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Abstract

Background: Anemia is frequently present in patients with myelofibrosis (MF), and it

may be exacerbated by treatment with the JAK2‐inhibitor ruxolitinib (RUX).

Recently, a relevant blast phase (BP) incidence has been reported in anemic MF

patients unexposed to RUX.

Methods: The authors investigated the incidence of BP in 886 RUX‐treated MF

patients, included in the “RUX‐MF” retrospective study.

Results: The BP incidence rate ratio (IRR) was 3.74 per 100 patient‐years (3.74 %p‐
y). At therapy start, Common Terminology Criteria for Adverse Events grade 3‐4
anemia (hemoglobin [Hb] <8 g/dL) and severe sex/severity‐adjusted anemia (Hb

<8/<9 g/dL in women/men) were present in 22.5% and 25% patients, respectively.

IRR of BP was 2.34 in patients with no baseline anemia and reached respectively

4.22, 4.89, and 4.93 %p‐y in patients with grade 1, 2, and 3–4 anemia. Considering

the sex/severity‐adjusted Hb thresholds, IRR of BP was 2.85, 4.97, and 4.89 %p‐y in
patients with mild/no anemia, moderate, and severe anemia. Transfusion‐dependent
patients had the highest IRR (5.03 %p‐y). Progression‐free survival at 5 years was
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70%, 52%, 43%, and 27% in patients with no, grade 1, 2, and 3–4 anemia, respec-

tively (p < .001). At 6 months, 260 of 289 patients with no baseline anemia were

receiving ruxolitinib, and 9.2% had developed a grade 3–4 anemia. By 6‐month
landmark analysis, BP‐free survival was significantly worse in patients acquiring

grade 3–4 anemia (69.3% vs. 88.1% at 5 years, p < .001).

Conclusions: This study highlights that anemia correlates with an increased risk of

evolution into BP, both when present at baseline and when acquired during RUX

monotherapy. Innovative anemia therapies and disease‐modifying agents are war-

ranted in these patients.
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INTRODUCTION

Myelofibrosis (MF) is the most severe among the classical

Philadelphia‐negative myeloproliferative neoplasm (MPN), which

may present de novo (primary myelofibrosis [PMF]) or secondary to

essential thrombocythemia/polycythemia vera (PET/PPV‐MF,

SMF).1,2 It is clinically characterized by splenomegaly, systemic

symptoms, and progressive cytopenias. MF is burdened by severely

impaired quality of life, increased risk of progression into blast phase

(BP), and overall reduced survival expectation.3

Anemia is present at diagnosis in approximately 35%–40% of

cases at diagnosis and its prevalence increases over time, affecting

virtually all patients along with the natural progression of MF.4,5

Anemia has a profound impact on quality of life and is one of the

major contributors to worse prognosis in all the models that are

currently used in PMF and in SMF.6–10 Anemia has also been listed

among factors that are associated with an increased risk of BP pro-

gression in patients with PMF.11

Very recently, a relevant incidence of BP in anemic MF patients

has been observed within a data set of 1752 MF subjects largely

unexposed to ruxolitinib (RUX), the first‐in‐class JAK2 inhibitor (JAKi)

approved for the treatment of MF‐related splenomegaly and

symptoms.12

It is acknowledged that both RUX and fedratinib, which is the

second JAKi approved in MF, are burdened by significant hemato-

logical toxicity due to on‐target inhibition of the JAK‐STAT signaling,

with 30%–45% of patients experiencing grade 3–4 anemia.13–15

Although RUX‐induced anemia was not found to correlate with

reduced survival,16 information on the role of baseline and acquired

anemia on BP progression in patients treated with RUX is currently

limited.

In this study, we reported the incidence of BP according to

anemia severity in a large real‐world cohort of PMF and SMF pa-

tients, homogeneously treated with RUX. This could serve as a

reference for assessing BP occurrence in populations of MF patients

with splenomegaly and symptoms receiving treatments alternative to

RUX monotherapy in the front‐line setting.

MATERIALS AND METHODS

Patients and study design

After institutional review board approval, the “RUX‐MF” retro-

spective study collected 886 MF patients who received RUX

outside clinical trials in 26 hematology centers that are dedicated

to the treatment of MF. All patients were in chronic phase at RUX

start.

The list of the participating centers is available in Supporting

Information S1: Appendix. All centers were asked to report, in an

electronic case report form, their consecutive MF patients who

received RUX according to standard clinical practice. The total

number of medical files was reported by each center by data input

into an electronic database developed to record all study data after

the de‐identification of the patients with an alphanumeric code to

protect personal privacy. Data collected included patient de-

mographics, comorbidities, medications, clinical/laboratory tests at

diagnosis and during follow‐up, date of RUX start and stop, type of

MF therapies before and after RUX, duration of RUX treatment, and

adverse events during the treatment. Any treatment decision,

including starting RUX doses and dose adjustments over time, was at

the physician’s discretion, based on patients’ characteristics and in-

dependent from participation to this study. After the first data entry,

the follow‐up information was validated with revision of clinical data,
and specific queries were addressed to the participating center in

case of inconsistent data.

All patients were followed from 2013 until death or to data

cutoff (June 28, 2022).

Definitions

Diagnoses of PMF and SMF were made according to 2016 World

Health Organization criteria (WHO) and International Working

Group on Myelofibrosis Research and Treatment (IWG‐MRT) criteria,

respectively.17,18
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The risk category was assessed at the time patients started on

RUX according to the Dynamic International Prognostic Score Sys-

tem (DIPSS).10 Histologic examination was performed at local in-

stitutions; fibrosis was graded according to the European Consensus

Grading System.19 Unfavorable karyotype was categorized as previ-

ously described.20 Triple‐negative patients had no mutations in the

three driver genes (JAK2, CALR, and MPL). Evolution to BP was

defined by leukemic blast cells being at least 20% in peripheral blood

or bone marrow according to WHO criteria.17 MF‐related symptoms
were assessed using the 10‐item Myeloproliferative Neoplasm

Symptom Assessment Form Total Symptom Score (MPN10‐TSS).21

Spleen and symptoms responses were routinely assessed by palpa-

tion and by periodical TSS evaluation, according to 2013 IWG‐MRT

criteria.22

Anemia was graded according to Common Terminology Criteria

for Adverse Events (CTCAE) grading23: grade 3–4 anemia corre-

sponded to hemoglobin (Hb) <8 g/dL, grade 2 anemia to Hb 8–10 g/

dL, whereas grade 1 (Hb >10 g/dL) anemia was grouped together

with normal Hb values. Anemia was graded considering the sex‐ and
severity‐adjusted Hb thresholds,24 including severe anemia (Hb <8 g/
dL in women and <9 g/dL in men), moderate anemia (Hb 8–9.9 g/dL

in women and 9–10.9 g/dL in men), and mild/no anemia (Hb values

higher than those defining moderate anemia). Red blood cell trans-

fusion dependence (RBC‐TD) was defined as having received at least
four RBC units in the previous 12 weeks.18 RBC transfusion

requirement (RBC‐TR) was defined as any RBC transfusion need not

meeting the criteria for RBC‐TD.

Ethical aspects

The RUX‐MF study was performed in accordance with the guidelines

of the institutional review boards of the participating 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 partici-

pating centers (protocol code: RUX‐MF) and has no commercial

support.

Statistical analysis

Statistical analysis was performed at the biostatistics laboratory of

the MPN Unit at the Institute of Hematology “L. and A. Seràgnoli”,

IRCCS Azienda Ospedaliero‐Universitaria di Bologna.
Continuous variables have been summarized by their median and

range, and categorical variables by count and relative frequency (%)

of each category. Comparisons of quantitative variables between

anemia groups were performed by Wilcoxon‐Mann‐Whitney rank‐
sum test whereas association between categorical variables was

tested by the χ2 test.

Blast phase free survival (BP‐FS) and progression‐free survival

(PFS) were calculated by Kaplan–Meier curves from the date of RUX

start to the date of BP or last contact (BP‐FS) or to the date of BP,

death, or last contact (PFS), whichever came first.

Patients who underwent allogeneic stem cell transplant (ASCT)

were censored at the time of transplant.

To assess factors associated with BP, the following baseline

variables selected on the basis of clinical plausibility, have been

explored using a logistic regression model: (1) anemia degree by

CTCAE e by sex‐adjusted anemia level; (2) platelet count

(PLT) <100 � 109/L; (3) white blood cells (WBC) count >15 � 109/L;

(4) peripheral blasts >1%; (5) age >70 years; and (6) TSS ≥20.
Pearson’s correlation test was performed to investigate a relation-

ship between these factors.

A log‐rank test was applied to compare survival times among the
different anemia‐grade classes. By univariate Cox proportional haz-

ards models, we evaluated associations between BP‐FS and severity

of anemia by CTCAE grade and sex‐adjusted anemia level. Compar-

isons between BP‐FS and PFS across anemia categories were also

analyzed by univariate Cox proportional hazards models with

adjustment for the DIPSS score at RUX start.

To assess factors associated with BP in patients who were not

anemic at RUX start, the following variables, evaluated after

6 months of RUX therapy, have been explored using a logistic

regression model: (1) acquired grade 3–4 anemia; (2) lack of spleen

response; (3) decrease of platelet count to <100 � 109/L in patients

with >200 � 109/L platelet count at baseline; and (4) increase of

symptoms burden to TSS ≥20 in patients with TSS <20 at baseline.

A Poisson regression model was applied to calculate the inci-

dence rate ratio (IRR) of BP within 10 years of follow‐up, together
with 95% confidence interval (CI). The IRR was described as the

number of events per 100 patient‐years (%p‐y).
For all tested hypotheses, two‐tailed p values <.05 were

considered significant. Statistical analyses were performed using

STATA Software, 15.1 (StataCorp LP, College Station, Texas).

RESULTS

Patient characteristics

Table 1 reports the main features and follow‐up events of the 886

patients included in this study, overall and distinguished by anemia

presence and degree at RUX start.

RUX was started after a median of 1.07 years (range, 0–32.9)

from MF diagnosis. Median duration of RUX treatment was 2.4 years

(range, 0.1–12.4), and median follow‐up time was 3.1 years (range,

0.1–12.4).

At RUX start, 597 (67.4%) patients had anemia, which was

CTCAE grade 3–4 in 199 (22.5%) patients, grade 2 in 152 (17.2%)

patients, and grade 1 in 246 (27.8%) patients. A total of 289 patients

had no anemia (32.6%). Considering sex‐adjusted anemia, 222 (25%)

patients had severe, 206 (23.3%) patients had moderate, and 458
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(51.7%) patients had mild/no anemia. Overall, 90 patients (10.2%)

were RBC transfusion‐dependent and 98 (11.1%) additional patients

had RBC transfusion requirement. Anemia was more frequent and

severe in overt‐PMF patients compared to early‐PMF and PPV/PET‐

MF (p < .0001). Patients with grade 3–4 anemia were also older and

presented lower leukocyte and platelet count, higher peripheral blast

count, and greater symptoms burden. Anemia was also associated

with higher DIPSS category at RUX start and to triple negativity.

TAB L E 1 Main features at RUX start and follow‐up events of 886 RUX‐treated myelofibrosis patients overall and stratified by anemia
degree according to the CTCAE classification.

Total

CTCAE Hb classification

p
No anemia

(Hb >12 g/dL)

Grade 1 anemia
(Hb 10–11.9

g/dL)

Grade 2 anemia

(Hb 8–9.9 g/dL)

Grade 3–4
anemia

(Hb <8 g/dL)

Patients, No. (%) 886 (100) 289 (32.5) 246 (27.8) 152 (17.2) 199 (22.5)

PMF diagnosis <.001

Pre‐PMF, No. (% on 425 evaluable) 113 (26.6) 53 (19.0) 22 (9.4) 14 (10.5) 24 (12.6)

Overt‐PMF, No. (% on 425 evaluable) 312 (73.4) 70 (25.1) 94 (40.3) 50 (33.8) 98 (51.3)

SMF diagnosis <.001

PET‐MF, No. (% on 411 evaluable) 187 (45.5) 39 (14.0) 64 (27.5) 41 (30.8) 43 (22.5)

PPV‐MF, No. (% on 411 evaluable) 224 (54.5) 117 (41.9) 53 (22.8) 28 (21.1) 26 (13.6)

Driver mutations, No. (%) .03

JAK2 650 (81) 322 (49.5) 169 (26.0) 116 (17.8) 43 (6.6)

CALR 100 (12.4) 31 (31.0) 45 (45.0) 19 (19.0) 5 (5.0)

MPL 19 (2.4) 3 (15.8) 9 (47.4) 6 (31.6) 1 (5.2)

Triple negative 34 (4.2) 11 (32.4) 7 (20.6) 12 (35.2) 4 (11.8)

Median age, years (range) 68.4 (24–89) 65.89 (24–88.2) 69.4 (33.5–88) 68.2 (39.4–84.8) 71.1 (41–89) <.001

Male sex, No. (%) 511 (57.7) 167 (57.8) 146 (59.4) 79 (52) 119 (59.8) .44

Palpable spleen, No. (% on 878 evaluable) 845 (96.2) 273 (97.1) 238 (97.1) 142 (94.0) 192 (98) .20

Median cm BLCM (range) 11 (0–35) 10 (0–35) 10 (0–35) 9 (0–27) 11 (0–31) .13

TSS >20, No. (%) 516 (61.8) 164 (58.2) 125 (56.1) 80 (55.9) 147 (78.6) <.001

Median % of peripheral blasts (range) 1 (0–0) 0.7 (0–9) 1.1 (0–9) 1.0 (0–9) 1.1 (0–9) .002

Median WBC count, �109/L (range) 11.32 (1.1–55) 13.8 (1.1–55) 12 (1.46–92.5) 9.02 (1.8–86.27) 8.77 (1.29–92.3) <.001

Median PLT count, �109/L (range) 257 (14–1887) 301 (36–1345) 279 (32.9–1632) 222.5 (54–1400) 205 (14–1887) .001

PLT <100 � 109/L, No. (%) 93 (10.5) 17 (5.9) 28 (11.4) 14 (9.2) 34 (17.1)

DIPSS score, No. (%)

Low‐intermediate 1 risk 456 (51.5) 236 (81.7) 158 (64.2) 30 (19.7) 32 (16.1) <.001

Intermediate 2‐ high risk 430 (48.5) 53 (18.3) 88 (35.7) 122 (80.3) 167 (83.9) .08

Median years from diagnosis to RUX (range) 1.07 (0–32.85) 0.79 (0–24) 1.34 (0–32.9) 1.47 (0–21.3) 1.36 (0–31.7)

Median RUX duration, years (range) 2.4 (0–12.4) 3.18 (0.04–12.4) 2.49 (0–9.6) 1.92 (0–9.4) 1.73 (0.03–9.8) <.001

ASCT, No. (%) 74 (8.5%) 24 (8.4%) 20 (8.3%) 13 (8.7%) 17 (8.6%) .99

Median follow‐up from RUX start, years

(range)

3.1 (0–12.4) 3.7 (0.06–12.4) 3.3 (0–9.63) 2.9 (0–9.4) 2.3 (0.3–9.8) <.001

Deaths, No. (%) 414 (46.8) 90 (31.3) 112 (45.5) 81 (53.6) 131 (65.8) <.001

Median years from RUX start to BP (range) 1.9 (0.1–8.2) 2.06 (0.3–8.2) 2.14 (0.1–6.9) 1.93 (0.3–6.8) 1.59 (0.2–6.5) .66

Abbreviations: ASCT, allogeneic stem cells transplant; BLCM, below left costal margine; BP, blast phase; CTCAE, Common Terminology Criteria for

Adverse Events; DIPSS, Dynamic International Prognostic Score System; Hb, hemoglobin; MF, myelofibrosis; overt‐PMF, overt‐primary myelofibrosis;
PET‐MF, post‐essential thrombocythemia myelofibrosis; PLT, platelets; PPV‐MF, post‐polycythemia vera myelofibrosis; pre‐PMF, prefibrotic‐primary
myelofibrosis; RUX, ruxolitinib; TSS, total symptoms score; WBC, white blood cells.
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Overall, ASCT was performed in 74 (8.5%) patients, with no

significant differences related to Hb values at baseline. A total of 414

(46.8%) patients died; the percentage of deaths increased along with

the severity of baseline anemia (p < .001).

Blast phase and PFS per anemia grade at RUX start

Table 2 reports prevalence and incidence of BP transformation by

the presence and the degree of anemia at RUX start.

BP evolution was reported in 117 (13.2%) patients, after a me-

dian time of 18.5 years (range, 0.13–36.8) from MF diagnosis and of

1.9 years (range, 0.1–8.2) from RUX start.

The global IRR of BP was 3.74 %p‐y.
The IRR of BP was 2.34 %p‐y in patients with no anemia and

reached respectively 4.22, 4.89, and 4.93 %p‐y in patients with

CTCAE grade 1 (G1), grade 2 (G2), and grade 3–4 (G3–4) anemia.

Significant differences in IRR of BP were noted between patients

with no anemia and patients with grade 1 (p = .02), grade 2 (p = .009),

and grade 3–4 (p = .006) anemia. No differences were noted between

patients belonging to higher anemia grade categories (Table S1).

In patients with RBC‐TD, the IRR of BP was the highest (5.03 %p‐
y). In univariate Cox model, HR for BP‐free survival was 1.54 (95% CI,

0.97–2.45; p = .066) in case of CTCAE grade 2 and 1.52 (95% CI,

1.32–3.68; p = .065) for grade 3–4 anemia, compared to patients with

baseline grade 1 or no anemia.

Considering the sex‐ and severity‐adjusted Hb thresholds, BP

incidence was 2.85 p‐y, 4.97 %p‐y, and 4.89 %p‐y in patients with

mild/no anemia, moderate, and severe anemia, respectively.

Comparably to what observed considering CTCAE grades of anemia,

only patients with mild/no anemia had significantly lower IRR of BP

compared to patients with moderate (p = .001) or severe (p = .02)

anemia, whereas no difference was noted between patients with

moderate anemia versus severe anemia (p = .95) (Table S1).

In univariate regression model, PLT <100 � 109/L (OR, 2.12;

95% CI, 1.25–3.60; p = .006) and anemia (OR, 1.63; 95% CI, 1.04–

2.56; p = .033) were associated with higher probability of BP evo-

lution. PLT <100 � 109/L was highly correlated with anemia by using

the Pearson test (p = .006). Therefore, anemia was retained as the

only factor associated with BP‐FS.
In univariate Cox model, HR for BP‐free survival was 1.70 (95%

CI, 1.1–2.63; p = .016) for moderate and 1.28 (95% CI, 1.02–1.6;

p = .03) for severe anemia, compared to patients with baseline mild/

no anemia.

Figure 1 shows that BP‐FS was significantly associated with the

presence and severity of anemia at RUX start, both considering the

CTCAE (Figure 1A) and the sex‐ and severity‐adjusted anemia classi-
fication (Figure 1B). More specifically, BP‐FS at 5 years was 89%, 81%,
82%, and 78%at 5 years in patientswith no, grade 1, grade2, and grade

3–4 anemia, respectively (p = .02). BP‐FS at 5 years was respectively
86%, 79%, and 78% in patients with no/mild anemia, moderate, and

severe anemia considering sex‐adjusted anemia thresholds (p = .02).

After adjustment for DIPSS score, both CTCAE‐defined anemia

and sex‐ and severity‐adjusted Hb thresholds remained significantly

associated with BP‐FS (p = .002 and p = .003, respectively)

(Figure S1A and S1B).

TAB L E 2 Blast phase prevalence and incidence of 886 myelofibrosis patients treated with RUX based on anemia degree at treatment

start.

Cohort No. (%) p‐y IRR %p‐y 95% CI

Blast phase overall 117 (13.2) 3128.38 3.74 1.2–5.4

RBC transfusion status

RBC‐TD (n = 90) 14 (15.6) 278.14 5.03 0.5–2.7

RBC‐TR (n = 98) 12 (12.2) 267.63 4.48 0.4–1.9

No RBC‐TD (n = 698) 91 (13.0) 2582.61 3.52 0.5–1.1

CTCAE Hb classification

No anemia (n = 289) 28 (9.7) 1196.60 2.34 0.3–0.8

Grade 1 anemia (n = 246) 36 (14.6) 853.97 4.22 0.8–1.8

Grade 2 anemia (n = 152) 25 (16.4) 510.96 4.89 0.9–2.2

Grade 3–4 anemia (n = 199) 28 (14.1) 566.85 4.93 0.9–2.2

Sex‐and severity‐adjusted Hb classification

Mild/no anemia (n = 458) 51 (11.1) 1179.44 2.85 0.4–0.8

Moderate anemia (n = 206) 34 (16.5) 683.89 4.97 1.1–2.7

Severe anemia (n = 222) 32 (14.4) 654.05 4.89 1.0–2.1

Abbreviations: CI, confidence interval; CTCAE, Common Terminology Criteria for Adverse Events; Hb, hemoglobin; IRR, incidence rate ratio; p‐y,
patient‐year; %p‐y, per 100 patient‐years; RBC‐TD, red blood cells‐transfusion dependency; RBC‐TR, red blood cells‐transfusion requirement; RUX,

ruxolitinib.
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PFS was 70%, 52%, 43%, and 27% at 5 years in patients with no,

grade 1, grade 2, and grade 3–4 anemia, respectively (Figure 2A).

Five‐year PFS was, respectively, 64%, 44%, and 29% in patients with

no/mild anemia, moderate, and severe anemia considering sex‐ and
severity‐adjusted anemia thresholds. All three categories were

significantly different from the others (no/mild vs. moderate and vs.

severe anemia, p < .001; moderate vs. severe, p = .009) (Figure 2B).

Blast phase incidence according to acquisition of
anemia during RUX therapy

In univariate regression analysis that evaluated main clinical/labo-

ratory features available after the first 6 months of RUX therapy,

BP was associated with the acquisition of grade 3–4 anemia in

patients who were started on RUX with no anemia (OR, 3.14; 95%

F I GUR E 1 Blast phase‐free survival (BP‐FS) according to anemia degree at treatment start. Significant differences were noted between

patients with no anemia and patients with Common Terminology Criteria for Adverse Events grade 1 (p = .03), grade 2 (p = .01), and grade 3–4
(p = .01) anemia. No differences were noted between patients with higher anemia severity (grade 1 vs. grade 2 and vs. grade 3–4 anemia,
p = .57 and p = .53; grade 2 vs. grade 3–4 anemia, p = .91). Significant differences were also noted between BP‐FS curves of patients with sex
and severity‐adjusted mild/no anemia versus moderate (p = .02) and versus severe (p = .03) anemia. No differences were noted between
patients with moderate and severe anemia (p = .99).

F I GUR E 2 Progression‐free survival (PFS) according to anemia degree at treatment start. Significant differences were noted between PFS
curves of patients with no anemia versus grade 1 (p < .001), grade 2 (p < .001), and grade 3–4 (p < .001) anemia; between patients with grade
3–4 anemia versus grade 1 (p < .001) and versus grade 2 (p = .01) anemia. No differences were noted between patients with grade 1 and grade

2 anemia (p = .2). In addition, significant differences were noted between PFS curves of patients with sex and severity‐adjusted mild/no anemia
versus moderate (p < .001) and versus severe (p < .001) anemia and between patients with moderate versus severe anemia (p = .009).
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CI, 1.29–7.62; p = .01). No significant association was noted be-

tween BP and lack of spleen response (OR, 0.91; 95% CI, 0.62–1.35;

p = .65), occurrence of thrombocytopenia in patients with normal

baseline platelet count (OR, 0.91; 95% CI, 0.62–1.35; p = .65), or an

increase in symptoms burden from baseline (OR, 0.78; 95% CI,

0.44–1.38; p = .38).

Among the 289 patients who started RUX without anemia, 260

were still on therapy after 6 months and 24 (9.2%) of these 260

patients developed a CTCAE grade 3–4 anemia during RUX.

Incidence rate of BP was 3.2 %p‐y in patients acquiring severe

anemia and 1.2 %p‐y in patients who did not (p = .02). By landmark

analysis considering only BP occurring after the 6‐month time point,
BP‐FS was significantly worse in patients acquiring grade 3–4 anemia
(69.3% vs. 88.1% at 5 years, p < .001) (Figure 3).

A full picture of response status and hematological values of

these patients at the 6‐month time point is provided in Table 2.

DISCUSSION

Approximately 10%–20% of patients with MF will develop BP.

Because of the advanced age of MF patients, the high biological

complexity of the disease and the limited therapeutic options, BP is

one of the leading causes of death.25–27

Despite significant improvements in the survival expectancy of

MF patients over the last decades, the incidence of BP has remained

unchanged, with no significant impact of RUX monotherapy.28–31 This

finding was very recently confirmed by an international retrospective

data collection where the incidence rate of BP was found to be

comparable in a large cohort (n = 1752) of RUX‐untreated patients

(2.50 %p‐y) and in a smaller cohort (n = 273) of RUX‐treated patients
(2.89 %p‐y).12 In the same study, anemia severity correlated with the
incidence of BP, particularly in RUX‐unexposed patients, in whom the

IRR of BP increased from 1.8 %p‐y (anemia grade 0–1) to 4.3 %p‐y
(anemia grade 3–4). In patients treated with RUX, this trend was not

confirmed (the IRR of BP was 4.86 %p‐y in patients with grade 2

anemia and 1.61 %p‐y in patients with grade 3–4 anemia).

Here, in a large (n = 886) cohort of RUX‐treated patients, we

observed that BP occurred in 13.2% of the cases, for an overall IRR of

3.74 %p‐y. These incidences are aligned with previous retrospective

observations.12,31–33

We also observed a linear correlation between anemia severity

and incidence of BP, both considering CTCAE and sex‐ and severity‐
adjusted Hb thresholds.

Notably, anemia was present in almost 70% of the patients at

baseline and was associated with unfavorable clinical and/or labo-

ratory features, including a cytopenic phenotype, older age, greater

symptom burden, higher risk category, and triple molecular nega-

tivity. We have previously described how a cytopenic phenotype,

including anemia (Hb <10 g/dL), thrombocytopenia (PLT

<100 � 109/L) and/or leukopenia (WBC<4 � 109/L) at the start of

RUX is associated with an increased risk of RUX discontinuation and

death, but we did not observe a significant effect on leukemic

progression.34

F I GUR E 3 Blast phase‐free survival according to acquisition of anemia after 6 months of ruxolitinib therapy. Group 1: patients with no
anemia at ruxolitinib start and with no or grade 1 and/or 2 anemia at the 6‐month time point. Group 2: patients with no anemia at ruxolitinib
start and with grade 3–4 anemia at the 6‐month time point.

PALANDRI ET AL. - 7

 10970142, 0, D
ow

nloaded from
 https://acsjournals.onlinelibrary.w

iley.com
/doi/10.1002/cncr.35156 by C

ochraneItalia, W
iley O

nline L
ibrary on [09/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Particularly, we observed that absence of anemia was associated

with the lowest risk of BP transformation, whereas the severity of

anemia was not relevant, with IRR of BP only slightly increasing along

with the increase of anemia degree. However, transfusion de-

pendency remained the most prominent association with disease

progression and its prevention remains a key unmet clinical need.

This finding adds to current knowledge of risk factors for BP

transformation, which include advanced age, leukocytosis, exposure to

myelosuppressive therapy, cytogenetic abnormalities, higher DIPSS

category, peripheral blasts >3%, and platelet count <100 � 109/

L.10,32,33,35–38 Notably, anemia remained significantly associated with

the incidence of BP even after adjustment for DIPSS category, which is

to date the score that best predicts leukemic evolution.

In our cohort, approximately 9% of patients with Hb >10 g/dL at
the start of RUX developed grade 3–4 anemia after 6 months of

therapy. The acquisition of severe anemia was the only factor

significantly associated with subsequent BP evolution, whereas no

correlation was observed with other clinical and laboratory features

(i.e., lack of spleen response, increase in symptoms burden,

thrombocytopenia).

The occurrence of anemia during treatment with RUX is an ex-

pected adverse event that can be clinically managed with dose re-

ductions and supportive therapy.39 Anemia during RUX treatment

was not associated with reduced efficacy or survival in a specific

subanalysis of patients included in prospective studies.16,40

However, need for RBC transfusions during RUX therapy (at

months 3 and/or 6; at all time points) has recently been identified as a

predictor of reduced survival in the “Response to RUX after

6 Months” (RR6) model,41 which has been validated in many co-

horts.42,43 The RR6 model highlights how severe anemia during RUX

therapy, whether already present at baseline or acquired 3‐ or 6‐
months during therapy, has a strong impact on patient prognosis.

Together with RUX dose <20 mg twice daily (at baseline, month 3,

and month 6) and palpable spleen length reduction from baseline

≤30% (at months 3 and 6), anemia during the early phases of therapy

allows the identification of patients with impaired survival.41

As in other chronic hematological malignancies, iron overload

due to red blood cell transfusions has been associated with reduced

survival also in MF.44 Indeed, in the presence of iron overload, there

is an abnormal release of reactive oxygen species in the bone

marrow, resulting in impaired marrow function.45 Additionally, a

recent Italian study has shown that use of iron chelation therapy

(deferasirox) in combination with RUX in anemic MF patients can

increase Hb levels and achieve iron chelation responses that are

associated with improved survival.46

Here, we show that the acquisition of severe anemia during RUX

therapy is a significant predictor of disease transformation into BP.

This finding, together with the association between baseline anemia

and risk of BP, warrants better consideration and management of

anemia in patients requiring JAK2 inhibition due to splenomegaly

and/or symptoms. This is particularly important now that many new

agents are being investigated for patients with anemia,47 alone or

combined with RUX. Whether these new agents will be able to

significantly target anemia in MF, and mitigate hematological toxicity

of JAK2 inhibitors, remain to be determined. Their impact on BP

progression is still unknown.

In conclusion, this study confirms that the rate of BP progression

is unaffected by RUX therapy and is strictly related to the degree of

anemia at baseline and to the acquisition of severe anemia during

therapy. These data strongly suggest the need to rethink the treat-

ment strategy for patients with anemia, also in light of the availability

of innovative anti‐anemia therapies.
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