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Abstract: The development and approval of ruxolitinib, the first JAK1/2 inhibitor indicated to
treat myelofibrosis, has improved patient outcomes, with higher spleen and symptoms responses,
improved quality of life, and overall survival. Despite this, several unmet needs remain, including
the absence of resistance criteria, suboptimal response, the timing of allogeneic transplant, and the
management of patients in case of intolerance. Here, we report the results of the second survey led
by the “MPN Lab” collaboration, which aimed to report physicians’ perspectives on these topics. As
in our first survey, physicians were selected throughout Italy, and we included those with extensive
experience in treating myeloproliferative neoplasms and those with less experience representing
clinical practice in the real world. The results presented here, summarized using descriptive analyses,
highlight the need for a clear definition of response to ruxolitinib as well as recommendations to
guide the management of ruxolitinib under specific conditions including anemia, thrombocytopenia,
infections, and non-melanoma skin cancers.

Keywords: anemia; infection; intolerance; myelofibrosis; non-melanoma skin cancer; resistance;
ruxolitinib; thrombocytopenia

1. Introduction

Primary myelofibrosis (MF) is a myeloproliferative neoplasm characterized by bone
marrow fibrosis, hepato-splenomegaly, constitutional symptoms, and progressive anemia
that can affect quality of life [1,2]. Secondary MF can also occur following myelofibrotic
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transformation of polycythemia vera (PV) and essential thrombocythemia (ET), termed
post-PV MF and post-ET MF, respectively [2]. Patients with primary MF have a reduced
overall survival (OS), with median OS ranging from 2.3 to 11.3 years after diagnosis
according to the baseline International Prognostic Scoring System (IPSS) risk score [3,4].

Ruxolitinib is an oral inhibitor targeting JAK1 and JAK2. Treatment with ruxolitinib
was associated with spleen response and improvement of symptoms and OS in patients
with intermediate-2 risk or high-risk primary or secondary MF in the COMFORT-I and
COMFORT-II phase 3 trials [5–7]. These findings were confirmed by the phase 3 JUMP
trial, which evaluated ruxolitinib in MF patients with intermediate-1 risk or low platelet
counts and those matching the eligibility criteria of the COMFORT trials [8].

Approximately 50% of patients with MF discontinue ruxolitinib due to failure or
intolerance after a median follow-up of 37 months [9]. Furthermore, the survival of
patients with MF after discontinuation of ruxolitinib is poor, with a reported median
OS of 14 months [10]. Clonal evolution while receiving ruxolitinib or thrombocytopenia
at ruxolitinib discontinuation were also associated with poor prognosis [10]. However,
the optimal management of MF patients who experience failure and/or intolerance to
ruxolitinib, and the best way to define resistance criteria, remain to be clarified. Hence, this
project aimed to collect physicians’ perceptions on the definition of suboptimal and failure
responses, the management of ruxolitinib during intolerance, and the timing and role of
allogeneic transplant.

2. Materials and Methods

The “MPN Lab” collaboration was established in March 2018 to examine experiences,
perspectives, and proposals on the management of MF and PV from 18 Italian hematology
centers. Their first survey was published in 2020 and described the processes involved
in diagnosing, stratification, and managing MF patients in real-world practice [11]. A
second survey, consisting of 27 questions, was then developed to assess the identification
of resistant and intolerant MF patients, the role of allogeneic transplant, and physicians’
perceptions on novel therapeutic strategies. The complete survey questionnaire, and
responses, are provided in Supplementary Material Table S1. Similar to the first survey,
the questionnaire was distributed via the internet and an external agency collected the
responses. Due to the COVID-19 pandemic, participants met via an online meeting to
discuss the final results. Here we present the results of the second survey summarized by
descriptive statistics.

3. Results

As with our first survey [11], participants were selected from the overall Italian
geographical region and included physicians with extensive experience in treating myelo-
proliferative neoplasms and those with less experience, representing a real-world scenario.
Overall, 28 hematologists all across Italy completed the survey; 13 with less experience (less
than 50 MF patients treated with ruxolitinib in their hospital) and 15 with higher experience
(≥50 MF patients treated with ruxolitinib).

3.1. Identification of Resistance

Initially, participants were asked to quantify primary and acquired resistance to
ruxolitinib. They reported that a median of 10% (interquartile range (IQR) 5–13%) of their
patients could be defined as primary resistant. Most physicians defined primary resistance
as the lack of a splenic volume response ≥ 35% (SVR35%) at 6 months (54%), while others
defined it as the lack of SVR50% at 6 months (29%) or the lack of SVR35% at 3 months (14%).
A median of 14% (IQR 5–31%) of patients with MF and primary resistance to ruxolitinib
initiated therapy at a dose < 15 mg BID regardless of platelet counts, which may explain the
lack of SVR35%. Indeed, the median percentage of patients with acquired resistance was
30% (IQR 17–40%) (Figure 1a). Most physicians (43%) reported that the loss of response
to ruxolitinib developed in patients after 1–2 years of therapy, while approximately 20%
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of patients developed resistance to ruxolitinib after a dose reduction due to the onset of
adverse events (Figure 1b).
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Figure 1. Participant responses: (a) Among your myelofibrosis patients who started ruxolitinib
treatment, how many presented primary and secondary resistance? (b) Among patients who have
experienced secondary resistance to ruxolitinib, after how long on average has there been a loss of
response to the drug?

Definitions of disease progression varied widely and included a >25% increase in
SV from baseline or nadir (43%), an increase in white blood cell (WBC) count, thrombo-
cytopenia and/or worsening of anemia (36%), progression in acute myeloid leukemia
(18%), or the reappearance of symptoms (4%) (Figure 2a). No consensus was reached on
the definition of suboptimal response, although a trend is visible among hematologists
with higher experience with ruxolitinib in MF (Figure 2b). Most participants reported
suboptimal response as a failure to achieve a minimal clinical benefit at 6 months (46%) or
3 months (25%), while the onset of anemia and/or thrombocytopenia that did not allow
treatment to proceed with an adequate dosage of ruxolitinib was reported by 21%.
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Figure 2. Participant preferences: (a) How do you define disease progression? (b) How do you define
a suboptimal response to ruxolitinib?

3.2. Treatment in Case of Resistance

Physicians were asked about their behavior in particular situations. For MF patients
receiving ruxolitinib with persistent splenomegaly and leukocytosis, 54% of physicians
would increase the dose of ruxolitinib to the maximum tolerated dose, 25% would continue
the same dose and consider symptoms response as the primary endpoint, and 14% would
discontinue the drug and search for an alternative trial (Figure 3a). More than half of
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the participants (57%) would prescribe a second-line JAK2 inhibitor as soon as possible
for patients with primary resistance to ruxolitinib. In comparison, 25% would anticipate
switching a patient with a suboptimal response after a minimum of 3–6 months of treatment
with ruxolitinib and 18% would switch a patient who developed a secondary resistance after
at least 6 months of continuous ruxolitinib treatment. To manage persistent splenomegaly
due to the failure to respond to an adequate or maximum tolerated dose of ruxolitinib,
61% of physicians would consider an alternative therapy including other JAK2 inhibitors.
Conversely, 14% would continue with ruxolitinib associated with conventional agents, such
as hydroxyurea or interferon, and 11% would consider splenectomy (Figure 3b).
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systemic symptoms may be achieved in the patient receiving ruxolitinib, even in the presence of
uncontrolled myeloproliferation (persistence of splenomegaly, hyperleukocytosis). If so, which
therapeutic approach would you consider? (b) Splenomegaly due to failure to respond to adequate
or maximum tolerated dose (resistance): how do you manage the problem of primary resistance
splenomegaly or loss of response to ruxolitinib?

3.3. The Role of Allogeneic Transplant

The survey included specific questions regarding the role of JAK inhibitor ther-
apy in hematopoietic stem cell transplantation (HSCT). In detail, in an MF patient with
intermediate-1 IPSS risk and an available donor, 75% of physicians believed that the leading
indication for HSCT was the presence of high molecular risk (HMR) mutations, whereas
only 14% would consider HSCT for resistance to JAK2 inhibitors. Regarding the second
question related to the optimal length of time of JAK inhibitor treatment prior to HSCT,
61% of physicians reported the absence of a predetermined period and instead considered
the minimum time to obtain a clinical response, while 29% indicated a minimum period of
3–6 months of treatment (Figure 4a).

When questioned on the timing of ruxolitinib withdrawal in a transplant candidate
patient before starting the conditioning regimen, 64% of participants said they would
discontinue ruxolitinib the day before, 21% said between 7 and 14 days before, whereas 11%
reported that this was variable between patients and related to the underlying pathology
(Figure 4b). Only 4% would continue with ruxolitinib until engraftment. Regarding the use
of JAK2 inhibitors after allogeneic transplantation, 54% of participants would use them for
persistent minimal residual disease, 32% for overt relapse, whereas only 4% would always
use them as a pre-emptive treatment strategy.



Curr. Oncol. 2022, 29 4974Curr. Oncol. 2022, 29, FOR PEER REVIEW 5 of 11 
 

 

  
(a) (b) 

Figure 4. Participant preferences: (a) In an allogeneic transplant candidate patient, what do you 
think is the optimal period of JAK inhibitor therapy prior to transplantation? (b) In a transplant 
candidate patient, what is the timing of withdrawal of the JAK inhibitor adopted by your center? 

When questioned on the timing of ruxolitinib withdrawal in a transplant candidate 
patient before starting the conditioning regimen, 64% of participants said they would 
discontinue ruxolitinib the day before, 21% said between 7 and 14 days before, whereas 
11% reported that this was variable between patients and related to the underlying 
pathology (Figure 4b). Only 4% would continue with ruxolitinib until engraftment. 
Regarding the use of JAK2 inhibitors after allogeneic transplantation, 54% of participants 
would use them for persistent minimal residual disease, 32% for overt relapse, whereas 
only 4% would always use them as a pre-emptive treatment strategy. 

In the absence of an HLA-identical donor, more than half of the participants (54%) 
would use a haploidentical donor if HSCT was indicated, whereas 11% would only use a 
haploidentical donor in younger patients (<40 years) or in patients with high-risk disease. 
Most physicians (75%) would use splenectomy before transplant in case of massive 
splenomegaly. There was no consensus on whether splenic radiotherapy was beneficial 
in an HSCT candidate with MF; 46% of physicians found the procedure to be useful in 
patients with a contraindication to splenectomy and lack of efficacy to ruxolitinib, while 
40% of physicians did not agree with this procedure. 

3.4. Treatment in Case of Intolerance 
The survey also questioned how physicians would manage hematological side effects 

and infections in a patient with MF receiving ruxolitinib who has achieved a clinical 
response. For patients who develop anemia, 36% of physicians would interrupt or reduce 
the dose of ruxolitinib if other treatments for anemia were initiated, whereas 32% would 
only discontinue or reduce the dose in patients with transfusion dependence; 29% would 
never discontinue the drug, especially among the ones with more experience treating MF 
patients with ruxolitinib (Figure 5a). To manage anemia during ruxolitinib treatment, 
more than 40% of physicians would consider initiating concomitant treatment with 
erythropoietin. When asked which parameter indicated when to initiate an 
erythropoiesis-stimulating agent, most physicians (54% or 73% among the more 
experienced) would only consider endogenous erythropoietin levels (Figure 5b). 
Similarly, in the case of thrombocytopenia, 64% of physicians would only discontinue or 
reduce the dose of ruxolitinib in patients with hemorrhagic events during treatment. 
Alternative treatment or participation in a clinical trial was reported as the most 
appropriate management of severe thrombocytopenia by 68% of physicians. 

Figure 4. Participant preferences: (a) In an allogeneic transplant candidate patient, what do you think
is the optimal period of JAK inhibitor therapy prior to transplantation? (b) In a transplant candidate
patient, what is the timing of withdrawal of the JAK inhibitor adopted by your center?

In the absence of an HLA-identical donor, more than half of the participants (54%)
would use a haploidentical donor if HSCT was indicated, whereas 11% would only use
a haploidentical donor in younger patients (<40 years) or in patients with high-risk dis-
ease. Most physicians (75%) would use splenectomy before transplant in case of massive
splenomegaly. There was no consensus on whether splenic radiotherapy was beneficial
in an HSCT candidate with MF; 46% of physicians found the procedure to be useful in
patients with a contraindication to splenectomy and lack of efficacy to ruxolitinib, while
40% of physicians did not agree with this procedure.

3.4. Treatment in Case of Intolerance

The survey also questioned how physicians would manage hematological side effects
and infections in a patient with MF receiving ruxolitinib who has achieved a clinical re-
sponse. For patients who develop anemia, 36% of physicians would interrupt or reduce the
dose of ruxolitinib if other treatments for anemia were initiated, whereas 32% would only
discontinue or reduce the dose in patients with transfusion dependence; 29% would never
discontinue the drug, especially among the ones with more experience treating MF patients
with ruxolitinib (Figure 5a). To manage anemia during ruxolitinib treatment, more than
40% of physicians would consider initiating concomitant treatment with erythropoietin.
When asked which parameter indicated when to initiate an erythropoiesis-stimulating
agent, most physicians (54% or 73% among the more experienced) would only consider
endogenous erythropoietin levels (Figure 5b). Similarly, in the case of thrombocytopenia,
64% of physicians would only discontinue or reduce the dose of ruxolitinib in patients with
hemorrhagic events during treatment. Alternative treatment or participation in a clinical
trial was reported as the most appropriate management of severe thrombocytopenia by
68% of physicians.

For patients with dermatologic complications and the onset of non-melanoma skin
cancer (NMSC), 57% of participants would only discontinue ruxolitinib in patients with
recurrent NMSCs (i.e., surgical removal of at least five lesions). There was no consensus on
the management of patients with a single bacterial infectious event; 54% of participants
would only consider discontinuing or reducing the dose of ruxolitinib in the absence of
improvement after several days of antibiotics (Figure 6a), whereas 43% would continue
ruxolitinib and only consider discontinuation or dose reduction in a patient with worsening
hematologic parameters. For patients with a first episode of herpes zoster reactivation, 68%
of participants would continue ruxolitinib and consider antiviral prophylaxis (Figure 6b);
likewise, 64% of participants would manage treatment for patients with recurrence of
herpes zoster reactivation in the same way (Figure 6c).
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together with decreased platelet counts and worsening of anemia. More recently, a 
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tolerated dose has been suggested, and our survey results agree with this strategy. 
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patients identified five baseline variables that reduced the probability of spleen response, 
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Figure 6. Participant preferences: (a) How do you manage treatment in a patient with myelofibrosis
(MF) on stable doses of ruxolitinib who has an intercurrent bacterial infectious event? (b) How do
you manage treatment in a patient with MF on stable doses of ruxolitinib who has a first episode of
herpes zoster reactivation or (c) who has two or more episodes of herpes zoster reactivation?
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4. Discussion

Most MF patients treated with ruxolitinib achieve at least some degree of spleen
size reduction and rapid symptoms response. However, approximately half the patients,
including those with an optimal response, may relapse after a median of 3 years of treat-
ment. Moreover, in the long-term follow-up of the COMFORT II study, the probability of
maintaining a spleen response after 5 years of treatment was 0.48 (95% CI, 0.35–0.60) for
the patients who achieved a ≥35% spleen reduction on ruxolitinib [6]. A variable range
of discontinuation has also been reported in clinical practice [12,13], while approximately
40% of patients discontinued ruxolitinib after a median of 3 years in a retrospective Italian
study [9]. Our survey results align with the published literature, with 40% of patients
resistant to ruxolitinib due to primary resistance (10%) or acquired resistance (30%).

Until now, there has been no consensus definition of either ruxolitinib failure or subop-
timal response. Suboptimal response has been recently indicated among eligibility criteria
in sponsored investigational trials investigating new potential ruxolitinib-based combina-
tions, although its definition varies between protocols. Primary resistance to ruxolitinib
is rare and defined as the absence of any benefit in the spleen and symptoms response.
Secondary or acquired resistance has been defined as the loss of response (≥50% increase in
spleen length from best response) or suboptimal response (<25% reduction in spleen length
after at least 3 months of optimally dosed JAK2 inhibitor treatment) to ruxolitinib [14],
while other groups also include intolerance and disease progression [15]. Our survey
has highlighted the heterogeneity used to define treatment failure, suboptimal response,
progression, and the need for a consensus on these definitions. Most of the physicians in
this study considered treatment failure as the lack of SVR35% at 6 months, a suboptimal
response as the lack of a minimal clinical benefit within 6 months, and progression as
a >25% increase in SV from baseline or nadir or an increased WBC count together with
decreased platelet counts and worsening of anemia. More recently, a prognostic model has
been proposed to predict survival after 6 months of ruxolitinib in patients with MF [16].

In MF patients with primary resistance, increasing ruxolitinib to the maximum toler-
ated dose has been suggested, and our survey results agree with this strategy. Multivariate
logistic regression models from a cooperative Italian study of 408 MF patients identified
five baseline variables that reduced the probability of spleen response, including a higher
disease burden (high IPSS risk score and spleen > 10 cm) and time interval from diagnosis
to ruxolitinib start of >2 years [17]; therefore, the maximum tolerated dose should be used
in patients with these characteristics. In patients with acquired resistance, second-line
treatment with another JAK2 inhibitor was supported by most participants in our survey.
Second-line JAK inhibitors, including fedratinib, momelotinib, and pacritinib, can induce
clinical responses in the post-ruxolitinib setting and some evidence suggests they may be
more efficacious than conventional treatments [13,15].

Currently, HSCT is the only curative option for MF, although the high rate of transplant-
related morbidity and mortality should be considered [18]. As most MF patients fall
within the fragile and older category with a median age of 66 years reported at the initial
diagnosis [19], candidates for HSCT should be selected appropriately. When considering
the situation of an intermediate-1 risk MF patient with an HLA-identical donor, most
physicians surveyed here reported that the strongest indication for HSCT was the presence
of HMR mutations, which is in line with consensus-based recommendations produced by
the European LeukemiaNet and European Blood and Marrow Transplantation Group [20].

The clinical-molecular MF transplant scoring system (MTSS) [21] predicts post-
transplantation outcomes for MF patients based on clinical, molecular, and transplant-
specific information. It appears to be the most appropriate tool to select patients for
transplantation. The MTSS identified age ≥ 57 years, Karnofsky performance status < 90%,
platelet count < 150 × 109/L, leukocyte count > 25 × 109/L before transplantation, HLA-
mismatched unrelated donor, ASXL1 mutation, and non-CALR/MPL driver mutation
genotype as independent predictors of outcome post-transplantation. However, the op-
timal timing for transplantation in MF patients treated with ruxolitinib remains an open
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question, as highlighted by the lack of consensus reported here. Approximately 50% of
patients discontinue ruxolitinib within 3–5 years [9] and the advent of new agents and
combination trials with ruxolitinib as a backbone complicate treatment choice. It should
also be considered that not all available JAK2 inhibitors modify disease pathogenesis and
that, as indicated in the literature, an enlarged spleen may reduce engraftment and increase
the risk of non-relapse mortality [22].

The optimal timing for ruxolitinib discontinuation before HSCT is not well defined.
However, several retrospective studies have demonstrated a better prognosis in MF patients
responsive to pretreatment with ruxolitinib before HSCT, with a significantly lower risk of
relapse and faster engraftment than in patients without ruxolitinib pretreatment [23,24]. In
our survey, more than 60% of physicians stated that they would discontinue ruxolitinib the
day before starting the conditioning regime for HSCT. Similarly, adverse events were more
common when ruxolitinib was abruptly discontinued ≥6 days before the conditioning
therapy [24,25]. For this reason, ruxolitinib as a part of the conditioning regimen or until
the engraftment may improve post-HSCT outcomes and is well tolerated [26].

When considering the donor type, more than half of the physicians surveyed reported
that, in the absence of an HLA-identical donor, they would use a haploidentical donor if
the patient was indicated for transplantation, whereas 11% of physicians would only use
a haploidentical donor in younger patients (<40 years) or in those with high-risk disease.
Notably, increasing evidence has been reported in favor of haploidentical donors, with
similar results to HLA-matched donors [22,27].

The management of splenomegaly before transplant reached a consensus in our survey,
with more than 70% of participants reporting that they would use splenectomy. However,
the role of splenectomy is debatable. On the one hand, splenectomy may have a disease-
modifying effect considering that additional molecular and cytogenetical abnormalities
may be present in the spleen compared with bone marrow; it may also reduce the risk
of graft failure and relapse-risk mortality. Conversely, splenectomy is associated with
increased mortality and morbidity, with possible thrombotic events and infections post-
surgery [22,28,29].

Only a small number of physicians in our survey would use a pre-emptive ruxolitinib
strategy after allogeneic transplantation. In contrast, more than half would use ruxolitinib
in patients with persistent or reappearing residual disease. Notably, in a small pilot study,
all four patients who received ruxolitinib pre- and post-transplant achieved complete
remission, with long-term survival and no acute graft-versus-host disease [30]. Conversely,
complete remission was achieved by only two of nine patients who received ruxolitinib
in the pre-transplant period, and remission was not achieved in three patients who never
received ruxolitinib. Post-transplant ruxolitinib was also reported to be safe and feasible
in a separate study of four patients, with none experiencing fungal infections or EBV
reactivation and all alive and in complete remission at a median post-transplant survival of
9.4 months [31].

We also surveyed physicians’ responses to hematological toxicity in MF patients with
clinical response to ruxolitinib. For patients with anemia, only 29% of physicians would
continue ruxolitinib at the same dose. In comparison, more than 70% would discontinue
or reduce the dose if the patient became transfusion-dependent or started another treat-
ment for anemia. However, the best parameter for deciding when to combine ruxolitinib
with an erythropoietin-stimulating agent was unclear, although around half of the partici-
pants felt that using endogenous erythropoietin levels was the correct approach. Notably,
erythropoietin-stimulating agents were efficacious in improving anemia in 59 anemic
MF patients treated with ruxolitinib, with an anemia response rate of 54% and minor
improvements in Hb levels in an additional 15% of patients, and no thrombotic events
reported [32].

In our survey, around two-thirds of the physicians would discontinue or reduce the
dose of ruxolitinib in patients who develop thrombocytopenia, but only if hemorrhagic
events occur. Interestingly, more than half of the physicians would stop ruxolitinib in
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patients with recurrent NMSCs, while most would reduce the dose or suspend ruxolitinib
in patients with a worsening bacterial infection. So far, there is no published consensus on
ruxolitinib management during infectious episodes or the occurrence of second neoplasia.

5. Conclusions

In conclusion, the results of our survey have identified a real-life perspective of
ruxolitinib in patients with MF and highlight the need for guidelines to aid the identification
of resistance, the optimal timing for HSCT, and the management of patients with specific
intolerance.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/curroncol29070395/s1, Table S1: Questionnaire and related answers.

Author Contributions: Conceptualization, M.B., F.P., P.G., G.A.P. and A.I.; methodology, M.B., P.G.,
A.M., F.M., A.R., E.S., M.T. and A.I.; writing—original draft preparation, M.B.; writing—review and
editing, all authors. All authors have read and agreed to the published version of the manuscript.

Funding: Editorial assistance was supported by an unconditional grant from Novartis Farma Italy.

Institutional Review Board Statement: All procedures performed in studies involving human
participants were in accordance with the ethical standards of the responsible institution and/or
national research committee and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

Informed Consent Statement: For this kind of study, formal consent is not required. Participation in
this survey was voluntary.

Data Availability Statement: The data presented in this study are available in this article.

Acknowledgments: Melanie Gatt, an independent medical writer, provided English language editing
and journal styling prior to submission on behalf of Health Publishing and Services Srl. This
unconditional support was funded by Novartis Farma Italy.

Conflicts of Interest: Massimo Breccia received honoraria from Novartis, Pfizer, Incyte, and Celgene.
Francesca Palandri has received honoraria from and has served on speakers’ bureaus for Novartis.
Giuseppe A. Palumbo has received honoraria from Amgen, Celgene, and Novartis and has partici-
pated at advisory boards for Celgene, Janssen, and Novartis. Mario Tiribelli has received honoraria
from and has served on speakers’ bureaus for Novartis, BMS, Pfizer, and Incyte. Alessandra Iurlo
received honoraria from Novartis, Pfizer, Incyte, BMS, and Celgene. The remaining authors declare
no conflict of interest.

References
1. Barbui, T.; Thiele, J.; Gisslinger, H.; Kvasnicka, H.M.; Vannucchi, A.M.; Guglielmelli, P.; Orazi, A.; Tefferi, A. The 2016 WHO

classification and diagnostic criteria for myeloproliferative neoplasms: Document summary and in-depth discussion. Blood Cancer
J. 2018, 8, 15. [CrossRef]

2. Barosi, G.; Mesa, R.A.; Thiele, J.; Cervantes, F.; Campbell, P.J.; Verstovsek, S.; Dupriez, B.; Levine, R.L.; Passamonti, F.; Gotlib,
J.; et al. Proposed criteria for the diagnosis of post-polycythemia vera and post-essential thrombocythemia myelofibrosis: A
consensus statement from the International Working Group for Myelofibrosis Research and Treatment. Leukemia 2008, 22, 437–438.
[CrossRef]

3. Cervantes, F.; Dupriez, B.; Pereira, A.; Passamonti, F.; Reilly, J.T.; Morra, E.; Vannucchi, A.M.; Mesa, R.A.; Demory, J.L.; Barosi,
G.; et al. New prognostic scoring system for primary myelofibrosis based on a study of the International Working Group for
Myelofibrosis Research and Treatment. Blood 2009, 113, 2895–2901. [CrossRef]

4. Passamonti, F.; Cervantes, F.; Vannucchi, A.M.; Morra, E.; Rumi, E.; Pereira, A.; Guglielmelli, P.; Pungolino, E.; Caramella,
M.; Maffioli, M.; et al. A dynamic prognostic model to predict survival in primary myelofibrosis: A study by the IWG-MRT
(International Working Group for Myeloproliferative Neoplasms Research and Treatment). Blood 2010, 115, 1703–1708. [CrossRef]

5. Harrison, C.; Kiladjian, J.J.; Al-Ali, H.K.; Gisslinger, H.; Waltzman, R.; Stalbovskaya, V.; McQuitty, M.; Hunter, D.S.; Levy, R.;
Knoops, L.; et al. JAK inhibition with ruxolitinib versus best available therapy for myelofibrosis. N. Engl. J. Med. 2012, 366,
787–798. [CrossRef]

6. Harrison, C.N.; Vannucchi, A.M.; Kiladjian, J.J.; Al-Ali, H.K.; Gisslinger, H.; Knoops, L.; Cervantes, F.; Jones, M.M.; Sun, K.;
McQuitty, M.; et al. Long-term findings from COMFORT-II, a phase 3 study of ruxolitinib vs. best available therapy for
myelofibrosis. Leukemia 2016, 30, 1701–1707, Erratum in Leukemia 2017, 31, 775. [CrossRef]

https://www.mdpi.com/article/10.3390/curroncol29070395/s1
https://www.mdpi.com/article/10.3390/curroncol29070395/s1
http://doi.org/10.1038/s41408-018-0054-y
http://doi.org/10.1038/sj.leu.2404914
http://doi.org/10.1182/blood-2008-07-170449
http://doi.org/10.1182/blood-2009-09-245837
http://doi.org/10.1056/NEJMoa1110556
http://doi.org/10.1038/leu.2016.148


Curr. Oncol. 2022, 29 4979

7. Verstovsek, S.; Mesa, R.A.; Gotlib, J.; Levy, R.S.; Gupta, V.; DiPersio, J.F.; Catalano, J.V.; Deininger, M.; Miller, C.; Silver, R.T.; et al.
A double-blind, placebo-controlled trial of ruxolitinib for myelofibrosis. N. Engl. J. Med. 2012, 366, 799–807. [CrossRef]

8. Al-Ali, H.K.; Griesshammer, M.; Foltz, L.; Palumbo, G.A.; Martino, B.; Palandri, F.; Liberati, A.M.; le Coutre, P.; Garcia-Hernandez,
C.; Zaritskey, A.; et al. Primary analysis of JUMP, a phase 3b, expanded-access study evaluating the safety and efficacy of
ruxolitinib in patients with myelofibrosis, including those with low platelet counts. Br. J. Haematol. 2020, 189, 888–903. [CrossRef]

9. Palandri, F.; Breccia, M.; Bonifacio, M.; Polverelli, N.; Elli, E.M.; Benevolo, G.; Tiribelli, M.; Abruzzese, E.; Iurlo, A.; Heidel,
F.H.; et al. Life after ruxolitinib: Reasons for discontinuation, impact of disease phase, and outcomes in 218 patients with
myelofibrosis. Cancer 2020, 126, 1243–1252. [CrossRef]

10. Newberry, K.J.; Patel, K.; Masarova, L.; Luthra, R.; Manshouri, T.; Jabbour, E.; Bose, P.; Daver, N.; Cortes, J.; Kantarjian, H.; et al.
Clonal evolution and outcomes in myelofibrosis after ruxolitinib discontinuation. Blood 2017, 130, 1125–1131. [CrossRef]

11. Breccia, M.; Barate, C.; Benevolo, G.; Bonifacio, M.; Elli, E.M.; Guglielmelli, P.; Maffioli, M.; Malato, A.; Mendicino, F.; Palumbo,
G.A.; et al. Tracing the decision-making process for myelofibrosis: Diagnosis, stratification, and management of ruxolitinib
therapy in real-word practice. Ann. Hematol. 2020, 99, 65–72. [CrossRef]

12. Fonseca, E.; Silver, R.T.; Kazis, L.E.; Iqbal, S.U.; Rose, M.; Khan, N. Ruxolitinib Discontinuation In Patients With Myelofibrosis: An
Analysis From Clinical Practice. Blood 2013, 122, 2833. [CrossRef]

13. Kuykendall, A.T.; Shah, S.; Talati, C.; Al Ali, N.; Sweet, K.; Padron, E.; Sallman, D.A.; Lancet, J.E.; List, A.F.; Zuckerman, K.S.; et al.
Between a rux and a hard place: Evaluating salvage treatment and outcomes in myelofibrosis after ruxolitinib discontinuation.
Ann. Hematol. 2018, 97, 435–441. [CrossRef]

14. Gupta, V.; Cerquozzi, S.; Foltz, L.; Hillis, C.; Devlin, R.; Elsawy, M.; Grewal, K.; Hamm, C.; McNamara, C.; Sirhan, S.; et al.
Patterns of Ruxolitinib Therapy Failure and Its Management in Myelofibrosis: Perspectives of the Canadian Myeloproliferative
Neoplasm Group. JCO Oncol. Pract. 2020, 16, 351–359. [CrossRef]

15. Harrison, C.N.; Schaap, N.; Mesa, R.A. Management of myelofibrosis after ruxolitinib failure. Ann. Hematol. 2020, 99, 1177–1191.
[CrossRef]

16. Maffioli, M.; Mora, B.; Ball, S.; Iurlo, A.; Elli, E.M.; Finazzi, M.C.; Polverelli, N.; Rumi, E.; Caramella, M.; Carraro, M.C.; et al. A
prognostic model to predict survival after 6 months of ruxolitinib in patients with myelofibrosis. Blood Adv. 2022, 6, 1855–1864.
[CrossRef]

17. Palandri, F.; Palumbo, G.A.; Bonifacio, M.; Tiribelli, M.; Benevolo, G.; Martino, B.; Abruzzese, E.; D’Adda, M.; Polverelli, N.;
Bergamaschi, M.; et al. Baseline factors associated with response to ruxolitinib: An independent study on 408 patients with
myelofibrosis. Oncotarget 2017, 8, 79073–79086. [CrossRef]

18. Tiribelli, M.; Palandri, F.; Sant’Antonio, E.; Breccia, M.; Bonifacio, M. The role of allogeneic stem-cell transplant in myelofibrosis in
the era of JAK inhibitors: A case-based review. Bone Marrow Transplant. 2020, 55, 708–716. [CrossRef]

19. Tefferi, A.; Lasho, T.L.; Jimma, T.; Finke, C.M.; Gangat, N.; Vaidya, R.; Begna, K.H.; Al-Kali, A.; Ketterling, R.P.; Hanson, C.A.; et al.
One thousand patients with primary myelofibrosis: The mayo clinic experience. Mayo Clin. Proc. 2012, 87, 25–33. [CrossRef]

20. Kroger, N.M.; Deeg, J.H.; Olavarria, E.; Niederwieser, D.; Bacigalupo, A.; Barbui, T.; Rambaldi, A.; Mesa, R.; Tefferi, A.;
Griesshammer, M.; et al. Indication and management of allogeneic stem cell transplantation in primary myelofibrosis: A
consensus process by an EBMT/ELN international working group. Leukemia 2015, 29, 2126–2133. [CrossRef]

21. Gagelmann, N.; Ditschkowski, M.; Bogdanov, R.; Bredin, S.; Robin, M.; Cassinat, B.; Shahswar, R.; Thol, F.; Heuser, M.; Socie,
G.; et al. Comprehensive clinical-molecular transplant scoring system for myelofibrosis undergoing stem cell transplantation.
Blood 2019, 133, 2233–2242. [CrossRef]

22. Polverelli, N.; Farina, M.; D’Adda, M.; Damiani, E.; Grazioli, L.; Leoni, A.; Malagola, M.; Bernardi, S.; Russo, D. How We Manage
Myelofibrosis Candidates for Allogeneic Stem Cell Transplantation. Cells 2022, 11, 553. [CrossRef]

23. Kroger, N.; Sbianchi, G.; Sirait, T.; Wolschke, C.; Beelen, D.; Passweg, J.; Robin, M.; Vrhovac, R.; Helbig, G.; Sockel, K.; et al.
Impact of prior JAK-inhibitor therapy with ruxolitinib on outcome after allogeneic hematopoietic stem cell transplantation for
myelofibrosis: A study of the CMWP of EBMT. Leukemia 2021, 35, 3551–3560. [CrossRef]

24. Shanavas, M.; Popat, U.; Michaelis, L.C.; Fauble, V.; McLornan, D.; Klisovic, R.; Mascarenhas, J.; Tamari, R.; Arcasoy, M.O.; Davies,
J.; et al. Outcomes of Allogeneic Hematopoietic Cell Transplantation in Patients with Myelofibrosis with Prior Exposure to Janus
Kinase 1/2 Inhibitors. Biol. Blood Marrow Transplant. 2016, 22, 432–440. [CrossRef]

25. Stübig, T.; Alchalby, H.; Ditschkowski, M.; Wolf, D.; Wulf, G.; Zabelina, T.; Wolschke, C.; Ayuk, F.; Kröger, N. JAK inhibition with
ruxolitinib as pretreatment for allogeneic stem cell transplantation in primary or post-ET/PV myelofibrosis. Leukemia 2014, 28,
1736–1738. [CrossRef]

26. Salit, R.B.; Scott, B.L.; Stevens, E.A.; Baker, K.K.; Gooley, T.A.; Deeg, H.J. Pre-hematopoietic cell transplant Ruxolitinib in patients
with primary and secondary myelofibrosis. Bone Marrow Transplant. 2020, 55, 70–76. [CrossRef]

27. Bregante, S.; Dominietto, A.; Ghiso, A.; Raiola, A.M.; Gualandi, F.; Varaldo, R.; Di Grazia, C.; Lamparelli, T.; Luchetti, S.;
Geroldi, S.; et al. Improved Outcome of Alternative Donor Transplantations in Patients with Myelofibrosis: From Unrelated to
Haploidentical Family Donors. Biol. Blood Marrow Transplant. 2016, 22, 324–329. [CrossRef]

28. Mesa, R.A.; Nagorney, D.S.; Schwager, S.; Allred, J.; Tefferi, A. Palliative goals, patient selection, and perioperative platelet
management: Outcomes and lessons from 3 decades of splenectomy for myelofibrosis with myeloid metaplasia at the Mayo
Clinic. Cancer 2006, 107, 361–370. [CrossRef]

http://doi.org/10.1056/NEJMoa1110557
http://doi.org/10.1111/bjh.16462
http://doi.org/10.1002/cncr.32664
http://doi.org/10.1182/blood-2017-05-783225
http://doi.org/10.1007/s00277-019-03847-z
http://doi.org/10.1182/blood.V122.21.2833.2833
http://doi.org/10.1007/s00277-017-3194-4
http://doi.org/10.1200/JOP.19.00506
http://doi.org/10.1007/s00277-020-04002-9
http://doi.org/10.1182/bloodadvances.2021006889
http://doi.org/10.18632/oncotarget.18674
http://doi.org/10.1038/s41409-019-0683-1
http://doi.org/10.1016/j.mayocp.2011.11.001
http://doi.org/10.1038/leu.2015.233
http://doi.org/10.1182/blood-2018-12-890889
http://doi.org/10.3390/cells11030553
http://doi.org/10.1038/s41375-021-01276-4
http://doi.org/10.1016/j.bbmt.2015.10.005
http://doi.org/10.1038/leu.2014.86
http://doi.org/10.1038/s41409-019-0523-3
http://doi.org/10.1016/j.bbmt.2015.09.028
http://doi.org/10.1002/cncr.22021


Curr. Oncol. 2022, 29 4980

29. Robin, M.; Zine, M.; Chevret, S.; Meignin, V.; Munoz-Bongrand, N.; Moatti, H.; Xhaard, A.; Sicre de Fontbrune, F.; Peffault de
Latour, R.; Sarfati, E.; et al. The Impact of Splenectomy in Myelofibrosis Patients before Allogeneic Hematopoietic Stem Cell
Transplantation. Biol. Blood Marrow Transplant. 2017, 23, 958–964. [CrossRef]

30. Pu, J.J.; Poulose, J.; Zhu, J.; Malysz, J.; Fanburg-Smith, J.; Bayerl, M. Ruxolitinib maintenance post myelofibrosis allogeneic stem
cell transplant. Biol. Blood Marrow Transplant. 2019, 25, abstract 164. [CrossRef]

31. Tipimeni, E.; Kodali, S.; Ramanathan, M.; Nath, R.; Cerny, J. Experience with administration of ruxolitinib after allogeneic stem
cell transplantation in patients with myelofibrosis. Biol. Blood Marrow Transplant. 2015, 21, abstract 456. [CrossRef]

32. Crisa, E.; Cilloni, D.; Elli, E.M.; Martinelli, V.; Palumbo, G.A.; Pugliese, N.; Beggiato, E.; Frairia, C.; Cerrano, M.; Lanzarone,
G.; et al. The use of erythropoiesis-stimulating agents is safe and effective in the management of anaemia in myelofibrosis patients
treated with ruxolitinib. Br. J. Haematol. 2018, 182, 701–704. [CrossRef] [PubMed]

http://doi.org/10.1016/j.bbmt.2017.03.002
http://doi.org/10.1016/j.bbmt.2018.12.404
http://doi.org/10.1016/j.bbmt.2014.11.502
http://doi.org/10.1111/bjh.15450
http://www.ncbi.nlm.nih.gov/pubmed/29984826

	Introduction 
	Materials and Methods 
	Results 
	Identification of Resistance 
	Treatment in Case of Resistance 
	The Role of Allogeneic Transplant 
	Treatment in Case of Intolerance 

	Discussion 
	Conclusions 
	References

