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Abstract:

Ruxolitinib side effects include the most frequent hematological toxicity along with a more recently
evidenced immunosuppressive activity, interfering both on the innate and adaptive immunity, and several
cases of reactivation of latent infections by opportunistic agents in patients in treatment with Ruxolitinib
have been published in the last years. Several pathophysiological mechanisms may explain an association
between Ruxolitinib and opportunistic infections. For what we know, the only case of an isolated lymph node
TBC reactivation in a Ruxolitinib-treated MF patient was reported by Patil RV et al. in 2016. Other five cases
describing TBC reactivations in MF patients assuming Ruxolitinib and successfully treated with four-drug anti-

TBC therapy are available in literature to date.

The case we reported describes an isolated lymph nodal TBC reactivation in a patient with diagnosis of
postET-MF after during Ruxolitinib treatment after a long course of IFN-a2b assumed for the previous
diagnosis of ET. The case we report teaches that lymphadenopathy with or without constitutional symptoms
developing during Ruxolitinib therapy should be considered as a possible manifestation of a TBC reactivation
in patients with a previous positive TBC-exposure test. In these cases, Ziel-Nielsen testing on urine and
sputum have to be performed to rule out infectiousness and eventually isolate the patient. Moreover,
previous long-time exposition to IFN-a2b may be related with a higher risk for TBC reactivation in these
subset of patients. We encourage re-evaluation of the cohorts of patients treated with Ruxolitinib in previous
and current large prospective studies to study the possible correlation between previous exposition to IFN-

a2b and TBC reactivation.



Introduction:

Myelofibrosis (MF) is a chronic Philadelphia-negative myeloproliferative neoplasm, characterized by bone
marrow fibrosis, anemia, leukocytosis or leukopenia, thrombocytosis or thrombocytopenia, splenomegaly
mostly due to extra-medullary hematopoiesis, hepatomegaly and constitutional symptoms (fever, fatigue,
weight loss, night sweats, pruritus). MF is associated with a deregulation of JAK-STAT signaling, that confers
a proliferative and neoplastic survival phenotype. The abnormal activation of the JAK-STAT pathway often

comes from one of the three known driver genes (JAK2 V617F, MPL and CALR), frequently mutated in MF (1).

Despite the recent improvement in the knowledge of this disease and of its molecular mechanisms, the
pathogenesis remains partially obscure. At the present date, the only curative strategy remains allogenic
hematopoietic cell transplantation, which is not always an option, according to patient's and disease's
features. Alternatively, the use of cytoreductive drugs (i.e. interferon or hydroxyurea) or JAK inhibitors, like
Ruxolitinib, can improve constitutional symptoms and decrease the size of the spleen (2). Ruxolitinib is a
selective JAK-1 and JAK-2 inhibitor, approved for the treatment of intermediate-risk and high-risk MF and
high-risk Polycythemia Vera (PV) with resistance or intolerance for hydroxyurea. Its mechanism of action
involves the reduction in signal transduction and cytokine levels, including interleukin-6 (IL-6) and tumor
necrosis factor-alfa (TNF-a) (3). Ruxolitinib side effects include the most frequent hematological toxicity along
with a more recently evidenced immunosuppressive activity, interfering both on the innate and adaptive
immunity, and several cases of reactivation of latent infections by opportunistic agents in patients in
treatment with Ruxolitinib have been published in the last years. Several pathophysiological mechanisms
may explain an association between Ruxolitinib and opportunistic infections: 1- The reduction of NK cells
number and activity, due to the decrease of cytokine signals that are important for NK maturation (4); 2- The
downregulation of regulatory T-cells; 3- The quantitative reduction and impaired function of the dendritic

cells (DC), with defective costimulatory properties and decreased cytokine production (5).

DC are essential antigen-presenting cells, that control adaptive immunity producing IL-12, and thus driving
Th1l-lymphocytes activation. Thl-cells produce cytokines, such as gamma-interferon (INF-y) and TNF-a. TNF-
o stimulates the Thl cells against intracellular pathogens, IFN-y gives protective immunity against
Mycobacterium TB and INF-y-activated macrophages release bactericidal superoxides that can limit Koch

bacillus growth. Ruxolitinib may reduce this protective mechanism (6).

For what we know, the only case of an isolated lymph node TBC reactivation in a Ruxolitinib-treated MF
patient was reported by Patil RV et al. in 2016. They described the case of an axillary nodal TBC occurred
during Ruxolitinib therapy in an MF patient. Pulmonary involvement was only evaluated with an X-ray of the
chest, and Ruxolitinib was continued during anti-TBC treatment. No Ziel-Nielsen test on sputum or urine was
performed in the case reported by Patil and colleagues (7). Khalid et al. reported a case of pulmonary TBC in

a 62 years old male with primary MF, after one year of treatment with Ruxolitinib. Anti-TBC therapy was



prescribed and pulmonary TBC resolved after ten months of therapy (8). Shamil et al. reported a case of a
78-years old female with primary MF who experienced miliary TBC during Ruxolitinib treatment. Ruxolitinib
was stopped and the patient was successfully treated with a 12-months regimen of four drug anti TBC therapy
with resolution of miliary nodules (9). Hopman RK et al. reported a case of a 62 years old man with primary
MF on Ruxolitinib who developed a disseminated TBC two weeks after the beginning of therapy. The patient
was treated with quadruple anti-TBC therapy for 9 months, obtaining the improvement of his clinical

conditions (10).

Other five cases describing TBC reactivations in MF patients assuming Ruxolitinib and successfully treated

with four-drug anti-TBC therapy are available in literature to date (11-14).

Anti-TBC therapies are known for their hematological adverse events, in particular Isoniazid-induced anemia,
through the superoxides generation and the blockade of heme synthesis (15,16). Also Ruxolitinib may cause
or contribute to anemia in MF. Their association is uncommon and myotoxicity in this setting is not well

known.

We here describe the case of a patient diagnosed with post-Essential Thrombocythemia MF treated with

Ruxolitinib, who developed the reactivation of TBC infection with isolate lymph node localization.

Case Presentation:

A 38-year-old female was diagnosed with JAK2 V617F positive Essential Thrombocythemia (ET) in 2011,
according to 2008 WHO criteria. At the time of diagnosis, acetylsalicylic acid (ASA) 100 mg a day was started.
One year after, in 2012, hydroxyurea (HU) therapy was started because of a platelet (PLT) value of more than
1.5 million per deciliter, obtaining the normalization of PLT count some months after the beginning of the

drug.

HU dosage was gradually increased due to poor control of PLT value (PLT = 825,000/mmc), and in September
2015 Anagrelide was added to HU. In February 2016, due to lack of response to the double therapy and
persistence of severe thrombocytosis (PLT = 849,000 per deciliter), HU and Anagrelide were stopped and
Interferon-a (IFN-a) 3 million units subcutaneously every other day was prescribed, obtaining a discreet
control of thrombocytosis, at the cost of a flu-like syndrome and occasional headaches. However, almost
three years after the beginning of IFN-a therapy, in September 2018 the patient's clinical condition worsened
(worsening asthenia and headaches), thrombocytosis reappears and spleen becomes palpable at 6 cm from
the costal margin. For these reasons, in November 2018 IFN-a was withdrawn and the patient underwent a
new bone marrow biopsy, which revealed post-ET Myelofibrosis with grade 1 reticulin fibrosis and the patient
was diagnosed with a post-TE MF with Intermediate-1 risk according to the IPSS score. In January 2019

Ruxolitinib was prescribed at the dose of 15 mg twice a day. Serology for HBV, HCV, HIV was negative. A pre-



Ruxolitinib positive Mantoux test revealed a previous exposition to Mycobacterium Tuberculosis, with a

negative chest-RX. No TBC prophylaxis was given.

In March 2019, the patient registered a sensible improvement in headache and the objective achievement
of myeloproliferation signs, with platelet values ranging between 500000 and 600000 per microliter and
spleen reduction at manual palpation during the first two months of therapy. Some days later the last control
visit, the patient reported frequent night sweats, chills, asthenia, itchy lesions on the neck and face and a
hard and painful lateral cervical right nodule appeared. The physical exam revealed an almost unmovable
mass with a hard-parenchymal texture. A neck ultrasound was performed revealing rounded lymph nodes
with maximum diameters of 24 and 12 mm. A total body CT scan was performed revealing the known cervical
lymphadenopathies, with central colliquation, along with two sub-centimetric calcific lymph nodes at the
right lung hilum. No other lymph node enlargement at other sites or splenomegaly/hepatomegaly were
found. The patient had no fever at that time point. We then programmed lymph node excision with diagnostic
purpose in order to exclude lymphoproliferative diseases, but the patient developed fever, malaise and
severe asthenia, referred to our hospital’s emergency unit and was sent to an urgent infective disease
evaluation that indicated prompt withdrawal of Ruxolitinib and hinted a TBC reactivation. Urine and sputum
search for Koch Bacillus with Ziel-Nielsen coloration was performed and resulted negative on three
consecutive samples from both origins. Quantiferon TB gold was performed that confirmed the known

positivity to the Mantoux test.

In consideration of the clinical worsening of general malaise and fever resistant to broad spectrum
antibiotics, the patient was hospitalized in the infectious disease unit and an excisional lymph node biopsy
was performed soon after. Histopathology revealed a chronic granulomatous necrotizing tuberculous
lymphadenitis. In June 2019, the patient started four-drug anti-TBC therapy with Isoniazid 300 mg a day,
Rifampicin 600 mg a day, Pyrazinamide 500 mg a day and Ethambutol 400 mg a day for six months. Isoniazid
and Rifampicin were prescribed until November 2019 (six months), while Ethambutol and Pyrazinamide were
prescribed for two months, until July 2019. In July 2019 the therapy was continuing, achieving general clinical
improvement, the disappearance of sweats and fever, and complete resolution of lymphadenopathies
swelling, without other remarkable signs at a new total body CT scan. In September 2019, physical exam
revealed splenomegaly again and headache reappeared along with a gradual rise of the platelet count with
a zenith value of 650000/mmc. For this reason, the patient restarted Ruxolitinib to control myeloproliferation

symptoms and signs. In November 2019 Isoniazid and Rifampicin were suspended, as programmed.

Of note, during four months in which the four-drug anti-TBC therapy was assumed in the absence of the JAK
inhibitor, the patient registered no haematological toxicity and the platelet count gradually increased, while
itis usual that in active TBC platelets are higher than during TBC-treatment, probably because thrombocytosis

(that is frequently found during active TBC) is due to acute inflammation and is finalized to anti-TBC immune



response, through cytokines and chemokines release. No anaemia or leukopenia were registered during the

anti-TBC treatment, in the absence of Ruxolitinib assumption.

Otherwise, during the period of Isoniazid and Ruxolitinib co-administration, only a grade 1 anaemia was
registered, with haemoglobin values no lower than 11 grams/liter, comparable to the toxicity grade reached

by the patient during the first two months of Ruxolitinib assumption alone.

To date, the patient is still in treatment with the JAK-inhibitor, do not assume any TBC prophylaxis and has

not registered any other infective adverse event.

Discussion and conclusions:

The case we reported describes an isolated lymph nodal TBC reactivation in a patient with diagnosis of
postET-MF after almost 2 months of Ruxolitinib assumption, administered after a long course of IFN-a2b

treatment for the previous diagnosis of ET.

The immunosuppression due to the use of Ruxolitinib plays an important role in the development of
opportunistic infections or in the reactivation of latent infections. Several cases of TBC reactivation during
Ruxolitinib therapy in patients with MF have been reported in literature (6-12). According to the references
reported, the time of administration of Ruxolitinib before TBC reactivation ranges between 3 weeks and 22
months (17). M. tuberculosis can be found in latent state granulomas in a moderate to high percentage of
individuals worldwide; however, the use of some immunosuppressive drugs and in particular of JAK inhibitors

can reactivate a latent TBC infection (18).

It is widely known that TBC infection triggers the activation of alveolar macrophages responding with the
production of a precise pattern of cytokines (IL-12, IFN-§, IL-1, IL-6, IL-5, IL-12, IL-18) which limit the growth
of the bacillus. The risk of TBC infection may increase with Ruxolitinib therapy, that downregulates these
cytokines expression and makes this protective mechanism fail (6). IFN-a belongs to the group of the | class
IFNs, that have an ambiguous role in the defense against TBC infection (19). Episodes of TBC reactivation

during IFN-a therapy for HCV are widely described in literature (20,21).

Concerning the previous treatment with IFN-a2b assumed by the patient, we highlight the possibility that
after long time assumption of this drug there has been a decrease in anti-TBC innate activity, but this remains

only a hypothesis that cannot be confirmed.

The case we report teaches that lymphadenopathy with or without constitutional symptoms developing
during Ruxolitinib therapy should be considered as a possible manifestation of a TBC reactivation in patients
with a previous positive Mantoux test or Quantiferon TB test. A Mantoux skin test or a QuantiFERON TB
serum test is strongly recommended before the start of a JAK inhibitor therapy. When suspecting a TBC

infection or reactivation, even if presenting with isolated lymphadenopathy, Ziel-Nielsen testing on urine and



sputum have to be performed to rule out infectiousness and eventually isolate the patient. Moreover,
previous long-time exposition to IFN-a2b may be related with a higher risk for TBC reactivation in these
subset of patients. We encourage re-evaluation of the cohorts of patients treated with Ruxolitinib in previous
and current large prospective studies to study the possible correlation between previous exposition to IFN-

a2b and TBC reactivation.
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