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To The Editor,

Myelofibrosis (MF) is a BCR::ABL negative chronic myeloproliferative neoplasm (MPN)
characterized by progressive bone marrow fibrosis, leading to impaired hematopoiesis, cytopenias,
splenomegaly, and debilitating symptoms such as fatigue, night sweats, and weight loss. These
features significantly impact quality of life and contribute to a reduced life expectancy.? The
introduction of ruxolitinib, a JAK1/JAK2 inhibitor, marked a major advancement in the treatment of
MF, offering symptom relief, reduction in spleen size, and improved overall survival (0S).>* However,
ruxolitinib is not curative and becomes less effective over time for most patients. Many eventually
require discontinuation due to resistance and/or intolerance, at which point OS is significantly

reduced, highlighting the need for effective post-ruxolitinib treatment strategies.>®

Second-line therapies for MF patients who discontinue ruxolitinib have undergone significant
development in recent years. Novel JAK inhibitors (JAKi), like fedratinib, momelotinib, and pacritinib,
have provided alternative options tailored to specific clinical challenges, including progressive
splenomegaly, anemia, or thrombocytopenia.”™ Fedratinib has shown significant efficacy in reducing
spleen size and alleviating symptoms, particularly after ruxolitinib failure.”'° Momelotinib, uniquely
targeting JAK1, JAK2, and ACVR1, is effective in managing anemia with considerable hemoglobin
improvements in many patients.®!! Pacritinib offers a valuable option for individuals with severe
thrombocytopenia, a condition where therapeutic choices are limited.® Multiple agents with novel
mechanisms of action are in ongoing clinical investigation.!? Finally, allogeneic transplantation

remains the only potentially curative strategy for eligible patients.!3

Despite, but also thanks to, these advances, the management of patients who discontinue
ruxolitinib remains challenging. In this evolving scenario, understanding the prognostic impact of

differential second-line therapies is relevant for improving outcomes.



To address this issue, we report the findings from a retrospective cohort of 397 MF patients
who discontinued ruxolitinib in chronic phase, with a particular focus on the impact of subsequent

therapies on survival.

The study cohort was extracted from the “RUX-MF” (NCT06516406) study, which now
includes 1055 MF patients treated with ruxolitinib in a real-life setting, as previously described.
Baseline characteristics, clinical and laboratory parameters at ruxolitinib initiation and
discontinuation, and details of subsequent treatments were recorded. Only the patients who were
in chronic phase and who received a second-line therapy within one year from ruxolitinib
discontinuation were included. This specified time frame was intended to minimize variability in
disease progression and treatment patterns, thereby facilitating more accurate assessment of

therapeutic outcomes and prognostic factors within a consistent clinical context.

Second-line therapies were grouped into three groups: conventional therapy (CT), novel
therapy (NT), and allogeneic stem cell transplantation (ASCT). Specifically, CT included all therapies
that were commercially available and/or standard clinical practice at the time of ruxolitinib
discontinuation, namely: hydroxyurea, steroids, danazol, busulfan, ruxolitinib-rechallenge,
splenectomy, interferon and red blood cell/platelets transfusions. In order not to include patients in
whom ruxolitinib discontinuation was only temporary, the minimum interval between withdrawal
and restart of ruxolitinib was 3 months. NT encompassed investigational agents (n.23) and newer
JAKi, including fedratinib (n.34), momelotinib (n.12), and pacritinib (n.2). ASCT was performed in

accordance with the clinical practices of the referring center.

Statistical analyses included Kaplan-Meier survival curve, with delayed-entry considering
different time periods between ruxolitinib discontinuation and second-line therapy start (log-rank

tests).



A propensity score (PS) matching analysis was performed to balance patients who received
conventional therapy or novel therapy. A 1:1 matching was achieved by creating matched sets of
one patient treated with CT and one randomly sampled patient treated with NT (1:1 matching) who
shared a similar PS. The PS was estimated using a logistic regression of exposure to NT on baseline
covariates at the end of ruxolitinib treatment. Matching was performed using the nearest-neighbor
method without replacement and with a caliper of width equal to 0.1 of the pooled standard

deviation of the PS logit.

Tests were 2-sided, and P-values <0.05 were considered significant. Analyses were performed

using STATA/SE software version 18.0 (StataCorp).

As shown in Supplementary Figure 1, the study cohort includes 1055 patients, of whom 272
(25.8%) received a second-line therapy within one year from ruxolitinib failure and represents the

focus of this analysis.

Overall, 119 patients (43.8%) received a CT (mainly, HU: 35.3%; ruxolitinib rechallenge:
20.2%). A NT was administered to 71 patients (26.1%), while 82 (30.1%) patients underwent ASCT
with no prior use of novel agents. In the ASCT cohort, 12 (14.6%) patients underwent to transplant
while in good response. The mean time from ruxolitinib discontinuation and the start of a second-

line therapy was 1.59 months (range: 0-11.2), and it was comparable in CT and NT patients (p=0.15).

Compared to ASCT patients, CT and NT patients showed larger spleen size, lower hemoglobin
levels and older age at ruxolitinib stop. In addition, CT patients had significantly lower platelets count
than NT and ASCT patients. Finally, the use of CT was more frequent in patients who discontinued
ruxolitinib in the period 2014-2019, compared to patients treated from 2020 onwards

(Supplementary Table 1 and Table 1).



At ruxolitinib stop, 59.2% of patients exhibited resistance (lack of spleen response: 31.5% loss
of spleen response: 16.9%, lack of symptom response: 16.5% loss of symptom response: 22.1%),
while 37.9% exhibited intolerance (grade 3-4 anaemia: 18.8%, thrombocytopenia: 16.2%, non-
haematological toxicity: 10.3%). Notably, 20.2% of patients had both criteria of resistance and
intolerance at the time of permanent withdrawal. According to clinical-laboratory characteristics,
the distribution of reasons for discontinuation varied between groups. Resistance was reported in
56.3% of CT patients, 77.46% of NT patients, and 47.6% of ASCT patients (global p-value=0.001). By
Delphi panel consensus study®®, 45.4% of patients experienced a “true” ruxolitinib failure (CT, 49.0%;
NT, 55.7%; ASCT, 31.6%, p=0.004). Intolerance was more frequently observed in the CT group (53.8%)

compared to the NT (26.8%) and ASCT (24.45%) groups (global p-value=0.001).

OS at 3 years was 22.8%, 49.1% and 62.5%, while median OS was 1.5, 2.9 and 7.3 years in CT,
NT and ASCT patients, respectively (Supplementary Figure 2A) (p<0.001). These outcomes were
confirmed after adjustment for age, hemoglobin level, platelet count and spleen length, the four
parameters that were significantly different across the groups (p<0.001) (Supplementary Figure 2B).
Within the NT group, patients treated with new JAKi and those receiving non-JAKi investigational

agents showed comparable OS (3-year OS, JAKi: 50.6%; non-JAKi: 45.4%, p=0.23).

In multivariable Cox analysis including older age, male sex, ruxolitinib dose, hematology
parameters, severity of splenomegaly and symptoms and use of CT, only age >65 years (HR: 2.40,
95%Cl: 1.58-3.65, p<0.001), a cytopenic phenotype, including hemoglobin <10g/dL (HR: 1.35, 95%Cl:
1.03-1.90, p=0.035) and platelet count <100x10°/L (HR: 1.65, 95%Cl: 1.16-2.20, p=0.028), and use of
conventional therapies (HR: 1.62, 95%Cl: 1.11-2.36, p=0.013) remained associated with a worse

prognosis (Supplemental Table 2).



To ensure comparability between patients treated with CT and NT, we also performed a PS
matching analysis. Patient characteristics before and after PS matching are shown in Table 1. Median
OS was 2.91 years (95% Cl: 2.29-4.93) in patients treated with NT compared with 1.78 years (95%
Cl: 1.01-2.42) in patients treated with CT. The 3-year OS was 29.7% (95% Cl: 18.2%—42.2%) for

patients receiving CT and 49.0% (95% Cl: 31.6%—64.4%) for NT patients (p=0.04) (Figure 1).

This study shows that post-ruxolitinib therapeutic strategies have a significant impact on
survival outcomes in patients with myelofibrosis. Most patients rapidly transitioned to second-line
therapies. This indicates how the failure of ruxolitinib therapy represents a significant turning point,
with an urgent need for specific therapeutic interventions. While conventional therapies, such as
hydroxyurea and supportive care, were commonly employed, they provided limited survival benefits
and failed to control disease progression. In contrast, novel therapies and allogeneic stem cell
transplantation demonstrated marked improvements in survival, with ASCT offering the most
favorable outcomes in eligible patients. These results underscore the critical importance of tailoring
treatment approaches to individual patient needs and the clinical phenotype at the time of

ruxolitinib discontinuation.

ASCT remains the only potentially curative option for MF and demonstrated the most
favorable outcomes in the present cohort. However, its optimal timing requires further and collective

clinical research, and its feasibility is constrained by older age and comorbidities.'®*’

Despite the inherent limitations of this study, which are attributable to its observational
nature and the variability in data quality, the database's long-standing history, that started a decade
ago and is characterized by continuous updating and meticulous data verification, along with its
substantial sample size, serves to considerably minimize potential biases, such as the 'center effect'.

While differences in outcomes may result from differences in clinical expertise, patient management



protocols, and resources available at different centers, we observed homogeneous management of
second-line therapies between more and less experienced hematology centers. This finding was
certainly due to the high cooperation level between centers, with patients being referred as needed,
and the large volume of the study, which contributed to more reliable and robust results.
Additionally, the use of the propensity score matching to compare patients receiving CT and NT
allows for the creation of well-balanced cohorts, reducing potential confounding factors and
strengthening the validity of our findings. This approach helps to limit biases intrinsic to
retrospective studies and enhances the reliability of our results in assessing post-ruxolitinib

treatment strategies.

In conclusion, our study highlights the critical importance of selecting effective therapies
following ruxolitinib discontinuation in MF. The availability of second-generation JAK2 inhibitors and
the development of emerging therapies provide hope for further improving outcomes in this high-
risk population. Early referral to specialized centers with access to advanced therapies and clinical

trials is essential to optimize care after ruxolitinib discontinuation.
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Table 1: Characteristics at ruxolitinib discontinuation comparison between Conventional Therapy and Novel

Therapy patients, before and after propensity score matching

Characteristics at ruxolitinib discontinuation

Before 1:1 Propensity Score-Matching

After 1:1 Propensity Score-Matching

(%)

Conventional Therapy Novel Therapy p- Conventional Therapy Novel Therapy
(n. 119) (n. 71) value (n. 62) (n. 62) p-value

Age, median (range), years 73.8 (40.1 —89.6) 70.3 (46.7 — 85.1) 0.03 69.8 (40.1-83.7) 71.5(49.4-85.1) 0.52

Age > 65 years, n. (%) 95 (79.8%) 52 (73.2%) 0.29 44 (71.0%) 47 (75.8%) 0.54
Male Sex, n. (%) 68 (57.1%) 45 (63.4%) 0.40 37 (61.2%) 38 (61.3%) 0.85
High Molecular Risk mutation anytime, n. (%) 17/32 (53.1%) 14/24 (58.3%) 0.70 10/17 (58.8%) 11/19 (57.9%) 0.96
Dose at discontinuation

5-10 BID 81 (68.1%) 43 (60.6%) 0.20 42 (67.7%) 39 (62.9%) 0.56

15-20 BID 38 (31.9%) 28 (39.4%) 20 (32.3%) 23 (37.1%)
Grade of fibrosis (on 56 evaluable)

0-1 2/17 (11.8%) 3/22 (13.6%) 0.86 1/12 (8.3%) 3/19 (15.8%) 0.55

2-3 15/17 (88.2%) 19/22 (86.4%) 11/12 (91.7%) 16/19 (84.2%)
Platelet count, median (range), x 10°/L 92 (3-891) 139.5 (7 — 698) 0.04 112 (4 -891) 138.5 (7 — 656) 0.35

Platelet count < 100 x 10°/L, n. (%) 62 (52.1%) 27 (38.0%) 0.08 31 (50.0%) 25 (40.3%) 0.28
Leukocytes, median (range), x 10°/L 8.9(1.5-118.0) 8.8 (1.0-108) 0.50 7.3(1.5-115.8) 8.8 (1.0—108) 0.60

Leukocytes > 25 x 10°/L, n. (%) 30 (25.9%) 10 (14.1%) 0.07 13 (21.0%) 9 (14.5%) 0.25
Hemoglobin, median (range), g/dL 9.0 (5.7-15) 9.4 (1.6 -14.2) 0.13 8.8 (5.7-15) 9.5(6.4-14.2) 0.19

Hemoglobin < 10 g/dL, n. (%) 81 (68.1%) 42 (59.2%) 0.28 45 (72.6%) 39 (62.9%) 0.22
Blasts, mean (range), % 1.4(0-12) 1.6 (0—-10) 0.23 1.5(0-12) 1.6 (0-10) 0.22

Blasts > 1%, n. (%) 54 (45.4%) 39 (55.0%) 0.26 31 (50.0%) 36 (58.0%) 0.23
Spleen length below costal margin, median (range), cm 11 (0-40) 12 (0-30) 0.57 11 (0-38) 13.5(0-30) 0.38

Spleen length below costal margin > 10 cm, n. (%) 60 (50.4%) 37 (52.1%) 0.85 34 (54.8%) 37 (59.7%) 0.57
Total Symptoms Score, median (range) 18 (0 —100) 17 (0-100) 0.61 18 (0-67) 14 (0 - 100) 0.75

Total Symptoms Score > 20, n. (%), (on 244 evaluable) 50/101 (49.5%) 31/66 (47.0%) 0.75 26/54 (48.2%) 27/59 (45.8%) 0.80
Time on RUX, median (range), years 1.7 (0.2-6.6) 1.9(0.3-8.2) 0.23 1.6 (0.2-6.3) 1.9(0.3-8.2) 0.20
Timg from RUX discontinuation to 2" line therapy start, 2.0(0-11.6) 4.9(0-9.5) 015 3.3(0-11.6) 5.1(0—9.5) 0.27
median (range), months
Treated in a Referral Center*, n. (%) 94 (79.0%) 56 (78.9%) 0.87 51 (82.3%) 49 (79.0%) 0.65
Ruxolitinib discontinuation between 2014 and 2019, n. 104 (87.4%) 54 (76.1%) 0.04 52 (83.9%) 52 (83.9%) 0.99

Table 1: *Referral Center, defined as a center that has contributed to the study with a patient case load of over 30 patients.
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Figure 1: Overall Survival comparison between patients treated with
Conventional Therapies and patients treated with Novel Therapies after

propensity score matching

Overall Survival - PS matching
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Supplementary Figure 1: Patients’ disposition
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Supplementary Table 1: Patients characteristics at ruxolitinib discontinuation comparison between

Conventional Therapy, Novel Therapy and Allogenic Stem Cell Transplant (ASCT) patients

Characteristics at ruxolitinib discontinuation Conventional Therapy Novel Therapy ASCT p-value
(n. 119) (n. 71) (n. 82)
Age, median (range), years 73.8 (40.1 — 89.6) 70.3 (46.7 — 85.1) 57.6 (24.3-70.8) <0.001
Age > 65 years, n. (%) 95 (79.8%) 52 (73.2%) 20 (24.4%) <0.001
Male Sex, n. (%) 68 (57.1%) 45 (63.4%) 52 (63.4%) 0.59
High molecular risk mutation anytime, n. (%) (on 85 evaluable) 17/32 (53.1%) 14/24 (58.3%) 21/29 (72.4%) 0.29
Dose at discontinuation
5-10 BID 81 (68.1%) 43 (60.6%) 35 (42.7%) 0.001
15-20 BID 38 (31.9%) 28 (39.4%) 47 (57.8%)
Grade of fibrosis (on 56 evaluable)
0-1 2/17 (11.8%) 3/22 (13.6%) 1/17 (5.9%) 0.73
2-3 15/17 (88.2%) 19/22 (86.4%) 16/17 (94.1%)
Platelet count, median (range), x 10%/L 92 (3-891) 139.5 (7 — 698) 146.5 (6 — 834) 0.02
Platelet count < 100 x 10°/L, n. (%) 62 (52.1%) 27 (38.0%) 28 (34.1%) 0.03
Leukocytes, median (range), x 10%/L 8.9 (1.5-118.0) 8.8 (1.0-108) 10.3 (2 -100.8) 0.71
Leukocytes > 25 x 10°/1, n. (%) 30 (25.9%) 10 (14.1%) 18 (22.0%) 0.19
Hemoglobin, median (range), g/dL 9.0 (5.7 -15) 9.4 (1.6-14.2) 9.9 (6-—14.3) 0.02
Hemoglobin < 10 g/dL, n. (%) 81 (68.1%) 42 (59.2%) 43 (52.4%) 0.07
Blasts, mean (range), % 1.4 (0-12) 1.6 (0-10) 3.5(0-380) 0.41
Blasts > 1%, n. (%) 54 (45.4%) 39 (55.0%) 36 (43.9%) 0.39
Spleen length below costal margin, median (range), cm 11 (0-40) 12 (0-30) 7 (0-28) 0.001
Spleen length below costal margin 2 10 cm, n. (%) 60 (50.4%) 37 (52.1%) 27 (32.9%) 0.02
Total Symptoms Score, median (range) 18 (0-100) 17 (0-100) 10 (0-70) 0.1
Total Symptoms Score > 20, n. (%), (on 244 evaluable) 50/101 (49.5%) 31/66 (47.0%) 24/77 (31.3%) 0.07
Time from RUX discontinuation to 2nd line therapy start, median 2.0 (0=11.6) 4.9(0-9.5) 2.3(0-11.2) 0.34
(range), months
Treated in a Referral Center*, n. (%) 94 (79.0%) 56 (78.9%) 70 (85.4%) 0.47
Ruxolitinib discontinuation between 2014 between 2019, n. (%) 104 (87.4%) 54 (76.1%) 70 (85.4%) 0.11

Supplementary Table 1: *Referral Center, defined as a center that has contributed to the study with a patient case load of over 30 patients
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Supplementary Figure 2: Treatment Strategies Impact on Overall Survival
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Supplementary Figure 2: (A) Conventional Therapy vs Novel Therapy vs ASCT after 2nd line therapy start; (B) Estimated Survival Plots of Conventional Therapy vs Novel Therapy vs ASCT after
2nd line therapy start, adjusted for age >65 years, hemoglobin <10 g/dL, spleen length 210 cm BCM and platelet count <100 x109/L at time of ruxolitinib discontinuation. Conventional therapy
included hydroxyurea, steroids, danazol, ruxolitinib rechallenge, and red blood cells transfusions; Novel therapy included investigational agents and newer JAK inhibitors such as fedratinib,
momelotinib, and pacritinib. ASCT: allogenic stem cells transplant.
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Supplementary Figure 3: Kaplan-Meier survival curves comparing patients
receiving JAK inhibitors (JAKi) vs. non-JAK inhibitors investigational (non-

JAKi) agents
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Supplementary Table 2: Univariate and Multivariate Cox Analysis of Risk Factors for Worse Overall Survival
After Discontinuation of Ruxolitinib

Variables at discontinuation

Univariate (HR, 95% Cl, p-value)

Multivariate (HR, 95% Cl, p-value)

Age >65 years

2.87,1.98-4.17, <0.001

2.40, 1.58-3.65, <0.001

Male sex

1.09, 0.79-1.51, 0.59

Dose RUX <15mg BID

1.06,0.77-1.46, 0.73

Grade of fibrosis >2

7.28,0.98-53.70, 0.06

Platelet Count <100x10°/L

1.72, 1.25-2.36, 0.001

1.48,1.04-2.11, 0.028

Leukocytes >25 x 10%/L

1.52, 1.05-2.18, 0.03

1.59, 0.98-2.60, 0.06

Hemoglobin <10 g/dL

1.45, 1.04-2.04, 0.03

1.35, 1.03-1.90, 0.035

Blasts >1%

1.65, 1.18-2.31, 0.004

1.18, 0.71-1.96, 0.52

Spleen length BCM = 10 cm

1.59, 1.16-2.20, 0.004

1.23,0.86-1.75, 0.26

Total Symptoms Score = 20

1.38,0.98-1.93, 0.06

Use of Conventional Therapy

2.50, 1.81-3.46, <0.001

1.62,1.11-2.36, 0.013

Supplementary Table 2: HR, Hazard Ratio; Cl, Confidence of Interval; BID, bis in die; BCM, below costal margin
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