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Impaired response to first
SARS-CoV-2 dose vaccination
in myeloproliferative
neoplasm patients receiving
ruxolitinib

To the Editor:
Covid-19, the disease caused by pandemic SARS-CoV-2 infection, had
significant impact on patients with hematologic conditions?; a meta-
analysis involving 3377 patients with hematologic malignancies who
were affected by Covid-19 reported a mortality rate of 34%.2 A simi-
larly dismal outcome was documented among 175 patients with chronic
myeloproliferative neoplasms (MPN), collected in a European observa-
tional study, where mortality rate was 30% for the entire cohort,
reaching 48% in primary overt myelofibrosis (MF).2 Covid-19 was also
associated with higher incidence of thrombosis in patients with essen-
tial thrombocythemia (ET), compared to MF and polycythemia vera
(PV) (20% vs 5% for both, respectively).* Finally, MPN patients surviving
the acute phase may suffer from additional long-term sequelae from
Covid-19, that furtherly increase mortality and morbidity.>

The JAK1 and JAK2 inhibitor (JAKI) ruxolitinib is approved for the
treatment of patients with MF and hydroxyurea resistant/refractory
PV.° By inhibiting JAK-STAT signaling, ruxolitinib has profound
effects on different cell compartments of the immune system, includ-
ing T cells, natural killer and dendritic cells, in addition to potently
dampening inflammatory cytokine production.” These properties have
been mechanistically linked to the increased rate of infections in MPN
patients receiving ruxolitinib, and, conversely, were explored success-

fully in the setting of steroid-refractory acute graft vs host disease

following allogeneic stem cell transplantation.® In the above cited
European study in MPN, rapid discontinuation of the drug was impli-
cated in 75% of deaths occurring in the ruxolitinib-treated cohort;
these were ascribed to a previously described “discontinuation syn-
drome”, a potentially fatal complication due to a cytokine storm that
follows the abrupt suspension of ruxolitinib.”1° In fact, observational
studies support the effectiveness of ruxolitinib to quench the hyper
inflammatory reaction accompanying Covid-19 in the general popula-
tion.**2 Due to the immunomodulatory properties of ruxolitinib, the
question arises whether response to vaccination for SARS-CoV-2 in
patients under stable ruxolitinib therapy might be impaired.

We prospectively assessed serologic response following the first
injection of SARS-CoV-2 mRNA vaccine in 30 consecutive patients
with PV, ET and MF who were referred to the Center of Research and
Innovation of Mpyeloproliferative Neoplasms (CRIMM), Florence.
Patients signed an informed consent to participate in the study, that
was approved by the local Ethical Committee of Azienda Ospedaliera
Careggi, Florence. Patients were eligible if they had a diagnosis of
MPN according to the 2016 WHO criteria and all the following at the
time of study entry: no history of positivity for SARS-CoV-2 by PCR
on swab; negativity of serum anti-nucleoprotein antibodies; no clinical
suspicion of Covid-19. A cohort of 14 healthy volunteers without
prior SARS-CoV-2 infection was used as a reference group. The vac-
cines used were the Moderna and Pfizer vaccine in 25 (83%) and five
(17%) MPN patients, and 10 (71%) and four (29%) healthy controls,
respectively. Blood samples were collected before first vaccination
(TO) and right before the second dose administration (T1, day 21 for
Pifzer, day 28 for Moderna). Serologic tests for SARS-CoV-2 anti-
bodies were performed to demonstrate presence of IgG antibodies
against spike (S) protein, receptor binding domain (RBD) and neutraliz-
ing antibodies. A cut-off value of test positivity was established for
each antibody type according to manufacturer's instructions; patients
above the upper cut-off level were considered as “responders”, and
those below as “non responders”. Categorical variables were
expressed as frequency and percentage. Chi-square test was used to
compare categorical variables.

Clinical characteristics of the patients are outlined in Table S1.
There were 10, seven and 13 patients with PV, ET and MF (two and
three patients were post-PV and post-ET MF, respectively). Of these,
18 were on a stable dose of ruxolitinib since at least 3 months (ruxo-
patients), while 12 were not currently treated, nor had received
before, ruxolitinib (no-ruxo patients), including five patients under
watch-and-wait and five under hydroxyurea therapy since at least
3years. The current median dose of ruxolitinib was 20 mg daily
(range, 10-50 mg), and the median duration of ruxolitinib therapy was
7.3 years (range, 0.8-13.8 years). Figure 1 shows the levels of individ-
ual anti-SARS-CoV-2 antibodies at TO and T1. Anti-S IgG, anti-RBD
IgG and neutralizing Ab were not detected before vaccination in any
of the three groups, accordingly to predefined cut-off levels. In
general, the extent of specific antibody response after first dose vacci-
nation (T1 time point), measured as binding antibody unit (BAU)/mL
for anti-S and anti-RBD immunoglobulin, and relative index for

neutralizing antibodies (Figure 1(A)-(C)), was significantly lower in
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According to the predefined cut-off levels, all the 14 healthy volun-
teers were considered as responders to vaccination for the anti-S IgG, anti
RBD IgG and neutralizing antibodies (100% each), compared to 38.8%,
33.3% and 33.3%, respectively, for the ruxo-patients (p < 0.001 vs con-
trols for each antibody type), and 91.6% (p = not significant), 91.6%
(p = not significant) and 58.3% (p = < 0.01) in the no-ruxo group

In summary, these findings, with the limitation of the small num-
ber of subjects included, make a strong and urgent argument for an
impaired early response to SARS-CoV-2 vaccine in patients receiving
ruxolitinib. Further and future studies are needed to address whether
such unresponsive status persists after the second dose of vaccine, as
suggested by a study performed in Israel, where the rate of seroposi-
tivity (anti-S1/S2 IgG) after complete vaccination in patients with
MPN was 42% for those using JAKi.'® It will be important to address
whether also responses mediated by T-cell and other myeloid cells are
impaired by ruxolitinib treatment, owing to their key role in SARS-
CoV-2 infection.}*"1¢ Although clear-cut relationships between spe-
cific anti-SARS-CoV-2 immunoglobulin titers and protection against
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FIGURE 1 Serum levels of (A) anti-Spike IgG, (B) anti-RBD IgG,
(C) neutralizing antibodies in 18 ruxolitinib-treated MPN patients
(black diamonds), 12 no-ruxolitinib treated MPN patients (red
diamonds), 14 healthy controls (blue diamonds), before the first

(TO) or the second (T1) vaccine dose administration. Horizontal lines
represent mean values. Gray area represent cut-off value. Data in A,B
are expressed as binding antibody unit (BAU)/mL, while in C as Index.
**p < 0.01; ***p < 0.01 calculated with Mann-Whitney test.
Percentage of ruxolitinib-treated (R), no-ruxolitinib-treated (N-R)
MPN patients or healthy subjects (H) who developed antibodies D,
(anti-S IgG, anti-RBD IgG, E, or neutralizing antibodies, F,) above
(black, “responder”) or below (gray, “non-responder”) the
predetermined cut-off levels

ruxo-patients compared to healthy controls and the no-ruxo group.
The latter conversely did not differ significantly from controls,
suggesting that the potentiality to mount adequate immune
response is maintained in most MPN patients who were not
receiving ruxolitinib. In detail, mean anti-S BAU levels/ml were
111.4, 513.4 and 510.8 for ruxo, no-ruxo and controls, respec-
tively (Figure 1(A)); corresponding anti-RBD BAU levels/mL
were 65.2, 631.7 and 254.2 (Figure 1(B)); and, for neutralizing
antibodies, the mean relative index was 1.1, 3.5 and 3.8
(Figure 1(C)). All these values were statistically different when
comparing ruxo patients vs no-ruxo and controls, but not
between controls and no-ruxo patients (p values are reported in
Figure 1(A)-(C)).

the virus has not been unequivocally established in the general popu-
lation, MPN patients receiving ruxolitinib should be urged to continue
to adopt the best preventive measures against Covid-19 even after
receiving vaccination, in the light of the evidences presented herein.
Furthermore, it is also suggested that, since MPN patients not receiv-
ing ruxolitinib overall developed antibody titers that were comparable
to healthy volunteers, but a proportion of them not did actually pro-
duce neutralizing antibodies, initiation of ruxolitinib therapy in a naive
patient might be prudentially delayed after completion of vaccination,
unless urgently needed. This notwithstanding, we reinforce that
patients with MPN, as for any hematologic malignancies, should be
vaccinated, since the possibility of protection at any extent
outweighs minor risks,2 as supported also by recommendations from
the American Society of Hematology (https://www.hematology.org/
covid-19).
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Serologic response to mRNA
COVID-19 vaccination in
lymphoma patients

To the Editor:

The development of effective COVID-19 vaccines has been

essential

in slowing the spread of SARS-CoV-2. However,

unvaccinated populations as well as those who do not respond to

vaccination still remain at risk. Very few cancer patients were
included in the COVID-19 mRNA vaccine trials and any individuals
receiving chemotherapy or immunotherapy within 6 months were

excluded.! Consequently, we have an inadequate knowledge of

how well these vaccines work in the cancer patient population.

However, by extrapolation from other vaccines, we hypothesized

that patients with hematologic malignancies, especially those on
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