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Abstract

Background: Cytopenia is a common complication in patients with myelofibrosis and

may worsen during treatment with ruxolitinib.

Methods: The RUX‐MF multicenter study evaluated 879 patients treated with

ruxolitinib for at least 6 months, categorizing them into four groups based on the

evolution of cytopenia: never cytopenic, treatment‐emergent cytopenia, persistent

cytopenia, and improved anemia.

Results: At baseline, 40.6% of patients presented with cytopenia, increasing to

57.8% after 6 months. Baseline cytopenia was associated with significantly reduced

median overall survival (OS) compared to noncytopenic patients (3.7 vs. 6.7 years).

Prognosis varied notably across groups: patients who remained noncytopenic had

the median best OS (8.1 years), whereas those with persistent cytopenia had the

worst (3.7 years). Treatment‐emergent cytopenia was linked to intermediate out-

comes (5.1 years), with isolated thrombocytopenia showing the poorest prognosis

(4.3 years) and anemia a slightly better one (6.1 years). Patients with improved

anemia had better survival than those with persistent anemia (5.2 vs. 3.5 years).
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Symptom response mirrored survival trends, with the best outcomes in non-

cytopenic and improved anemia groups.

Conclusions: These findings highlight the prognostic significance of cytopenia dy-

namics during ruxolitinib therapy and support the use of cytopenia trajectory

monitoring as a valuable tool for risk stratification and treatment optimization in

myelofibrosis.
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INTRODUCTION

Myelofibrosis (MF) is a chronic myeloproliferative neoplasm charac-

terized by bone marrow fibrosis, extramedullary hematopoiesis, and a

variable clinical course.1 Cytopenia, mainly anemia and thrombocyto-

penia, are common manifestations of MF, resulting from both disease‐
related bone marrow failure and therapeutic interventions.2–4

Cytopenia at diagnosis remains a recognized adverse prognostic

marker in myelofibrosis, associated with inferior overall survival and

elevated risk of leukemic transformation.5–9

The management of MF has evolved significantly with the

introduction of Janus kinase (JAK) inhibitors, particularly ruxolitinib,

which remains the standard of care for symptomatic, higher‐risk MF.

Ruxolitinib has demonstrated efficacy in reducing splenomegaly and

improving quality of life, but it does not ameliorate cytopenia and, in

some cases, may exacerbate them.10,11

Previous findings further supported that anemia at ruxolitinib

initiation and/or discontinuation may confer increased vulnerability

to disease progression.12–15

The adverse prognostic significance of baseline and of early‐
onset or worsening anemia under ruxolitinib treatment has also

been captured and expanded in dynamic prognostic frameworks such

as RR6 and iRR6, which incorporate transfusion needs and early

hematologic dynamics as pivotal predictors of clinical outcomes.16,17

A recent retrospective real‐world analysis of US Flatiron Health

records showed that, in addition to baseline anemia, the development

of new or worsening anemia during the first 3 months of ruxolitinib

treatment also had a significantly negative impact on survival.18

Nonetheless, the prognostic role of thrombocytopenia was not

evaluated, and the clinical utility of the 12‐week time point for

evaluating cytopenic trajectories remains uncertain, as it may be too

early to guide meaningful clinical decisions. Furthermore, recent data

have highlighted the prognostic significance of hemoglobin

improvement during the first 24 weeks of momelotinib therapy, a

JAK1/JAK2/activin receptor 1 (ACVR1) inhibitor, with improved

overall survival (OS) observed in patients achieving an improvement

in hemoglobin level.19

Given the complex interplay between MF biology, cytopenia

development, and JAK inhibitor therapy, a more nuanced under-

standing of cytopenia trajectories during ruxolitinib treatment is

needed. Specifically, it remains unclear how persistent versus

treatment‐emergent cytopenia, different types of cytopenia (anemia

vs. thrombocytopenia), and hemoglobin improvement in patients with

baseline anemia affect prognosis and symptoms burden over a clin-

ically relevant timeframe.

In this context, we conducted a subanalysis of the RUX‐MF study

(NCT06516406), a large real‐world cohort of patients with MF

treated with ruxolitinib, to provide a comprehensive evaluation of the

prognostic impact of cytopenia, both persistent and treatment‐
emergent, in 879 patients treated for at least 6 months.

Our objectives were to: (1) assess the prognostic impact of

persistent and treatment‐emergent cytopenia during the first 6

months of therapy; (2) compare clinical outcomes between

treatment‐emergent anemia and thrombocytopenia; (3) evaluate the

prognostic significance of hemoglobin improvement in patients pre-

senting with isolated baseline anemia; and (4) assess the impact of

changes in cytopenia status on symptom burden, as measured by the

Myeloproliferative Neoplasm Symptom Assessment Form Total

Symptom Score (MPN‐SAF TSS).20

These findings aim to support risk stratification and guide ther-

apeutic decision‐making in MF patients receiving ruxolitinib.

MATERIALS AND METHODS

Patient population and definitions

This subanalysis of the RUX‐MF study included 879 patients with

myelofibrosis who received ruxolitinib for at least 6 months.

Diagnoses of primary myelofibrosis (PMF) and post‐
polycythemia or essential thrombocythemia myelofibrosis (PPV/

PET‐MF) were made according to 2016 World Health Organization

criteria (WHO) and International Working Group on Myelofibrosis

Research and Treatment (IWG‐MRT) criteria, respectively.21

The risk category was assessed at the time patients started on

ruxolitinib according to the Dynamic International Prognostic Scoring

System (DIPSS; for PMF) or myelofibrosis secondary to PV and ET‐
prognostic model (MYSEC‐PM; for PPV‐ and PET‐MF).5,22 Histolog-

ic examination was performed at local institutions; fibrosis was

graded according to the European Consensus Grading System.23 High
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molecular risk (HMR) pathogenetic mutations were defined as those

including ASXL1, SRSF2, EZH2, IDH1 and IDH2, and U2AF1 in next‐
generation sequencing analysis.24,25 Unfavorable karyotype was

defined according to the DIPSS‐plus classification and included the

presence of a complex karyotype or at least one of the following

abnormalities: +8, −7/7q−, i(17q), −5/5q−, 12p−, inv(3), or 11q23

rearrangements.26 Anemia and thrombocytopenia were defined as

hemoglobin (Hb) <10 g/dL and platelet count (PLT) <100 × 109/L,

respectively.14

MF‐related symptoms were assessed using the 10‐item MPN‐
SAF TSS.20 Symptoms and spleen responses were defined according

to 2013 IWG‐MRT criteria.27

Clinical and hematologic assessments were performed at base-

line (ruxolitinib start) and during follow‐up as part of routine clinical

management; all patients were followed according to standard

practice procedures, regardless of enrollment in the study.

Patients were stratified into four groups: (1) no cytopenia at

baseline and 6 months (“never cytopenic”); (2) no cytopenia at baseline

but development of one or more cytopenia during follow‐up (“treat-

ment‐emergent cytopenia”); (3) cytopenia present at both baseline and

6 months (“persistent cytopenia”); and (4) baseline anemia with Hb >10

g/dL at 6 months, in the absence of concurrent baseline or treatment‐
emergent thrombocytopenia (“improved anemia”).

Ethical aspects

The RUX‐MF study (NCT06516406) was performed in accordance

with the guidelines of the institutional review boards of the partici-

pating centers and the standards of the Helsinki Declaration. The

promoter of this study was the IRCCS Azienda Ospedaliero‐
Universitaria S. Orsola‐Malpighi, Bologna, which obtained approval

from the Area Vasta Emilia Centro Ethics Committee (approval file

number: 048/2022/Oss/AOUBo). The study was approved by the

local ethics committee of participating centers (protocol code: RUX‐
MF) and has no commercial support.

Statistical analysis

Statistical analysis was performed at the biostatistics laboratory of the

myeloproliferative neoplasm unit at the Institute of Hematology “L.

and A. Seràgnoli”, IRCCS Azienda Ospedaliero‐Universitaria di

Bologna.

Descriptive statistics were used to summarize baseline charac-

teristics. Continuous variables were expressed as mean ± standard

deviation or median (range), as appropriate. Categorical variables

were reported as frequencies and percentages. We used the Wil-

coxon Mann‐Whitney rank sum test for comparisons between two

groups, whereas Kruskal‐Wallis equality‐of‐populations rank test

were used for comparison between three or more groups. Associa-

tions between categorical variables (2‐way tables) were tested using

the Fisher exact test or the χ2 test, as appropriate.

Survival analyses were performed in patients who received

ruxolitinib for at least 6 months. OS was estimated using the

Kaplan–Meier method from the start of ruxolitinib therapy to death

or last contact, whichever occurred first, and differences between

groups were evaluated using the log‐rank test. Patients who under-

went allogeneic stem cells transplantation were censored at the time

of the procedure. This approach allowed the evaluation of cytopenia

trajectories during the first 6 months of treatment while minimizing

early discontinuation bias.

Hazard ratios (HRs) were estimated via Cox proportional hazards

regression, along with their 95% confidence intervals (CIs). Multi-

variable Cox proportional hazards models were constructed to

evaluate the independent association between cytopenia trajectory

and overall survival, adjusting for clinically relevant baseline cova-

riates that were unbalanced across groups, specifically: age ≥65

years, status of primary MF (vs. secondary MF), status of overt

myelofibrosis (vs. pre‐fibrotic MF), bone marrow fibrosis ≥3, rux-

olitinib starting dose, hemoglobin level <10 g/dL, leukocytes count

<4 × 109/L, platelets count <100 × 109/L, peripheral blasts ≥1%,

spleen length >10 cm below costal margin, and total symptoms

score >20.

p values associated with HRs from pairwise Cox proportional

hazards models evaluating overall survival, as well as p values derived

from pairwise comparisons of symptom burden at baseline and

symptom response at 6 months across cytopenia trajectory groups,

were adjusted for multiple testing using the Benjamini–Hochberg

false discovery rate procedure.

Tests were two‐sided, and p values <.05 were considered sig-

nificant. Analyses were performed using STATA/SE software version

18.0 (StataCorp).

RESULTS

Patient characteristics and outcome according to
baseline cytopenia

Among the 879 patients treated with ruxolitinib for at least 6

months, 357 patients (40.6%) presented with cytopenia at baseline,

defined as Hb <10 g/dL and/or PLT <100 × 109/L. Specifically, 301

patients (34.2%) had isolated anemia, 32 (3.6%) had isolated throm-

bocytopenia, and 24 (2.7%) had both at ruxolitinib start.

Patients with at least one baseline cytopenia were significantly

older (mean age, 68.6 vs. 65.5 years, p < .001), had a higher preva-

lence of primary MF (58.5% vs. 46.9%, p = .001), higher DIPSS/

MYSEC‐PM risk scores (intermediate‐2: 61.1% vs. 13.8%; high: 22.4%

vs. 0%, p < .001), more elevated peripheral blood blast counts (mean,

1.2% vs. 0.8%, p < .001), and more severe symptom burden (mean

TSS, 28.6 vs. 24.0, p < .001) compared with patients without cyto-

penia (Table S1). In particular, patients with both cytopenia (mean

TSS: 28.2) and those with only anemia (mean TSS: 28.9) had a higher

mean TSS compared to patients with only thrombocytopenia (mean

TSS: 22.6, both p < .001) (Figure S1).
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During a median follow‐up of 45.5 months (range, 6.0–181.2),

441 deaths occurred. Median OS for the entire cohort was 5.75 years

(95% CI, 5.26–6.19).

Patients with at least one cytopenia at baseline had a signifi-

cantly shorter median OS compared to those without (3.7 vs. 6.7

years; HR, 2.11; 95% CI, 1.75–2.54; p < .001) (Figure S2). No survival

differences were detected between patients with anemia only,

thrombocytopenia only and both cytopenia (median OS, 4.05, 3.85,

and 4.41 years, respectively; log‐rank test p = .77).

Outcome according to cytopenia trajectory

After 6 months of ruxolitinib therapy, the proportion of patients

experiencing any form of cytopenia rose from 40.6% at baseline to

57.8% (n = 508).

Based on the evolution of cytopenia during the first 6 months of

treatment, patients were categorized into four distinct groups. Group

1, termed “never cytopenic,” comprised 317 patients (36.1%) who

exhibited no cytopenia at baseline and at the 6‐month time point.

Group 2, called “treatment‐emergent cytopenia,” included 273 pa-

tients (31.1%) who developed at least one new cytopenia during the

first 6 months; of these, 205 were cytopenia‐free at baseline, whereas

68 developed an additional cytopenia. Group 3, labeled “persistent

cytopenia,” consisted of 235 patients (26.7%) with cytopenia present

both at baseline and at 6 months (24 patients with persistent both

cytopenia; 191 with persistent anemia; 20 with persistent thrombo-

cytopenia). Finally, group 4, referred to as “improved anemia,”

encompassed 54 patients (6.1%) who had baseline anemia and ach-

ieved hemoglobin levels >10 g/dL at 6 months, without concurrent

baseline or treatment‐emergent thrombocytopenia. Figure 1 provides

a flow diagram of patient allocation and main outcomes.

Ruxolitinib doses at 6 months differed across the cytopenia tra-

jectory groups (Table S1). Patients who remained never cytopenic

were more likely to maintain higher ruxolitinib doses at 6 months

(mean ruxolitinib dose: 28.7 mg/day ± SD: 9.5), whereas those with

persistent (24.3 mg/day ± SD: 10.9) or treatment‐emergent (22.7

mg/day ± SD: 10.7) cytopenia more frequently required dose re-

ductions (group 1: 32.2% vs. group 2: 40.3% and group 3: 36.2%).

Table 1 resumed principal features according to the four groups

defined above.

The trajectory of cytopenia during the first 6 months of therapy

had a significant impact on OS. Patients in the “never cytopenic”

group had the longest survival, with a median OS of 8.07 years (95%

CI, 7.04–9.29). In patients with treatment‐emergent cytopenia (group

2), the median OS was significantly lower: 5.11 years (95% CI,

4.66–5.84; HR, 2.01; 95% CI, 1.56–2.58; false discovery rate [FDR]‐
adjusted p = .00003). Finally, patients in group 3 (“persistent cyto-

penia”) had the lowest survival, with a median OS of 3.68 years (95%

CI, 3.08–4.41; HR, 2.62; 95% CI, 2.04–3.35; FDR‐adjusted

p = .000008). Kaplan–Meier survival curves for each group are

shown in Figure 2A. After adjustment by unbalanced characteristics,

both treatment‐emergent and persistent cytopenia remained inde-

pendently associated with inferior OS (p < .001) (Figure S3).

Outcome according to the type of treatment‐
emergent cytopenia

Within the treatment‐emergent cytopenia group (n = 273), we

further analyzed outcomes based on the type of cytopenia developed

during the first 6 months of ruxolitinib therapy.

Patients developing anemia alone (n = 149) had a median OS of

6.15 years (95% CI, 5.47–7.15), whereas those with isolated

F I GUR E 1 Flow diagram of patient allocation by cytopenia group and main results. Percentages were calculated on the cohort of patients
treated with ruxolitinib (RUX) for at least 6 months (n = 879).
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TAB L E 1 Patients characteristics at ruxolitinib start based cytopenia evolution at 6 months.

Never cytopenic (n
= 317)

Treatment‐emergent
cytopenia (n = 273)

Persistent cytopenia
(n = 235)

Improved anemia
(n = 54) p

Age, mean (±SD), years 63.9 (10.9) 68.5 (10.0) 68.7 (9.0) 66.6 (11.1) <.001

≥65 years, No. (%) 168 (53.0) 188 (68.9) 163 (69.4) 34 (63.0) <.001

Male sex, No. (%) 187 (59.0) 150 (55.0) 127 (54.0) 32 (59.3) .61

Primary myelofibrosis, No. (%) 143 (45.1) 148 (54.2) 134 (57.0) 27 (50.0) .03

Overt myelofibrosis, No. (%) 139/205 (67.8) 149/183 (81.4) 127/153 (83.0) 29/37 (78.4) .002

Bone marrow fibrosis ≥3, No. (%) 74 (23.3) 102 (37.4) 95 (40.4) 21 (38.9) <.001

RUX starting dose, No. (%) <.001

5 mg bid 19 (6.0) 45 (16.5) 53 (22.6) 7 (13.0)

10 mg bid 72 (22.7) 63 (23.1) 41 (17.4) 17 (31.5)

15 mg bid 61 (19.2) 72 (26.3) 60 (25.5) 12 (22.2)

20 mg bid 165 (52.1) 93 (34.1) 81 (34.5) 18 (33.3)

Driver mutation, No. (%) .12

JAK2V617F 257 (83.4) 209 (79.2) 159 (72.6) 39 (73.6)

CALR 33 (10.7) 36 (13.6) 35 (16.0) 8 (15.0)

MPL 5 (1.6) 8 (3.0) 6 (2.7) 3 (5.7)

Triple‐negative 13 (4.2) 11 (4.2) 19 (8.7) 3 (5.7)

Presence of HMR mutation, No. (%) 43/99 (43.4) 33/66 (50.0) 32/51 (62.8) 16/22 (72.7) .03

Unfavorable karyotype, No. (%) 10/197 (5.1) 12/148 (8.1) 14/124 (11.3) 3/32 (8.6) .24

Hemoglobin, mean (±SD), g/dL 13.0 (1.7) 11.2 (1.8) 9.1 (1.5) 9.5 (1.2) <.001

<10 g/dL, No. (%) 0 52 (19.1) 207 (88.1) 54 (100.0) <.001

Transfusion‐dependence, No. (%) 0 22 (8.1) 113 (48.1) 13 (24.1) <.001

Leukocytes count, mean (±SD), ×109/L 16.0 (11.0) 14.9 (12.6) 14.9 (15.8) 16.4 (14.8) <.001

<4 × 109/L, No. (%)a 12 (3.8) 23 (8.4) 30 (12.8) 7 (13.0) .001

Platelets count, mean (±SD), ×109/L 402 (231) 298 (231) 324 (262) 349 (259) <.001

<100 × 109/L, No. (%) 0 12 (4.4) 44 (18.7) 0 <.001

Peripheral blasts, mean (±SD), % 0.7 (1.2) 1.0 (1.8) 1.2 (1.7) 0.9 (1.4) .002

≥1%, No. (%) 92 (29.0) 103 (37.7) 106 (45.1) 19 (35.2) .003

Spleen length, mean (±SD), cm BCM 9.9 (6.3) 11.3 (6.6) 11.0 (6.3) 11.3 (6.9) .02

>10 cm BCM, No. (%) 114 (36.0) 132 (48.4) 110 (46.8) 28 (51.9) .006

TSS, mean (±SD) 23.0 (17.4) 26.8 (17.7) 27.1 (19.1) 35.3 (21.8) <.001

>20, No. (%) 163 (51.4) 155 (56.8) 144 (61.3) 40 (74.1) .001

DIPSS/MYSEC‐PM risk score, No. (%) <.001

Intermediate‐1 277 (87.4) 190 (69.6) 39 (16.6) 11 (20.4)

Intermediate‐2 40 (12.6) 71 (26.0) 142 (60.4) 35 (64.8)

High 0 12 (4.4) 54 (23.0) 8 (14.8)

Time from MF diagnosis to RUX start,

mean (±SD), years

2.6 (4.5) 3.3 (4.6) 3.3 (4.9) 1.9 (2.4) .01

>1 year, No. (%) 132 (41.6) 136 (49.8) 130 (55.3) 25 (46.3) .01

>2 years, No. (%) 108 (34.1) 112 (41.0) 99 (42.1) 17 (31.5) .12

(Continues)
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thrombocytopenia (n = 94) had a shorter median OS (4.33 years; 95%

CI, 3.29–5.06; HR, 1.65; 95% CI, 1.15–2.34; FDR‐adjusted p = .008).

Patients developing both cytopenia (n = 30) had a median OS of 5.11

years (95% CI, 2.67–6.20), comparable to patients with treatment‐
emergent thrombocytopenia but significantly shorter than patients

with treatment‐emergent anemia alone (HR, 1.43; 95% CI, 1.07–2.30,

FDR‐adjusted p = .0114).

Compared with never cytopenia patients, treatment‐emergent

anemia conferred an intermediate prognosis (HR, 1.63; 95% CI,

1.19–2.22; FDR‐adjusted p = .0032), whereas treatment‐emergent

thrombocytopenia (HR, 2.51; 95% CI, 1.82–3.47; p < .001) and con-

current treatment‐emergent anemia and thrombocytopenia (HR,

2.17; 95% CI, 1.34–3.51; FDR‐adjusted p = .0032) were associated

with the poorest outcomes (Figure 2B). This was confirmed after

adjustment by unbalanced characteristics (p < .001) (Figure S4).

Outcome according to hemoglobin improvement

Overall, 301 patients presented baseline anemia only. Among these,

54 (17.9%) patients achieved Hb >10 g/dL at 6 months without

treatment‐emergent thrombocytopenia (“improved anemia” group).

These patients had a median OS of 5.18 years (95% CI, 3.07–9.25),

significantly longer compared to 3.47 years (95% CI, 2.95–4.42) for

those with persistent anemia (HR, 1.46; 95% CI, 1.01–2.12; FDR‐
adjusted p = .043) (Figure 3).

Correlation between cytopenia and symptoms burden

The evolution of cytopenia during the first 6 months of ruxolitinib

therapy was associated with significant changes in symptom

burden.

At baseline, group 4 showed the higher symptoms burden (mean

MPN‐SAF TSS: 35.3, SD: 21.8), compared to the other three groups

(group 3: 27.1, FDR‐adjusted p = .005; group 2: 26.8, FDR‐adjusted

p = .006; and group 1: 23.0, FDR‐adjusted p = .003).

During the first 6 months of ruxolitinib treatment, group 1 and

group 4 showed higher symptom response rates (67.0% and 68.0%,

respectively). After adjustment for multiple testing, a significantly

higher response rate was confirmed for group 1 compared with group

3 (FDR‐adjusted p = .004), whereas differences involving groups 2

T A B L E 1 (Continued)

Never cytopenic (n
= 317)

Treatment‐emergent
cytopenia (n = 273)

Persistent cytopenia

(n = 235)

Improved anemia

(n = 54) p

Spleen responseb, No. (%) 71/269 (26.4) 58/230 (25.2) 39/196 (19.9) 10/33 (30.3) .33

Allogeneic stem cells transplant during

follow‐up, No. (%)

30 (9.5) 26 (9.5) 23 (9.8) 6 (11.1) .98

Abbreviations: BCM, below costal margin; bid, twice daily; DIPSS, Dynamic International Prognostic Scoring System; HMR, high molecular risk; MF,

myelofibrosis; MYSEC‐PM, myelofibrosis secondary to PV and ET‐prognostic model; RUX, ruxolitinib; SD, standard deviation; TSS, total symptoms

score.
aNo one with neutropenia.
bSpleen response was defined according to International Working Group‐Myeloproliferative Neoplasms Research and Treatment criteria.

F I GUR E 2 Kaplan–Meier curves for overall survival by (A) cytopenia trajectory and by (B) type of treatment‐emergent cytopenia.
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and 4 did not retain statistical significance (Figure 4A; Table S4).

Consistent with these responses, groups 4 and 1 exhibited the

highest mean percentage decrease in MPN‐SAF TSS, with mean re-

ductions of –63.5% and –57.8%, respectively. Groups 2 and 3 showed

lower mean reductions of –49.3% and –44.4%, respectively

(Figure 4B).

In addition, the improved anemia group showed a statistically

significant lower symptoms burden (mean TSS: 14.3, SD: 19.9)

compared directly with patients with persistent anemia at 6 months

(mean TSS: 16.4, SD: 19.6, p = .03).

DISCUSSION

In this cohort, the prevalence of cytopenia rose markedly during

ruxolitinib treatment, from 40.6% at baseline to 57.8% at 6 months.

This notable increase reflects, on one hand, the myelosuppressive

properties of ruxolitinib and, on the other hand, may serve as an

indicator of limited marrow reserve and/or biologically more

aggressive disease, predisposing to early hematologic toxicity.F I GUR E 3 Overall survival by hemoglobin improvement at 6
months.

F I GUR E 4 (A) Symptoms’ response at 6 months and (B) mean MPN‐SAF TSS and percentage variation between baseline and 6 months

after ruxolitinib across the four groups. SyR30 symptoms’ response rate defined as a reduction of at least 30% respect TSS at baseline; SyR50,
symptoms’ response rate defined as a reduction of at least 50% respect TSS at baseline. CI indicates confidence interval; MPN‐SAF,
myeloproliferative neoplasm symptom assessment form; TSS, total symptom score.
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Crucially, both persistent and treatment‐emergent cytopenia

during the first 6 months of therapy were independently associated

with a doubling of the risk of death compared to patients who

remained cytopenia‐free.

This observation aligns with prior evidence indicating that ane-

mia at ruxolitinib initiation, and its early worsening within the first 3

months, predicts poorer clinical outcomes.18,28–30 Our study extends

these findings by demonstrating that not only baseline cytopenia, but

also the development of new cytopenia over a longer treatment

window of 6 months, holds substantial prognostic relevance. The 6‐
month mark represents a more clinically actionable time point,

enabling appropriate dose optimization and implementation of sup-

portive measures, while minimizing premature treatment discontin-

uation or undue concern. These results underscore the evolving

nature of hematologic risk during ruxolitinib therapy and reinforce

the importance of continued blood count surveillance.

Among the different cytopenic profiles, treatment‐emergent

thrombocytopenia, either isolated or in combination with anemia,

was identified as the most adverse prognostic feature. This obser-

vation is particularly relevant, as thrombocytopenia has been less

emphasized than anemia in prior prognostic models and treatment

goals. Our results suggest that platelet count trajectories during

ruxolitinib therapy should be closely monitored and considered in

risk stratification, potentially informing the need for alternative

therapies.

Interestingly, recovery from anemia without concurrent throm-

bocytopenia was uncommon but was associated with improved sur-

vival compared to patients with persistent anemia. Nonetheless,

overall survival in this subgroup was comparable to that of patients

who developed treatment‐emergent cytopenia, indicating that

baseline anemia retains its adverse prognostic significance even

when hematologic improvement is achieved. These findings suggest

that a hemoglobin improvement, although beneficial, may reflect

partial disease control rather than complete mitigation of the un-

derlying adverse biology. Our results are consistent with recent

findings from the SIMPLIFY‐1 and SIMPLIFY‐2 study, where

achieving Hb >10 g/dL with momelotinib at 6 months was associated

with improved survival.31

Beyond its association with improved survival, the recovery of

hemoglobin levels during ruxolitinib therapy also appeared to parallel

a meaningful amelioration of symptom burden. Patients achieving

hemoglobin improvement, despite entering treatment with the most

severe baseline symptoms, experienced a substantially higher rate of

symptom response at 6 months (68.0%) compared with those with

persistent (52.3%) or treatment‐emergent cytopenia (57.5%). This

observation suggests that erythroid recovery may not only reflect

improved marrow function but also translate into a tangible

enhancement in patient well‐being. From a clinical perspective, these

findings emphasize how correcting anemia can improve patients'

overall quality of life, a dimension that is often profoundly impaired in

myelofibrosis.32,33 The parallel improvement in hematologic and

symptomatic domains highlights the multidimensional benefit of

effective JAK inhibition, reinforcing the importance of monitoring

patient‐reported outcomes as complementary measures of treatment

efficacy.34,35

Furthermore, patients who remained cytopenia‐free throughout

the first 6 months of therapy had the most favorable prognosis, with

a median OS exceeding 8 years. This finding identifies a subset of MF

patients who derive the greatest benefit from ruxolitinib and may

guide positive expectations for long‐term outcomes. Conversely,

baseline cytopenia, as well as the early development or persistence of

cytopenia, may serve as an early warning sign of suboptimal response

or disease progression, warranting consideration of alternative front‐
line therapeutic strategies and closer surveillance.

We acknowledge several limitations of this study, including its

retrospective design, the variable quality and completeness of data,

and the absence of standardized patient management across

participating centers, all of which may have influenced survival out-

comes. In particular, the use of erythropoiesis‐stimulating agents

(ESAs) was not standardized and likely varied according to physician

experience and local policies. For this reason, the use of ESAs was not

included in multivariable models, as information on timing and

duration of ESA exposure was not uniformly available, precluding a

reliable time‐dependent analysis. A further limitation of this study is

the incomplete availability of cytogenetic and molecular data. This is

in line with real‐world clinical workflows, which implement next‐
generation sequencing and comprehensive cytogenetic assessment

only in a subset of cases. Future studies, ideally with a prospective

design, will be needed to integrate detailed molecular, cytogenetic,

and supportive care data, including the timing and duration of

erythropoiesis‐stimulating agent use.

Nonetheless, these findings extend and refine current under-

standing of cytopenia dynamics during ruxolitinib therapy and their

implications for patient outcomes, symptoms burden, and quality of

life.
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