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Summary

Ruxolitinib has proved to be effective for the treatment of

patients with myelofibrosis (either primary or secondary)

and polycythaemia vera, and its approval led to a significant

change in the current treatment algorithm. Despite its effi-

cacy and beyond its well described haematological toxicity, a

peculiar immunosuppressive effect emerged as our clinical

experience grew, both within and outside of a clinical trial

setting. Definite and negative interactions with multiple path-

ways of the immune system of patients have been reported

so far, involving both adaptive and innate immune

responses. These pathophysiological mechanisms may con-

tribute to the increased risk of reactivation of silent infec-

tions (e.g., tuberculosis, hepatitis B virus and varicella zoster

virus) that have been associated with the drug. Even though

such infectious events may be fatal or may lead to significant

impairment of organ function, compromising the eligibility

of patients for an allotransplant procedure, there are no ded-

icated guidelines that may help us in assessing and managing

the risk of developing serious infections. On this basis, our

aim for the present work was to review the current knowl-

edge on the pathophysiological mechanisms through which

ruxolitinib may exert its immunosuppressive effect, and to

illustrate our personal approach to the management of three

peculiar clinical scenarios, for which a risk-based algorithm

is suggested.
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Philadelphia chromosome-negative myeloproliferative neo-

plasms (MPNs) are a group of clonal haematopoietic disor-

ders that share a common pathophysiological ground, i.e.,

the deregulation of JAK-STAT signalling, with the subsequent

promotion of a proliferative and pro-survival phenotype

(Vainchenker & Kralovics, 2017). This biochemical pathway

is deeply involved in haematopoiesis as well as in the devel-

opment and functioning of the immune system (Yamaoka

et al, 2004; Ghoreschi et al, 2009), as highlighted by the sev-

ere combined immunodeficiency syndrome associated with

JAK3 deficiency of (Macchi et al, 1995). Indeed, MPNs are

associated with a hyperinflammatory state and deregulation

of immune homeostasis (Lussana & Rambaldi, 2017), and

infections are known to be one of the leading causes of mor-

bidity and mortality in MPN. Both a higher risk of events,

either bacterial or viral, and an increased risk of death due

to infections have been reported in two large Swedish popu-

lation-based studies (Hultcrantz et al., 2015a,2015b).

The discovery of the hyperactivity of the JAK-STAT path-

way in MPN, as a consequence of one of the three driver

mutations (JAK2 V617F, MPL W515K/L, CALR exon 9

indels), paved the way to the design and subsequent rapid

development of JAK inhibitor drugs, one of which, ruxoli-

tinib, entered routine clinical practice in 2011 in the United

States and 2015 in Europe. Ruxolitinib works as a type 1

inhibitor for JAK1 and JAK2 proteins, binding to their kinase

domains, and targeting both mutated and wild-type JAK

(Hobbs et al, 2017).

As clinical experience with the use of ruxolitinib increased,

both within and outside of a clinical trial setting, the pro-

spect of a drug-induced, impaired immunosurveillance

emerged, suggested by an increased risk of infectious compli-

cations and several reports of events that sometimes were

atypical in terms of aetiology and clinical presentation

(Lussana et al, 2017; Dioverti et al, 2018; Polverelli et al,

2018).

Immunological consequences of JAK inhibition

Recent research has focused on deciphering the complex and

context-dependent changes that contribute to this immune

deregulation, given that MPNs are, themselves, characterized

by several immune abnormalities and autoimmunity, and,

more broadly, that inflammation may likely play a role in

MPN pathogenesis (Barosi, 2014). Indeed, MPNs often

co-occur and share common inflammatory pathways with
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autoimmune diseases, and some clinical experiences suggest

that autoimmune disorders may even predispose to MPN

(Anderson et al, 2009; Kristinsson et al, 2010).

Although these data need to be interpreted with caution,

becuase they come from single studies on relatively small and

heterogeneous cohorts, MPN patients showed an expanded

(Thiele et al, 1999) and overactivated (Rameshwar et al,

2000) monocytic/macrophagic compartment, a significant

elevation of myeloid-derived suppressor cells, which nega-

tively interfere with immunosurveillance (Wang et al, 2016),

and a reduction in total lymphocytes counts, though cyto-

toxic T lymphocytes were greatly increased (Cervantes et al,

2000). Data regarding regulatory T cells (Tregs), which are

probably involved in both tumour immune surveillance and

anti-infective response, are discordant (Zhao et al, 2008;

Keohane et al, 2015), while mature natural killer (NK) cells

have been reported to be functionally defective, with

impaired degranulation and killing capacity (Sch€onberg et al,

2015).

JAK inhibitors have been reported to have several pleio-

tropic influences on both the innate and the adaptive com-

partment of the immune system, thus delineating the

biological ground for the increased incidence of treatment-

emergent infections. In detail, ruxolitinib-treated patients

showed a clear reduction in circulating, NK cells, probably

because the drug interferes with cytokine signals that are cru-

cial for NK terminal maturation [e.g., interleukin (IL) 2 and

IL15]. Notably, NK cell deficiency was even more pro-

nounced in those who developed relevant infections

(Sch€onberg et al, 2015). Dendritic cells, which have a crucial

role as antigen-presenting cells in inducing antigen-specific

T-cell responses, are quantitatively reduced and functionally

impaired after ruxolitinib exposure, showing defective cos-

timulatory properties, decreased cytokine production and

altered migration (Heine et al, 2013). The latter is actually

due to an off-target, JAK1/JAK2-independent, inhibitory

effect on two kinases, namely the Rho-associated coiled-coil

kinases 1 and 2 (ROCK1 and ROCK2), which control actin

cytoskeleton remodelling and cellular adhesion, migration

and trafficking (Rudolph et al, 2016). Moreover, in vitro

exposure to ruxolitinib almost completely blocked differenti-

ation of monocytes into dendritic cells (Heine et al, 2013).

In the original phase I/II clinical trial (Verstovsek et al,

2010), patients showed a significant expansion of non-classi-

cal monocytes that correlated with clinical response, and this

change was particularly evident during the first years of ther-

apy (Prijic et al, 2015). In addition, recent findings suggest

that the drug might impair monocytic superoxide radical for-

mation (Bjorn et al., 2019).

Regarding T lymphocytes, two studies confirmed a rapid,

ruxolitinib-induced downregulation of secretion of inflam-

matory cytokines by CD4+ cells, both in vitro and in vivo

(Keohane et al, 2015; Parampalli Yajnanarayana et al, 2015)

and a significant reduction of Tregs, which control autoreac-

tive lymphocytes and regulate both innate and adaptive

immune responses. Notably, in the few patients that had

dose reduction or discontinued the drug, Treg levels did not

completely recover after up to 8 months off-therapy (Massa

et al, 2014).

Finally, even though the consequences of JAK inhibitor

therapy on B lymphocytes are unclear, their physiological

development and activity rely on a complex interaction with

other subsets of immune cells, including T lymphocytes and

dendritic cells. Therefore, even though the net effect of rux-

olitinib on adaptive antibody responses cannot be accurately

predicted, their important role in mounting an effective

immune response should be kept in mind.

Taken together, all of these data on the immunological

consequences of JAK inhibitor drugs give a biological expla-

nation for their successful use in a wide range of immune-

mediated diseases, ranging from acute and chronic graft-ver-

sus-host disease (Spoerl et al, 2014; Zeiser et al, 2015; Modi

et al, 2019), to life-threatening syndromes, such as

haemophagocytic lymphohistiocytosis (Das et al, 2016;

Maschalidi et al, 2016; Broglie et al, 2017; Sin & Zangardi,

2017).

Dealing with the risk of infection

Recently, the European Conference on Infections in Leukae-

mia (ECIL) (Maschmeyer et al, 2019) and the European

Society of Clinical Microbiology and Infectious Diseases

(ESCMID) Study Group for Infections in Compromised

Hosts (ESGICH) (Reinwald et al, 2018) reviewed the safety

profile of a wide range of targeted agents and immunothera-

peutic drugs, including ruxolitinib; both papers provided a

critical state-of-the-art on infectious complications associated

with their use, and suggested some preventive recommenda-

tions. As with many other new targeted and/or

immunomodulating drugs that are currently in use for the

treatment of haematological malignancies, it is now well

established that clinicians need to be aware and vigilant of

the risk of infections, and need to be especially proactive in

treating any episodes. Moreover, a focused screening is

mandatory, to be performed at baseline.

However, there are still a few uncertainties that need to be

addressed. Given that the immunosuppression linked to rux-

olitinib is expected to be durable, clinicians have to face the

decision of (i) when it is appropriate to use a long-term, sec-

ondary prophylaxis for varicella zoster virus (VZV), and (ii)

how to address the risk of hepatitis B virus (HBV) reactiva-

tion, with prophylaxis or pre-emptive intervention, ideally

following a risk-adapted approach and, finally, (iii) how to

effectively screen for latent tubercular infection.

The present work illustrates our personal approach, dis-

cussing three clinical scenarios that may be faced by those

who care for patients with MPN in their daily clinical prac-

tice, with the aim of incorporating some risk-adapted consid-

erations and taking into account very recent, prospective

data on HBV reactivation in this setting (Gill et al, 2019).
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However, we recognize its limitations, as we cannot give

solid or evidence-based management recommendations,

because the following discussion is based on our clinical

expertise and judgment, and on a critical discussion of litera-

ture data and guidelines dedicated to immunocompromised

patients.

Though their frequency is not negligible, we chose not to

include urinary and respiratory tract infections, because their

management should follow local and institutional guidelines,

regardless of JAK inhibitor treatment; accordingly, we strictly

adhere to the recommendations regarding seasonal flu vacci-

nation, which we offer to all myelofibrosis (MF) patients

treated with ruxolitinib, regardless of age, and pneumococcal

vaccination for those older than 65 years. Furthermore, we

encourage discussion with infectious disease specialists

regarding meningococcal vaccination, which is generally rec-

ommended for patients who are candidates for immunosup-

pressive or antineoplastic treatments.

Clinical scenario 1, VZV reactivation

A 67-year-old woman was diagnosed with International Prog-

nostic Score System (IPSS) intermediate-2 primary myelofibro-

sis (PMF) in October 2016; she complained of drenching night

sweats and abdominal discomfort due to severe splenomegaly

that was palpable 16 cm below the left costal margin. At base-

line, she did not report any previous zoster episode, her serologi-

cal profile for human immunodeficiency virus (HIV), HBV and

hepatitis C virus (HCV) was negative, and there were no signs

of latent tubercular infection. She was, therefore, eligible for

symptomatic treatment with ruxolitinib, which was started in a

few weeks. She rapidly experienced an almost complete resolu-

tion of her symptoms, and obtained a spleen response, with

more than 50% reduction in palpatory splenomegaly after the

first 6 weeks of treatment. In February 2017, after about

3 months of ruxolitinib, she called us because she was really

concerned about a new onset of a tingling and burning sensa-

tion on her left shoulder. On physical examination, a vesicular

rash was noted on her left sub-scapular area.

Patients treated with ruxolitinib had a statistically signifi-

cant increased risk of herpes zoster infection compared to

controls, both in the original reports of three trials in poly-

cythaemia vera (PV) (Vannucchi et al, 2015; Mesa et al,

2017; Passamonti et al, 2017), with an odds ratio of 7�39,
and in the long-term publications of randomized trials in

MF (Verstovsek et al, 2015; Harrison et al, 2016) and PV

(Verstovsek et al, 2016), with an odds ratio of 5�20 (Lussana

et al, 2017). Moreover, herpes zoster was one of the most

frequent infectious complications reported in the phase IIIb

JUMP study, both in its first report (Al-Ali et al, 2016) and

in the primary analysis (Al-Ali et al, 2017), with an overall

incidence of 5�2%.

During its initial phases, VZV infection is controlled by

the innate immune system, in particular by NK lymphocytes,

with the subsequent development of VZV-specific T cells; in

a normal host, after primary infection, VZV enters a lifelong

latency state, characterized by low-level viral replication

under continuous host immune surveillance (Duncan &

Hambleton, 2015).

Even though previously-reported VZV infections associ-

ated with ruxolitinib were essentially mild, a recent case

report described an event of thoracic herpes zoster associated

with VZV meningoencephalitis, suggesting that severe disease

manifestations may also occur (Eyal et al, 2017). It is crucial,

then, that both haematologists and their patients are aware

that potentially serious viral infections might develop, keep-

ing a high index of suspicion that is key to an early diagno-

sis: patients should be thoroughly informed and educated to

seek immediate medical attention if signs of cutaneous VZV

develop, since treatment should be administered as early as

possible, ideally within the first 72 h of the onset of the rash.

Serological screening for identifying prior infection does

not add any valuable information on the subsequent risk of

reactivation, and it’s generally not recommended. Live atten-

uated herpes zoster vaccination has been traditionally consid-

ered to be contraindicated for immunocompromised

patients. However, we acknowledge that the vast majority of

adult patients will have had varicella in childhood and prob-

ably would have a variable, but still appreciable, residual

specific cell-mediated immunity: therefore, it would be less

likely for them to have significant morbidity from vaccina-

tion (Levin et al, 2017). So, testing for prior infection to

identify seronegative cases may be useful when vaccination

with live-attenuated vaccine is considered as an option.

Recently, the safety and immunogenicity of VZV vaccina-

tion has been explored and, indeed, confirmed in patients

with rheumatoid arthritis, vaccinated before starting JAK

inhibitor therapy with tofacitinib (Winthrop et al, 2017).

Moreover, we may expect that future strategies to prevent

VZV reactivation will change, given that a recombinant,

adjuvanted, glycoprotein E subunit vaccine has been devel-

oped and approved by the US Food and Drug Administra-

tion (FDA) and, recently, by the European Medicines Agency

(EMA); it can be safely used in immunocompromised adults

and has shown, indeed, greater immunogenicity compared to

the live-attenuated one (James et al, 2018).

At present, however, primary VZV prophylaxis for patients

undergoing ruxolitinib treatment is not recommended based

on the available data, while secondary prophylaxis may be

considered, on a case by case basis, for those experiencing

recurrent reactivations or for severe, serious or disseminated

VZV infections. The best duration of prophylaxis could not

be determined, because the rates of VZV infection did not

decrease over time (Lussana et al, 2017).

We do not generally stop ruxolitinib during the acute

phase of the disease: while the inhibitory consequences on

the levels and functions of T lymphocytes and NK cells

might be reversible, in vivo recovery kinetics cannot be

inferred, so we cannot predict whether these changes on the

immune system might be clinically meaningful in terms of
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improving the outcome of an acute viral episode. Indeed,

most of the information on T-cell function comes from

in vitro analysis, while NK cell counts were sequentially

assessed and reported in a single patient, who completely

recovered, but was evaluated 3 months off-drug (Sch€onberg

et al, 2015). We acknowledge, however, that the decision not

to discontinue ruxolitinib during an episode of VZV reacti-

vation may be influenced by the severity of the clinical pic-

ture and/or the involvement of sensitive areas, as in herpes

zoster ophthalmicus. Although, as previously mentioned, a

quick recovery of immunocompetence is a theoretical

assumption, the potential benefits of stopping the drug out-

weigh any other clinical risk when there is ocular or systemic

involvement, or when neurological symptoms may suggest

meningoencephalitis, although it seems to be quite rare in

the setting of MPN patients treated with JAK inhibitors. Her-

pes zoster ophthalmicus can result in devastating retinal

pathology with acute necrosis, so that every attempt must be

made to avoid permanent vision loss.

The metabolism of acyclovir does not interfere nor overlap

with that of ruxolitinib, so that their association should not

be an issue from a clinical point of view. Indeed, the drug is

largely excreted in the urine, unmodified, while only a minor

fraction is oxidized by alcohol and aldehyde dehydrogenase

in the liver.

Our patient received standard treatment with acyclovir for

1 week. We did not opt for antiviral prophylaxis because her

clinical presentation was typical and not severe, and no addi-

tional risk factors or comorbidities were present. At her last fol-

low-up, she was still on ruxolitinib treatment with ongoing

clinical benefit, and without any further infectious complica-

tions or VZV reactivation.

Clinical scenario 2, hepatitis B virus reactivation

In January 2017 a 70-year-old man with a 5-year history of

PMF was offered treatment with ruxolitinib for a progressive

splenomegaly, palpable 12 cm below left the costal margin, and

unintentional weight loss. Screening for HCV infection was neg-

ative, while he tested positive for hepatitis B surface antibody

(HBsAb) and hepatitis B core antibody (HBcAb); hepatitis B

serum antigen (HBsAg) was negative and HBV-DNA was

undetectable.

After HBV enters hepatocytes, its viral genome reaches the

nucleus, where it is repaired into a covalently closed circular

DNA, which represents a persistent reservoir for eventual,

subsequent HBV reactivation (Loomba & Liang, 2017). Host

response to HBV infection relies on a complex interaction of

several immune pathways that include cytokines, above all

interferon (IFN)-gamma and tumour necrosis factor (TNF)-

alfa, and cells of the innate immune system, such as dendritic

cells, which are key in priming and directing the virus-speci-

fic T-cell response (Jung & Pape, 2002). Consequently, phar-

macological interference with those cytokines, as well as

inhibition of the function of T lymphocytes by kinase

inhibitors, as happens with ruxolitinib therapy, may lead to a

higher HBV replication state (Loomba & Liang, 2017).

The COMFORT I and II trials excluded patients with

active viral hepatitis, and no cases of reactivation were noted.

Five patients who experienced HBV reactivation have been

described so far as case reports, three of which were treated

in a clinical trial: a patient enrolled in the Response trial

(Kirito et al, 2016) and two cases from the JUMP trial (Per-

ricone et al, 2017). Three out of five were HBsAg positive

(Caocci et al, 2014; Kirito et al, 2016; Perricone et al, 2017);

on other was described as an HBV carrier, so he was proba-

bly HBsAg positive (Shen et al, 2014); only one out of five

reactivations developed in a patient who was HBsAg-negative

and anti-HBc positive, with an undetectable viral load (Perri-

cone et al, 2017). Notably, a clear relationship between rux-

olitinib daily dose and both clinical efficacy and HBV viral

load was noted in one of these case reports (Caocci et al,

2014).

According to dedicated guidelines (Reddy et al, 2015),

HBsAg-positive candidates should be referred to a specialist

for further assessment and appropriate treatment. HBsAg-

negative, anti-HBc positive subjects have a variable risk of

reactivation according to their complete virological profile,

underlying disease and type and/or duration of the immuno-

suppressive regimen. Ruxolitinib, although not formally

included in the classification (Reddy et al, 2015), can opera-

tionally be attributed to a moderate risk of reactivation,

along with other tyrosine kinase and cytokine inhibitors. It is

recommended that these patients are tested for serum HBV-

DNA: if viraemic, they should be treated similarly to HBsAg-

positive patients. In HBsAg-negative, anti-HBc positive sub-

jects with moderate or low risk of HBV reactivation, pre-

emptive therapy, not prophylaxis, is generally recommended.

In selected clinical settings, characterised by a long duration

of immunosuppression, limited compliance to monitoring or

unknown risk of viral reactivation for new drugs, prophylaxis

is preferred.

The safety of a strategy based on monitoring and pre-

emptive therapy has been recently confirmed in a prospective

cohort of Chinese MPN patients, with occult HBV infection,

undergoing ruxolitinib treatment (Gill et al, 2019). Liver bio-

chemistry, serological tests and HBV-DNA monitoring were

regularly performed: 4 out of 15 patients experienced HBV

reactivation (defined as HBV-DNA ≥ 10 iu/ml), and all of

them were then treated with entecavir, which was successful

in preventing any HBV-related hepatic complication. Of

note, ruxolitinib could be safely continued.

Prophylaxis with lamivudine has been widely used in

patients with haematological neoplasms, particularly in those

treated with B-cell depleting agents. Even though it has a

favourable safety profile, it is unfortunately associated with a

high rate of drug resistance, particularly when it is used for

more than 1 year. Previously mentioned guidelines (Reddy

et al, 2015; Sandherr et al, 2015) support the adoption of a

risk-adapted approach, so that prophylaxis with lamivudine
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may be appropriately suggested for short-term cancer treat-

ment of approximately 4–6 months duration, while in cases

of sustained or long-term immunosuppression (expected to

last for more than 12 months), it is recommended that drugs

with a higher antiviral potency, like entecavir or tenofovir,

are chosen.

Given that antiviral prophylaxis in MPN patients who are

candidates for ruxolitinib is expected to exceed 1 year and

because a strategy of pre-emptive intervention has been

prospectively tested (Gill et al., 2019), we can propose a risk-

based algorithm for the management for HBV reactivation

(Fig 1).

Prophylaxis was not strictly recommended for our patient,

but we recognise that the decision between prophylaxis versus

pre-emptive treatment may be discussed on a case by case basis.

Whatever the choice, monitoring is of utmost importance, dur-

ing and after immunosuppression, in order to start pre-emptive

treatment as soon as possible. Meanwhile, HBV vaccination is

an option for seronegative adult candidates for ruxolitinib.

Our patient did not receive antiviral prophylaxis and was

closely monitored so that any eventual changes could be timely

captured: he is doing well, after 20 months of ruxolitinib treat-

ment, without any signs of HBV reactivation.

Clinical scenario 3, tuberculosis reactivation risk

In June 2017 a 71-year-old man, with a long history of PV,

was diagnosed with secondary MF: he presented with uninten-

tional weight loss, early satiety that was probably due to signifi-

cant splenomegaly (palpable 9 cm below the left costal margin)

and moderate anaemia. Bone marrow biopsy was consistent

with our clinical hypothesis. A tuberculin skin test was

requested as part of the initial screening process: the test result

showed a palpable skin induration of 5 mm.

His personal history was negative for known tuberculosis

infection and for household contact or exposure to any active

case, and he denied prior Bacillus Calmette-Gu�erin vaccination

(vaccination can decrease TST specificity). An IFN gamma

release assay (IGRA; QuantiFERON-TB) was clearly positive,

so he was referred for infectious disease consultation.

In the natural history of tuberculosis, after an initial phase

of bacterial replication and dissemination, viable bacilli are

kept under control, both within macrophages and extracellu-

larly within granulomas, as a result of a dynamic balance

between pathogens on the one hand and the host immune

system on the other. The net result of this balance is asymp-

tomatic latent tuberculosis infection (LTBI) when host

responses predominate, and active disease when bacterial

replication prevails (Gengenbacher & Kaufmann, 2012).

Two cases of tuberculosis were reported in the extended-

phase publication of COMFORT II (Colomba et al, 2012;

Harrison et al, 2016) and five cases occurred in the pri-

mary analysis of the phase IIIb JUMP trial (Al-Ali et al,

2017). Furthermore, 11 case reports (Lee et al, 2013; Hop-

man et al, 2014; Chen et al, 2015; Keizer et al, 2015; Palandri

et al, 2015; Shamil et al, 2015; Abidi et al, 2016; Branco et al,

2016; Malkan & Haznedaroglu, 2017; Tsukamoto et al, 2018;

Lescuyer et al, 2019) described 14 patients experiencing

mycobacterial infections in patients treated with ruxolitinib

outside of a clinical trial, including a case of Mycobacterium

avium complex (MAC) disease; another case was reported in

a retrospective study (Palandri et al, 2018). The vast majority

Fig 1. Algorithm for a risk-adapted approach to HBV reactivation. (i) Patients negative for HBsAg and for anti-HBc antibodies should be consid-

ered for immunisation; (ii) patients positive for HBsAg should be referred to a specialist for further evaluation, to assess the phase of HBV infec-

tion and for choosing the most appropriate treatment; (iii) patients negative for HBsAg and positive for anti-HBcAb should be further tested for

HBV DNA; (a) those with a positive viral load should receive prophylaxis, preferably with entecavir or tenofovir; (b) those with a negative poly-

merase chain reaction should be screened for reactivation on a regular basis, and treated in case. HBcAb, hepatitis B core antibody; HBsAb, hep-

atitis B serum antibody; HBsAg, hepatitis B serum antigen; HBV, hepatitis B virus; PCR, polymerase chain reaction.

Review

290 ª 2019 British Society for Haematology and John Wiley & Sons Ltd
British Journal of Haematology, 2019, 187, 286–295



of these mycobacterial infections developed in the absence of

specific prophylaxis. Data on the outcome are available for

most cases: the infection was fatal in six patients (Keizer

et al, 2015; Malkan & Haznedaroglu, 2017; Tsukamoto et al,

2018; Lescuyer et al, 2019), and another one died as a conse-

quence of progressive MF, having discontinued ruxolitinib

after mycobacterial infection had been diagnosed (Lee et al,

2013). In three cases, ruxolitinib therapy was successfully

reinitiated after tuberculosis had been adequately treated

(Hopman et al, 2014; Palandri et al, 2015; Abidi et al, 2016);

to the best of our knowledge, only one patient (Branco et al,

2016) received concomitant anti-tuberculosis drugs and rux-

olitinib, unmodified: this association was effective and well

tolerated, even though a significant interaction might be pre-

dicted because rifampicin is a known, strong cytochrome

P450 3A4 (CYP3A4 inducer, thus reducing the half-life of

ruxolitinib.

LTBI can be diagnosed by evaluating the response to in vivo

(tuberculin skin test, TST) or in vitro (IGRA; QuantiFERON-

TB) stimulation by Mycobacterium tuberculosis antigens. TST

may suffer from cross-reactivity with environmental mycobac-

teria, while IGRAs have higher specificity; however, some stud-

ies suggest a poor concordance between the two methods

(Talati et al, 2009). Both tests have poor sensitivity in

immunocompromised patients, such as those with haemato-

logical malignancies, and none can distinguish between active

and latent disease (Anibarro & Pena, 2014).

According to international guidelines (Lewinsohn et al,

2017), there are insufficient data to recommend a preference

for either a TST or an IGRA as the first-line diagnostic test

in immunocompromised patients: it has been suggested that

a combined TST-IGRA test is probably the best way to

improve sensitivity, particularly when the consequences of

missing a case of LTBI exceed the risk of adverse events

related to the treatment, mostly liver toxicity (Anibarro &

Pena, 2014; Lewinsohn et al, 2017).

We usually perform a routine chest X-ray to check for

abnormalities consistent with prior tuberculosis, together

with either a TST test or QuantiFERON-TB as first-line LTBI

assessment; we usually prefer TST for patients that have not

been pre-treated with chronic, systemic steroids or with

potentially immunomodulating drugs (IFNs, experimental

therapies including histone deacetylase inhibitors or different

JAK inhibitors), as we can assume that they have a more pre-

served immune function. Otherwise, we would start with

QuantiFERON-TB. However, we acknowledge that institu-

tional guidelines and local feasibility of both tests may vary,

so that a thorough discussion with infectious disease special-

ists is key in addressing this issue.

Even though screening for latent TB is not considered

mandatory (Reinwald et al, 2018; Maschmeyer et al, 2019),

we screen every patient who is a candidate for ruxolitinib,

because we deem that the risk of missing a patient who may

benefit from prophylaxis is not negligible, from a clinical

point of view.

Eventually, the patient was diagnosed with LTBI and, being

a candidate for ruxolitinib treatment, a 9-month course of iso-

niazid was prescribed. Once a diagnosis of latent or active dis-

ease is made, the treatment should follow the general principles

relevant to those in the general population.

Isoniazid metabolism is primarily hepatic through acetyla-

tion and subsequent oxidation by the CYP-P450 enzymatic

complex, and it may act in vivo as a weak to moderate

CYP3A4 inhibitor (Desta et al, 2001; Wen et al, 2002).

Given the risk of liver toxicity, a well-known complication

of the drug, caution is needed when combining isoniazid and

ruxolitinib: close monitoring is recommended, and it may be

prudent and safer to start with a reduced dose of ruxolitinib,

that may later be increased, should it be tolerated and clini-

cally appropriate.

While treatment regimens for LTBI are essentially based

on a single drug, first-line treatment of active tuberculosis

relies on the association of four drugs, namely isoniazid,

rifampicin, pyrazinamide and ethambutol, that are all admin-

istered for 2 months (so-called “Intensive Phase”), followed

by at least 4 months (“Continuation Phase”) in which

patients only receive isoniazid and rifampicin. At least three

of these drugs (all but ethambutol) may cause clinically rele-

vant hepatotoxicity. Although in vitro studies failed to show

relevant inhibition of hepatic CYP P450 isoforms when each

single drug was tested (Cao et al, 2017), we believe that, in

cases of active infection – either at baseline, or in case of

reactivation during JAK inhibitor therapy – the clinical goal

is to complete the appropriate plan of anti-tubercular treat-

ment, ensuring adherence, preventing emergence of drug

resistance and minimizing the risk of adverse drug reactions

that may warrant dose reduction and/or dose interruptions.

So, we advise either not to start or to discontinue ruxolitinib

in such a clinical scenario.

Conclusions

Over the past few years, there have been significant changes

in the therapeutic landscape of MPN, thanks to extensive

clinical research in the field of JAK inhibitors that led to the

approval of ruxolitinib for MF and PV patients. However, we

have learned that the use of this new, targeted agent is not

without its hazards, as it interferes with multiple immune

pathways that physiologically protect the host and maintain

a proper immunosurveillance. Indeed, published data suggest

that the infection risk of MPN patients treated with ruxoli-

tinib may be clinically relevant.

A careful assessment of patients’ risk is necessary, together

with a limited set of screening procedures, but we recognize

that this might not be enough to avoid potentially severe,

and even fatal, events. We thoroughly assess the infectious

risk profile of any individual patient who is a candidate for

ruxolitinib, in order to personalize counselling, education

and, eventually, prophylaxis. For example, we may discuss

the option of an antiviral prophylaxis if a patient has
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previously experienced more than one episode of VZV reacti-

vation, or we may refer a patient that has experienced recur-

rent urinary tract infections for specialist assessment to

investigate underlying anatomical or functional abnormali-

ties, and to discuss any prophylactic intervention (either

non-antimicrobial or antimicrobial, as per guidelines). In our

practice, only a few comorbidities or risk factors may raise

eligibility questions for ruxolitinib treatment: HIV infection

[though recent research (Gavegnano et al, 2017) has sug-

gested that dysregulation of the JAK STAT pathway is associ-

ated with viral persistence in vivo, and that JAK inhibitors,

including ruxolitinib, may favourably impact the magnitude

of the HIV reservoir in memory CD4 T cell subsets], active

HCV infection in patients that are not candidates for, refuse

or fail treatment with direct-acting antivirals, any active

infection that is not adequately controlled, history of severe

infection requiring intensive care treatment, or history of

opportunistic infection that may suggest an underlying

immunodeficiency that needs to be addressed or may pose a

high risk of morbidity or mortality for the patient.

Given that an evidence-based prophylactic and therapeutic

approach is not available, we have shared our personal view,

using three clinical scenarios that may be managed in a risk-

oriented way.

However, until a solid and effective strategy is available,

we strongly suggest close collaboration with infectious dis-

eases specialists and active monitoring for safety, for any

patients treated with ruxolitinib, as post-marketing surveil-

lance and case reports will be both fundamental to improve

our knowledge of the infectious risk associated with the

drug.
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