mature and 
high affinity antibodies against SARS-CoV-2. 

The dosage units (U/mL) of the Elecsys assay are considered equal to 
the units of the WHO international standard (BAU/mL) for anti-SARS- 
CoV-2 S (RBD) antibodies. The conversion factor is 1. 

Anti-S (RBD) were negative if <0.8 BAU/mL, inconclusive if ≥ 0.8 to 
<5 BAU/mL and positive if ≥5 BAU/mL. Patients above this upper cut- 
off level were considered responders. To further characterize this cohort, 
patients with Ab titers within the first quartile (<60 BAU/mL) were 
defined “no/poorer -responders” while patients with Ab titer values 
within the last quartile (>830 BAU/mL) were defined as “better 
responders”. 

Comparisons of quantitative variables between groups of patients 
were carried out by Wilcoxon-Mann-Whitney rank-sum test or by 
Kruskal-Wallis and Dann test, as appropriate, while associations be
tween categorical variables were tested by the χ2 test. Variables 
significantly associated to antibody titers in univariate analysis were 
considered in the multivariable analysis (MVA), carried out using a lo
gistic regression model. 

3. Results 

Notably, 46% of patients experienced localized inflammation and 
13.8% of patients had transitory fatigue/headache/malaise after vac
cine inoculation. After a median of 15.4 weeks after serological evalu
ation (range, 9.6 − 17), no SARS-CoV-2 infection, no thrombotic events 
and no long-term vaccine-related adverse events have been documented 
among vaccinated patients. 

Clinical and laboratory characteristics of the study cohort are sum
marized in Supplemental Table 1. 

Median time from second vaccine inoculation and serological eval
uation was 10.6 weeks (range, 5.8–15). Median Ab titers in the cohorts 
that were evaluated after 5–10 or 10–11 or 11–15 weeks were compa
rable (519, 140, 214, respectively, p=0.06). Median time from vaccine 
to serological test was comparable across hematological neoplasms 
(10.1, 10 and 11 weeks in ET, PV, and MF patients, respectively, 
p= 0.11) and between RUX-treated (10.2 weeks) and RUX-untreated 
(10.6 weeks) patients (p=0.49). 
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Table 1 
Selected studies on humoral response against SARS-CoV-2 vaccination in MPN patients.  

study Patients MPN 
type 

Methods of Ab detection and type of 
Ab quantified 

Type of vaccine 
for MPN patients 

Therapy at the time 
of Ab detection 

Timing of Ab 
evaluation 

seroconversion 
rate 

Pimpinelli 
et al. 2021 
[8] 

n. 30 Ph-negative 
MPNs 
n. 42 Multiple 
Myeloma 
n. 20 Chronic 
Myeloid Leukemia 
n. 36 Healthy 
volunteers 

n. 11 ET 
n. 11 PV 
n. 8 MF 

chemiluminescent immunoassay for 
the quantitative determination of anti- 
S1- and anti-S2-specific IgG Ab titer 

100% BNT162b2 
mRNA (Pfizer- 
BioNTech) 

n. 6 ruxolitinib 
n. 20 hydroxyurea 
n. 2 anagrelide 
n. 2 interferon 

Day 1 
Day 21 
Day 35 

Not applicable 
52.0% (including 
CML) 
52.8% control 
88% (including 
CML) 
100% controls 

Pimpinelli 
et al. 2021 
[9] 

n. 42 Ph-negative 
MPNs 

n. 17 ET 
n. 15 PV 
n. 10 MF 

chemiluminescent immunoassay for 
the quantitative determination of anti- 
S1- and anti-S2-specific IgG Ab titer 

100% BNT162b2 
mRNA (Pfizer- 
BioNTech) 

n. 8 ruxolitinib 
n. 29 hydroxyurea 
n. 3 anagrelide 
n. 2 interferon 

Day 1 
Day 21 
Day 35 

Not applicable 
10% MF 
68.8% ET/PV 
60.0% MF 
93.8% ET/PV 

Guglielmelli 
et al. 2021 
[10] 

n. 30 Ph-negative 
MPNs 
n. 14 Healthy 
volunteers 

n. 7 ET 
n. 10 PV 
n. 13 MF 

method not specified. 
Quantitative determination of anti S- 
protein IgG Ab titer, anti-receptor 
binding domain Ab titer and 
neutralizing Ab index 

83% Spikevax 
mRNA 
(Moderna) 
17% BNT162b2 
mRNA (Pfizer- 
BioNTech) 

n. 18 ruxolitinib 
n. 5 hydroxyurea 
n. 1 anagrelide 
n. 1 interferon 
n. 5 no therapy 

Day 1 
Day 21 (Pfizer) 
or 
Day 28 
(Moderna) 

Not applicable 
Neutralizing Ab 
in 
33.3% of 
ruxolitinib 
patients 
58.3% of no- 
ruxolitinib 
patients 
100% of control 

Tzarfati et al. 
2021[11] 

n. 51 Aggressive 
NHL 
n. 40 Indolent NHL 
n. 16 Hodgkin 
Lymphoma 
n. 53 Multiple 
Myeloma 
n. 34 Chronic 
Lymphocytic 
Leukemia 
n. 15 Acute 
Leukemia 
n. 16 
Myelodysplastic 
syndromes 
n. 68 Ph-negative 
MPNs 
n. 22 Chronic 
Myeloid Leukemia 

Not 
specified 

chemiluminescence immunoassay for 
the quantitative determination of anti- 
S1- and anti-S2-specific IgG Ab titer 

100% BNT162b2 
mRNA (Pfizer- 
BioNTech) 

Not specified for 
MPN (n.12 patients 
treated with 
ruxolitinib) 

30–60 days 
after second 
dose 

84% (MPNs 
overall) 

Chowdhury 
et al. 2021 
[12] 

n. 35 Ph-negative 
MPNs 
n. 12 Chronic 
Myeloid Leukemia 
n. 13 
Myelodysplastic 
Syndrome 
n. 232 Healthy 
volunteers 

n. 17 ET 
n. 11 PV 
n. 7 MF 

chemiluminescent microparticle 
immunoassay for the determination of 
quantitative anti S-protein IgG Ab titer 
and qualitative determination of N- 
protein Ab 

37% BNT162b2 
mRNA (Pfizer- 
BioNTech) 
63% ChAdOx1 
viral vector 
(Oxford- 
AstraZeneca) 

n. 4 ruxolitinib 
n. 1 ruxolitinib +
hydroxyurea 
n. 12 hydroxyurea 
n. 1 anagrelide 
n. 8 interferon 
n. 8 no therapy 
n. 1 investigational 
BET-inhibitor 

> 14 days after 
the first dose 
of vaccine 

63% ET 
46% PV 
50% MF 
97% control 

Fiorino et al. 
2021[13] 

n. 42 Myelofibrosis 
n. 40 Healthy 
volunteers 

n. 42 MF ELISA for the quantitative 
determination of anti S-protein IgG Ab 
titer and ACE2/RBD binding inhibition 
assay to evaluate the seroconversion 
with inhibition activity 

78.6% Spikevax 
mRNA 
(Moderna) 
21.4% 
BNT162b2 
mRNA (Pfizer- 
BioNTech) 

n. 16 ruxolitinib 
n. 26 no ruxolitinib 

Pre- 
vaccination 
Day 7 after 
2nd dose 
Day 30 after 
2nd dose 

Not applicable 
98% Control 
18% Ruxo 
patients 
54% No-ruxo 
patients 
98% Control 
40% Ruxo 
patients 
54% No-ruxo 
patients 

Auteri et al., 
2022 

n. 52 Ph-negative 
MPNs 

n. 13 ET 
n. 23 PV 
n. 16 MF 

electro-chemiluminescent 
immunoassay for the quantitative 
determination of receptor binding 
domain IgG Ab titer and qualitative 
determination of N-protein IgG and 
IgM Ab 

100% BNT162b2 
mRNA (Pfizer- 
BioNTech) 

n. 22 ruxolitinib 
n. 15 hydroxyurea 
n. 2 anagrelide 
n. 6 interferon 
n. 1 busulfan 
n. 6 no therapy 

> 5 weeks 
after second 
dose 

100% ET 
100% PV 
93.7% MF 
No/poorer 
response* 
0 ET 
21.7% PV 
50% MF 

Ab = antibody, MPN = Myeloproliferative Neoplasm, ET = Essential Thrombocythemia, PV = Polycythemia Vera, MF = Myelofibrosis, CML = Chronic Myeloid 
Leukemia, NHL: non-Hodgkin lymphoma. *no/poorer response was defined as Ab titer below first quartile 
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In 6 patients, Ab anti-N were identified, indicating a previous 
asymptomatic contact with SARS-CoV-2. Among the remaining 52 pa
tients, 13 had ET, 23 PV and 16 MF (5 Primary). Median Ab titer was 
279.5 BAU/mL (range 0.6 - >2500). 

Median antibody titer was significantly associated to the type of MPN 
(Supplemental Fig. 1). It was lower in MF (median antibody titer: 
51.4 BAU/mL, range 0.6–529) compared to PV (median, 274 BAU/mL, 
range 1.7 - >2500, p<0.001) and ET (811 BAU/mL, range 184 - >2500, 
p=0.001) patients. This difference was significant also comparing ET 
and PV (p=0.03). Also, a poorer response (Ab <60 BAU/mL) was 
observed in zero, 21.7% and 50% of ET, PV, and MF patients, respec
tively (p=0.007). Accordingly, no MF patient achieved a better 
response (compared to 46.1% and 30.5% in ET and PV, respectively, 
p=0.012). 

Analyzing the three diseases singularly, no clinical-laboratory char
acteristic, including disease duration, was associated with median Ab 
titers. However, among MF patients, a higher frequency of lower 
response was observed in patients with spleen palpable > 5 cm below 

costal margin (85.7% versus 22.2% in patients with smaller spleen, 
p= 0.012). This was confirmed also evaluating only ruxolitinib-treated 
MF patients (p=0.01). In MF, Dynamic International Prognostic Score 
system (DIPSS) risk category [15] was not associated with the Ab 
response (p=0,48). 

At the time of the serological test, 18 patients (34.6%) were receiving 
cytoreductive drugs (hydroxyurea, anagrelide, busulfan), 6 patients 
(11.5%) interferon, and 22 patients (42.3%) ruxolitinib. Six patients 
were off treatment. 

Median ruxolitinib duration was 2.6 years (range, 0.4–16.8) and 
median ruxolitinib dose was 10 mg BID, with 18.2%, 63.6%, 5.6% and 
13.6% patients receiving 5, 10, 15 and 20 mg BID, respectively. The use 
of ruxolitinib was associated with significantly decreased median Ab 
titers (33.1 BAU/mL versus 396.5 BAU/mL cytoreduction, p=0.003; 
versus 733.5 BAU/mL interferon, p=0.005; versus 583.5 BAU/mL in off- 
therapy patients, p=0.007). In MF, this effect was particularly evident 
(median Ab titer 32.2 BAU/mL versus 233.5 in patients who were not 
receiving ruxolitinib, p=0.05). In PV, only a trend for lower median Ab 

Fig. 1. Patient flow diagram, Cytoreduction included hydroxyurea, anagrelide, and busulfan. Ab: antibody. Circles represent Ab response. Dark green: better 
response (4th quartile); light green: intermediate quartiles; orange: poorer response (Ab titer ≥5–60 BAU/mL); red: negative/inconclusive. 
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titers was observed (119.3 BAU/mL versus 393 BAU/mL, p= 0.09). 
Additionally, lower response was mainly observed in patients treated 
with ruxolitinib, both overall (59.1% vs 0) and singularly in the PV (50% 
vs 0) and MF cohorts (66.7% vs 0). In multivariable analysis, including 
MPN diagnosis (PV versus MF), treatment (ruxolitinib versus no rux
olitinib) and palpable spleen at time of serologic evaluation, ruxolitinib 
therapy (p=0.02) and splenomegaly (p=0.04) remained associated 
with lower Ab titers. Importantly, ruxolitinib dose did not influence the 
response, with median Ab titers of 40 and 33 BAU/mL in patients 
receiving doses of 5–10 mg BID or >10 mg BID, respectively (p= 0.86). 
Also, time on ruxolitinib (≥ 1 year or ≥ 2 years) was not associated with 
response (p=0.23 and 0.69, respectively). 

In PV and ET, interferon therapy was associated with a slightly 
higher median Ab titer compared to cytoreduction/no therapy (733 
versus 410 BAU/mL, p=0.80). 

4. Discussion 

With the limitation of the small number of subjects included, we 
observed that median Ab titers, evaluated after more than one month 
from completion of vaccine program, are significantly greater in ET, 
intermediate in PV, and lower in MF. This is consistent with serological 
evaluations performed at earlier time points and it highlights the 
immunological differences across MPNs [1]. 

We also showed how ruxolitinib therapy, even more than disease 
type, may influence a later vaccine response. This finding reinforces the 
crucial argument of an impaired early humoral response to the SARS- 
CoV-2 vaccine in patients receiving ruxolitinib, and extends this issue 
to the later response as well [10]. However, the dose and duration of 
ruxolitinib did not affect Ab titers. Therefore, it may be advisable to wait 
for vaccine administration before starting ruxolitinib, if clinically 
acceptable, but there are no data to support a dose reduction of rux
olitinib in the peri-vaccinal period, nor to avoid or hasten vaccine 
administration in ruxolitinib-treated patients. Also, palpable spleno
megaly was associated with a marked reduction in humoral response. 
This suggests, once again, how the severity of the hematological disease 
corresponds to a more critical immunologic disorder and is associated 
with vaccine humoral response. 

Notably, the rate of response in our cohort was high compared to 
previous observations [14]. Whether this finding is related to method
ological issues, or to different timings of evaluation, remains unclear. 
Our study, being observational, did not investigate cellular response 
[16]. Recently, a memory T cell response, not affected by ruxolitinib 
therapy, was observed in 80% MPN patients after the first dose of the 
BNT162b2 vaccine [17]. 

Given its observational nature, the present study has several limita
tions, including the possibility for selection bias, that may affect the 
greater-than-expected serological response in MF. Also, the evaluation 
of no-spike IgG does not entirely exclude the possibility of previous 
infection that has not seroconverted, especially for the patients on rux
olitinib [18]. 

Overall, these data highlight the correlation between lower Ab titer, 
ruxolitinib therapy, and MPN severity. A third vaccine dose must be 
administered early in patients with MF and PV, particularly those on 
ruxolitinib therapy and/or with uncontrolled splenomegaly. All patients 
should continue to take the best preventive measures against COVID-19 
even after receiving vaccination. 
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