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lack all 3 driver mutations and are called “triple negative” 
[3].

CALR mutations occur mainly in exon 9 of the CALR 
gene and are divided into two categories: type 1-like (more 
common in MF), characterized by a 52  bp deletion and 
type 2-like (more common in ET), characterized by a 5 bp 
insertion [4]. In addition, there are a number of “atypical” 
mutations that do not belong to any of the two previous cat-
egories [5].

CALR-mutated PMF patients have distinct clinical fea-
tures and outcomes compared to JAK2-mutated patients, 
presenting with younger age, lower levels of hemoglobin 
and white blood cells, higher platelet count and better sur-
vival rates [6]. Compared to type 2-like, type 1-like CALR 

Introduction

Myelofibrosis (MF) is a challenging hematological malig-
nancy characterized by bone marrow fibrosis, cytopenias, 
splenomegaly, and debilitating symptoms, with an overall 
severely reduced life expectation [1]. MF may present as 
primary disease (PMF) or secondary to Essential Thrombo-
cythemia (ET) or Polycythemia Vera (PV) (SMF) [2].

Along with additional subclonal myeloid mutations, 
driver mutations in 3 genes that activate the JAK/STAT sig-
naling pathway can be detected: Janus kinase 2 (JAK2) in 
60–70%, calreticulin (CALR) in around 20%, and myelopro-
liferative leukemia virus (MPL) in 5%; 8–10% of patients 
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Abstract
Calreticulin (CALR) mutations are detected in around 20% of patients with primary and post-essential thrombocythemia 
myelofibrosis (MF). Regardless of driver mutations, patients with splenomegaly and symptoms are generally treated with 
JAK2-inhibitors, most commonly ruxolitinib. Recently, new therapies specifically targeting the CALR mutant clone have 
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ruxolitinib-treated patients. Compared to JAK2-mutated patients, CALR-mutated patients started ruxolitinib with a more 
severe disease (higher peripheral blast counts, lower hemoglobin levels and worse marrow fibrosis) and after a longer 
median time from diagnosis (2.6 versus 0.7 years, p < 0.001). At 6 months, spleen responses were numerically inferior 
in CALR-mutated patients, who also had significantly lower rates of symptom responses (56.1% versus 66.7%, p = 0.04).
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mutations are associated with an improved survival in PMF 
[4, 7].

Ruxolitinib is a type-1 JAK1/JAK2 inhibitor that has 
been used for the therapy of MF-related splenomegaly and 
symptoms for nearly 15 years. Ruxolitinib is not selective 
for the JAK2V617F mutation and has shown efficacy in MF 
patients regardless of the driver mutation [8, 9]. However, 
JAK2V617F variant allele frequency remains unchanged in 
many patients, and efficacy wanes over time, with only half 
of the responding patients still in response after 3 years [10, 
11]. Also, JAK2 inhibition causes on-target hematological 
toxicity, that may significantly limit the ruxolitinib dose and 
use [12].

All MF-associated CALR mutations result in a + 1  bp 
frameshift, leading to the translation of an altered C-termi-
nus of the calreticulin protein. The novel C-terminus lacks 
the endoplasmic reticulum retention signal (KDEL domain) 
and consists predominantly of positively charged amino 
acids, resulting in ligand-independent activation of MPL 
and downstream JAK–STAT signaling pathway activation 
[13, 14].

Recent research has focused on immunotherapeutic 
approaches that specifically target the mutant calreticu-
lin neoepitope while preserving normal hematopoiesis. 
INCA033989 is a novel human monoclonal class G immu-
noglobulin that was found to inhibit the mutant calreticu-
lin-induced MPL signaling in murine Ba/F3 cells, with no 
effect on non-mutant cells. This agent is currently in early 
clinical development in CALR-mutated MF and ET patients 
(NCT06034002) [15].

The advent of new therapies specifically targeting the 
CALR mutant clone has urged the need to collect detailed 
information on therapies that are currently used in CALR-
positive patients.

To provide critical insight into the comparative efficacy 
of ruxolitinib in CALR- and JAK2-mutated patients, we 
report the outcomes of 135 CALR-positive patients who 
received ruxolitinib in a real-world setting.

Methods

Patients’ collection and study design

After institutional review board approval, the “RUX-MF” 
retrospective study collected 1055 MF patients who received 
ruxolitinib outside clinical trials in 25 hematology centers 
that are dedicated to the treatment of myelofibrosis. All 
patients were in chronic phase at ruxolitinib start. Two sepa-
rate analyses were performed: (1) including the total cohort 
of 921 patients with the JAK2V167F or CALR mutations; 
(2) including only patients transplant-eligible (age < 70 

years at ruxolitinib start). This sub-analysis was performed 
considering that: (1) younger age of CALR-mutated patients 
compared to JAK2-mutated patients may influence survival 
outcomes; (2) younger patients are eligible for allogeneic 
stem cell transplantation (ASCT), which may significantly 
impact the treatment algorithm.

The list of the participating centers is available in Sup-
porting Information S1: Appendix. All centers were 
asked to report, in an electronic case report form, their 
consecutive MF patients who received ruxolitinib accord-
ing to standard clinical practice. The total number of medi-
cal 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 demographics, comorbidities, medications, clinical-
laboratory tests at diagnosis and during follow-up, date of 
ruxolitinib start and stop, type of MF therapies before and 
after RUX, duration of ruxolitinib treatment, and adverse 
events during the treatment. Any treatment decision, includ-
ing starting ruxolitinib doses and dose adjustments over 
time, was at the physician’s discretion, based on patients’ 
characteristics and independent 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 (February 2024).

Definitions

Diagnoses of PMF and SMF were made according to 2016 
World Health Organization criteria (WHO) and Interna-
tional Working Group on Myelofibrosis Research and Treat-
ment (IWG-MRT) criteria, respectively [16, 17]. 

The risk category was assessed at the time patients 
started on ruxolitinib according to the Dynamic Interna-
tional Prognostic Score System (DIPSS) for PMF [18] and 
Myelofibrosis Secondary to PV and ET-Prognostic Model 
(MYSEC-PM) [19]. Histologic examination was performed 
at local institutions; fibrosis was graded according to the 
European Consensus Grading System [20]. Unfavorable 
karyotype was categorized as previously described [21]. 
High molecular risk (HMR) pathogenetic mutations were 
defined as those including ASXL1, SRSF2, EZH2, IDH1 and 
IDH2, U2AF1 [22]. Anemia was defined according to Com-
mon Terminology Criteria for Adverse Events (CTCAE) 
[23].

A cytopenic phenotype was defined according to previ-
ously reported as at least one among Hb < 10 g/dL, platelet 
count < 100 × 109/L or leukocytes count < 4 × 109/L [24].
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Leukemic transformation was defined by blast cells 
being at least 20% in peripheral blood and/or bone mar-
row according to WHO criteria [16]. MF-related symptoms 
were assessed using the 10-item Myeloproliferative Neo-
plasm Symptom Assessment Form Total Symptom Score 
(MPN10-TSS) [25]. Spleen and symptoms responses were 
routinely assessed by palpation and by periodical TSS eval-
uation, according to 2013 IWG-MRT criteria [17].

Ethical aspects

The “RUX-MF” study (NCT06516406) 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 num-
ber: 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

Continuous variables are expressed as medians and ranges 
or means and standard deviations, whereas categorical vari-
ables are presented as frequencies and percentages. We used 
the Wilcoxon-Mann-Whitney rank-sum test or the t-test for 
comparisons between groups, and associations between 
categorical variables (2-way tables) were tested using the 
Fisher exact test or the chi-square test, as appropriate. Con-
tinuous and categorical variables at MF diagnosis and at 
ruxolitinib start were compared using the Wilcoxon signed-
rank test and the McNemar test, respectively.

A Poisson regression model was applied to calculate the 
incidence rate ratio (IRR) of leukemic transformation, rux-
olitinib discontinuation and allogenic stem cell transplanta-
tion, together with 95% confidence interval (CI). The IRR 
was described as the number of events per 100 patient-years 
(%p-y).

Prognostic factors for spleen and symptoms response 
were evaluated using logistic regression model, while for 
survival were identified using univariate and multivari-
able Cox proportional hazards model. Multivariate logistic 
regression and Cox analysis were conducted on variables 
with P values < 0.05 at univariate analysis, to assess odds 
(OR) and hazard ratio (HR). To avoid the issue of multicol-
linearity and to remove highly correlated predictors from 
the model, collinearity among variables was detected using 
the Pearson correlation test. Variables that were associated 
with other factors in univariate analysis were excluded 
from the multivariable analysis. The following variables 

at ruxolitinib start were assessed: male sex, PMF (versus 
SMF), ruxolitinib dose < 15 bis in die (BID), lower than 
prescribing ruxolitinib dose according to platelet count, 
grade of marrow fibrosis ≥ 2, platelet count < 100 × 109/L, 
leucocytes count > 25 × 109/L and < 4 × 109/L, hemoglobin 
levels < 10  g/dL, cytopenia, peripheral blasts count ≥ 1%, 
spleen length > 10 cm and TSS ≥ 20. In addition, symptoms 
and spleen response at 6 months were tested for overall 
survival.

Survival analyses comparing CALR- and JAK2-mutated 
patients were performed using Kaplan-Meier curves 
adjusted for delayed entry, and differences were evaluated 
using the log-rank test. Overall survival (OS) was calculated 
from the date of ruxolitinib start, to either death, last contact 
or ASCT. Event-free survival (EFS) was calculated from the 
date of ruxolitinib start to either death, leukemic transfor-
mation, ruxolitinib discontinuation, or last contact.

Tests were 2-sided, and P values < 0.05 were considered 
significant. Analyses were performed using STATA/SE soft-
ware version 18.0 (StataCorp).

Results

Clinical and laboratory features at diagnosis and at 
ruxolitinib start according to JAK2 or CALR mutation

Overall, 786 (74.5%) patients were JAK2-mutated and 135 
(12.8%) had a CALR mutation. In the 78 evaluable patients, 
the CALR mutation was type 1-like in 66.7% (n. 52) and type 
2-like in 30.8% (n. 24) of the population, while 2 patients 
had a novel-type CALR mutation (Supplemental Fig. 1).

At ruxolitinib start, compared to JAK2-mutated, CALR-
mutated patients were younger (p = 0.02), had more fre-
quently a marrow fibrosis grade 2–3 (p = 0.007), higher 
prevalence of HMR mutations (p = 0.04), higher percent-
ages of peripheral blasts (p < 0.001) and lower median 
hemoglobin levels (p < 0.001). Conversely, the incidence 
of hyperleukocytosis (> 25 × 109/L) was significantly lower 
in CALR-mutated patients (8.9% versus 16.5%, p = 0.02); 
median platelet counts, TSS scores and spleen lengths 
were comparable. Overall, 53.3% of CALR-mutated and 
41.4% JAK2-mutated patients had a cytopenic phenotype 
(p = 0.009). Ruxolitinib starting doses were comparable, 
with 38.5% and 41.5% of patients starting with underdosed 
ruxolitinib in the two groups, respectively.

The median time from MF diagnosis to the start of rux-
olitinib was significantly longer for CALR-mutated patients 
(2.6 years, range 0-32.9) compared to JAK2-mutated patients 
(0.7 years, range 0-28.1) (p < 0.001). Excluding post-PV 
patients, this difference remained statistically significant 
(0.9, range 0-28.1, p < 0.001). Between the time of diagnosis 
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Characteristics and treatment outcomes in 
transplant-eligible and older-age patients

Overall, 523 (56.8%) patients started ruxolitinib while 
younger than 70 years (transplant-age cohort) and 398 
(43.2%) received ruxolitinib at an older, no transplant-per-
missive age (older-age cohort).

Patients’ characteristics according to age at ruxolitinib 
start are summarized in Table 1.

In the transplant–age cohort, a baseline higher grade of 
marrow fibrosis (p = 0.03), higher rate of HMR mutations 
(p = 0.05), higher peripheral blast percentage (p < 0.001) 
was noted in CALR-mutated patients. Conversely, they had 
lower leucocytes count (p = 0.01) and hemoglobin levels 
(p = 0.001) and longer time from MF diagnosis to the start of 
ruxolitinib (p < 0.001). Overall, a cytopenic phenotype was 
observed in 51.2% and 35.9% of CALR- and JAK2-mutated 
patients, respectively (p = 0.009).

In the older-age cohort, median age and leukocyte count 
at ruxolitinib start were significantly higher in JAK2-
mutated patients (p = 0.005), whereas median platelet and 
blast count were higher in CALR-mutated patients (p = 0.01 
and p = 0.006).

Comparison of patient characteristics between the trans-
plant-age and older-age cohorts is summarized in Supple-
mental Table 3.

Response rates and survival outcomes in transplant-age 
and older-age groups are detailed in Table 2.

At 6 months, spleen responses were comparable in 
CALR and JAK2-mutated patients both in the transplant-age 
(23.5% versus 24.2%, p = 0.91) and in the older-age groups 
(18.2% versus 27.9%, p = 0.17). However, in transplant-age 
patients with the CALR mutation, symptoms response was 
significantly lower (52.5% versus 69.3% in JAK2-mutated 
patients, p = 0.01) and overall anemia rate was higher (55.4% 
versus 42.9%, p = 0.05).

Survival outcomes in transplant-eligible patients

In the 523 transplant-eligible patients, the IRR of leukemic 
transformation was comparable between CALR and JAK2-
mutated patients (2.0 versus 3.3%p-y, p = 0.21), while the 
rates of ruxolitinib discontinuation were higher in CALR-
mutated patients (24.0 versus 16.1%p-y, p = 0.009). ASCT 
was performed in 91 patients (17.4%), with an IRR of 8.9 
and 3.4%p-y in CALR and JAK2-mutated patients, respec-
tively (p < 0.001).

OS at 3 and 5 years was 79.7% and 63.7% for CALR-
mutated patients and 81.5% and 69.1% for JAK2-mutated 
patients, respectively (log-rank test p = 0.17) (Fig. 1a). The 
median OS for CALR-mutated patients was 7.2 years (95% 

and the time of ruxolitinib start, clinical and hematological 
features worsened in both JAK2 and CALR cohorts, with 
progressive increase of leukocytes, blast counts, spleno-
megaly and symptoms, and decrease of hemoglobin lev-
els and platelet counts (Supplemental Table 1). However, 
CALR-mutated cohort had a higher incidence of patients 
with an increase of leucocytes (58.4% versus 46.0%, JAK2-
mutated) and peripheral blasts count (35.9% versus 20.8%) 
and spleen length (52.5% versus 44.5%).

Response to ruxolitinib and outcome according to 
JAK2 or CALR mutation

At 6 months, there were no significant differences in spleen 
responses (CALR: 21.4% versus JAK2: 25.7%, p = 0.33), 
but symptoms response was significantly lower in CALR-
mutated patients (56.1% versus 66.7%, p = 0.04) and overall 
anemia was higher (60.3% versus 50.3%, p = 0.04). Treat-
ment-emergent anemia (CALR: 35.7% versus JAK2: 30.4%, 
p = 0.37), overall and treatment-emergent thrombocytopenia 
were comparable in the two groups (p = 0.49 and p = 0.60, 
respectively).

During a median follow-up from ruxolitinib start of 3.4 
years (range: 0.1–15.1), 597 patients discontinued ruxoli-
tinib, 464 (50.4%) died, 130 (14.1%) had a leukemic trans-
formation and 91 (9.9%) underwent ASCT.

Causes of ruxolitinib discontinuation were compara-
ble in the two groups (intolerance: 48.2% overall, JAK2: 
48.3% versus CALR: 47.7%; Resistance 90.7% overall, 
JAK2: 90.3% versus CALR: 93.2%) with comparable per-
centages of patients with both intolerance and resistance 
(42.4% overall; CALR: 43.2% versus JAK2: 42.3%). How-
ever, a cytopenic phenotype was significantly more frequent 
in CALR-mutated patients (85.4%) than in JAK2-mutated 
patients (75.0%, p = 0.03).

Incidence rates of ASCT was significantly higher 
in CALR-mutated patients (5.8 versus JAK2: 2.1%p-y, 
p < 0.001), while other events had comparable frequency.

In the 135 patients with the CALR mutation, no fac-
tors were found to be associated with spleen or symptom 
response, including larger splenomegaly and delayed rux-
olitinib start. However, hemoglobin below 10  g/dL and a 
high symptom burden (TSS ≥ 20) significantly correlated 
with worse survival (Supplemental Table 2).

The survival analysis was repeated including only the 
72 CALR-mutated patients who started ruxolitinib therapy 
more than two years after diagnosis. In this subgroup, ane-
mia (HR: 1.92, 95% CI: 1.02–3.79, p-value: 0.05) and the 
use of a reduced ruxolitinib starting dose (HR: 2.29, 95% 
CI: 1.15–4.56, p-value: 0.02) were associated with poorer 
overall survival in multivariate analysis.

1 3

244



Annals of Hematology (2025) 104:241–251

Overall Cohort Transplant-age Cohort Older-age Cohort
CALR(n.135) JAK2(n. 786) p CALR(n. 82) JAK2(n. 

441)
p CALR(n. 53) JAK2(n. 

345)
p

Median age, years 
(range)

67.5 
(24.0-87.2)

68.5 
(26.5–92.6)

0.02 60.6 
(24.0-69.8)

62.8 
(26.5–69.9)

0.17 74.1 
(70.0-87.2)

75.8 
(70.0-92.6)

0.005

Male Sex, n. (%) 77 (57.0%) 445 (56.6%) 0.93 51 (62.2%) 243 
(55.1%)

0.24 26 (49.1%) 202 (58.4%) 0.20

PMF, n. (%) 79 (58.5%) 387 (49.2%) 0.06 45 (54.9%) 218 
(49.4%)

0.38 34 (64.2%) 169 (49.0%) 0.04

Post-PV MF, n. (%) 0 256 (32.6%) 0 145 
(32.9%)

0 111 (32.2%)

Post-ET MF, n. (%) 56 (41.5%) 143 (18.2%) 37 (45.1%) 78 
(17.7%)

19 (35.8%) 65 (18.8%)

RUX starting daily dose, n. (%), on
  10–20 mg 53 (39.3%) 307 (39.1%) 0.93 30 (36.6%) 158 

(35.8%)
0.90 23 (43.4%) 150 (43.5%) 0.93

  30–40 mg 82 (60.7%) 479 (60.9%) 52 (63.4%) 283 
(64.2%)

30 (56.6%) 479 (56.5%)

Lower than prescrib-
ing dose, n. (%)

52 (38.5%) 326 (41.5%) 0.52 27 (32.9%) 172 
(39.2%)

0.28 25 (47.2%) 154 (44.6%) 0.67

  Dose reduction at 6 
months, n. (%)

24/75 (32.0%) 144/444 
(32.4%)

0.94 14/46 
(30.4%)

77/273 
(28.2%)

0.76 10/29 
(34.5%)

67/171 
(39.2%)

0.63

Grade of marrow 
fibrosis < 2, n. (%)

17/127 
(13.4%)

180/746 
(24.1%)

0.007 12/77 
(15.6%)

113/417 
(27.1%)

0.03 5/50 (10.0%) 68/330 
(20.6%)

0.07

DIPSS/MYSEC–PM score, n. (%)
  Intermediate–1 72 (53.3%) 464 (59.0%) 0.29 52 (63.4%) 301 

(68.3%)
0.73 20 (37.7%) 164 (47.5%) 0.17

  Intermediate–2 47 (34.8%) 257 (32.7%) 25 (30.5%) 117 
(26.6%)

22 (41.5%) 140 (40.6%)

  High 16 (11.9%) 65 (8.3%) 5 (6.1%) 23 (5.2%) 11 (20.8%) 41 (11.9%)
HMR mutation, n. 
(%)

32/51 (62.8%) 94/201 
(46.8%)

0.04 24/37 
(64.9%)

63/135 
(46.7%)

0.05 8/14 (57.1%) 31/66 
(47.0%)

0.49

Platelet count, median 
(range), x 109/L

310 
(53– 1887)

261 
(14– 1632)

0.18 250.5 
(53–982)

264.5 
(14–1425)

0.64 359 
(53– 1887)

252 
(26– 1632)

0.01

  Platelet count < 100 
x 109/L

15 (11.1%) 74 (9.4%) 0.55 11 (13.4%) 37 (8.4%) 0.15 4 (7.6%) 37 (10.7%) 0.55

Leukocytes, median 
(range), x 109/L,

8.46 
(2.1– 71.1)

12 (1.1– 155) <0.001 8.7 
(2.9–71.1)

11 (2.1–80) 0.01 8.3 
(2.1– 42.9)

13.5 
(1.1– 155)

<0.001

Leukocytes >25 x 
109/L, n. (%)

12 (8.9%) 130 (16.5%) 0.02 6 (7.3%) 64 (14.5%) 0.08 6 (11.3%) 66 (19.1%) 0.17

Leukocytes <4 x 
109/L, n. (%)

13 (9.6%) 63 (8.0%) 0.54 8 (9.8%) 38 (8.6%) 0.76 5 (9.4%) 25 (7.2%) 0.54

Hemoglobin, median 
(range), g/dL

10.4 
(5.6– 14.5)

11.2 
(5.7– 18.3)

<0.001 10.6 
(5.6–14.4)

11.5 
(6.0–18.3)

0.001 10.0 
(6.6– 14.5)

10.6 
(5.7– 16.7)

0.12

Hemoglobin < 10 g/dL, 
n. (%)

59 (43.7%) 263 (33.5%) 0.02 33 (40.2%) 129 
(29.3%)

0.05 26 (49.1%) 134 (38.8%) 0.16

Cytopenic Phenotype, 
n. (%)

72 (53.3%) 325 (41.4%) 0.009 42 (51.2%) 158 
(35.8%)

0.009 30 (56.6%) 167 (48.4%) 0.26

Blasts, mean ± SD, % 1.6 ± 2.0 0.9  ±  1.6 <0.001 1.6  ±  2.1 0.9  ±  1.6 <0.001 28 (52.8%) 117 (33.9%) 0.005
(range), cm
Blasts, mean ± SD, % 8 (0– 30) 10 (0– 5) 0.31 9 (0–30) 10 (0–35) 0.79 8 (0– 25) 10 (0– 35) 0.22
Spleen > 10 cm, n. (%) 57 (42.2%) 353 (44.9%) 0.54 36/81 

(44.4%)
188/436 
(43.1%)

0.83 21 (39.6%) 165 (47.8%) 0.24

Total Symptoms 
Score, median (range)

20 (0– 87) 20 (0– 100) 0.64 20 (0–87) 20 (0–100) 0.10 24 (0– 80) 20 (0– 100) 0.16

Total Symptoms Score 
≥ 20, n. (%)

74/123 
(60.2%)

457/741 
(61.7%)

0.75 40/76 
(52.6%)

258/416 
(62.0%)

0.12 34/47 
(72.3%)

199/325 
(61.2%)

0.14

Time between MF diagnosis and RUX start,

Table 1  Baseline characteristics of older-age and transplant-age CALR versus JAK2-mutated patients
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OS at 3 and 5 years was 62.8% and 35.5% for CALR-
mutated patients and 54.4% and 36.2% for JAK2-mutated 
patients, respectively (log-rank test p = 0.07) (Fig. 1b).

In CALR-mutated patients, the median OS and EFS were 
3.7 years (95% CI: 2.6–5.3) and 3.0 (95% CI: 2.0–3.8), 
comparably to JAK2-mutated patients (OS 3.7 years and 
EFS 2.3 years).

CI: 5.0–8.4), while for JAK2-mutated was 8.4 years (95% 
CI: 7.7–10.5).

Survival outcomes in older-age patients

In the 398 older-age patients, the IRR of leukemic trans-
formation (5.6 versus 4.2%p-y, p = 0.43) and of ruxolitinib 
discontinuation (24.0 versus 26.3%p-y, p = 0.62) were com-
parable between CALR and JAK2-mutated patients. None 
of the patients in either of the two groups underwent ASCT.

Table 2  Outcomes in older-age and transplant-age CALR versus JAK2-mutated patients
Overall Cohort Transplant-age Cohort Older-age Cohort
CALR(n.135) JAK2(n. 786) p CALR(n. 

82)
JAK2(n. 
441)

p CALR(n. 
53)

JAK2(n. 
345)

p

Spleen response at 6 months, 
n. (%)

24/112 
(21.4%)

170/661 
(25.7%)

0.33 16/68 
(23.5%)

91/376 
(24.2%)

0.91
0.08

8/44 
(18.2%)

79/283 
(27.9%)

0.17

Spleen response at any time, 
n. (%)

45/118 
(38.1%)

328/702 
(46.7%)

0.08 26/71 
(36.6%)

192/400 
(48.0%)

0.08 19/47 
(40.4%)

136/302 
(45.0%)

0.08

Symptoms response at 6 
months, n. (%)

55/98 (56.1%) 398/597 
(66.7%)

0.04 31/59 
(52.5%)

230/332 
(69.3%)

0.01 24/39 
(61.5%)

168/265 
(63.4%)

0.82

Any grade hematological toxicity at 6 months
  Overall anemia, n. (%) 73/121 

(60.3%)
348/692 
(50.3%)

0.04 41/74 
(55.4%)

169/394 
(42.9%)

0.05 32/47 
(68.1%)

176/298 
(59.1%)

0.24

  Treatment-emergent ane-
mia, n. (%)

25/70 (35.7%) 141/464 
(30.4%)

0.37 15/45 
(33.3%)

67/277 
(24.2%)

0.19 10/25 
(40.0%)

74/187 
(39.6%)

0.97

  Overall thrombocytopenia, 
n. (%) 

25/120 
(20.8%)

164/691 
(23.7%)

0.49 16/73 
(21.9%)

77/393 
(19.6%)

0.65 9/47 
(19.2%)

87/298 
(29.2%)

0.15

  Treatment-emergent throm-
bocytopenia, n. (%)

18/112 
(16.1%)

116/640 
(18.1%)

0.60 12/67 
(17.9%)

56/369 
(15.2%)

0.57 6/45 
(13.3%)

60/271 
(22.1%)

0.18

Allogeneic stem cell trans-
plantation, n. (%)

26 (19.3%) 65 (8.3%) < 0.001 26 (31.7%) 65 (14.7%) < 0.001 0 0 /

  IRR (%p-y) 5.8 2.1 < 0.001 9.2 3.4 < 0.001 0 0 /
Leukemic transformation, 
n. (%)
IRR (%p-y)

16 (11.9%)
3.2

114 (14.5%)
3.6

0.41
0.62

7 (8.5%)
2.0

67 (15.2%)
3.3

0.11
0.21

9 (17.0%)
5.6

47 (13.6%)
4.2

0.51
0.43

Leukemic transformation, 
n. (%)

16 (11.9%) 114 (14.5%) 0.41 7 (8.5%) 67 (15.2%) 0.11 9 (17.0%) 47 (13.6%) 0.51

  IRR (%p-y) 24.0 20.0 0.11 24.0 16.1 0.009 24.0 26.3 0.62
Events, n. (%) 96 (71.1%) 523 (66.5%) 0.296 58 (70.7%) 266 

(60.3%)
0.08 38 (71.7%) 257 

(74.5%)
0.69

  IRR (%p-y) 25.3 20.7 0.07 24.9 16.9 0.01 26.0 27.1 0.83
Death, n. (%) 68 (50.4%) 396 (50.4%) 0.99 36 (43.9%) 158 

(35.8%)
0.17 31 (58.5%) 238 

(69.0%)
0.14

IRR (%p-y) 13.1 12.3 0.59 10.6 7.6 0.07 18.4 20.9 0.52

Overall Cohort Transplant-age Cohort Older-age Cohort
CALR(n.135) JAK2(n. 786) p CALR(n. 82) JAK2(n. 

441)
p CALR(n. 53) JAK2(n. 

345)
p

median (range), years 2.6 (0– 32.9) 0.7 (0– 28.1) <0.001 2.8 (0– 32.9) 0.6 
(0– 28.1)

<0.001 2.0 
(0.05– 22.3)

0.9 (0– 23.5) 0.02

>2 years, n. (%) 72 (53.3%) 271 (34.5%) <0.001 46 (56.1%) 150 
(34.0%)

<0.001 26 (49.1%) 121 (35.1%) 0.05

PMF, Primary Myelofibrosis; PV: Polycythemia Vera; ET, Essential Thrombocythemia; RUX, ruxolitinib; DIPSS, Dynamic International Prog-
nostic Scoring System; MYSEC-PM, Myelofibrosis Secondary to PV and ET-Prognostic Model; HMR, High Molecular Risk

Table 1  (continued) 
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patients confirms that anemia should be a key target of MF 
therapies. We also confirm that appropriate ruxolitinib dos-
ing may have a beneficial effect on outcome [26, 27].

Additionally, the observation of a lower symptoms’ 
response in CALR-positive patients constitutes a novel find-
ing that may be probably attributable to reduced hemoglo-
bin levels, both prior to and during ruxolitinib therapy. This 
finding confirms that anemia is not only a significant predic-
tor of reduced survival, but also of diminished quality of life 
and heightened severity of symptoms reported by patients 
[28–32].

The scope and potential findings of this retrospective 
study precludes determination of the most efficacious inter-
ventions for the management of anemia. Nevertheless, the 
combined use of danazol, erythropoiesis-stimulating agents, 
iron chelation therapy and ruxolitinib dose optimization 
have been proposed as a means of mitigating the burden 
of anemia and may be useful in CALR-mutated patients 
[33–37]. The use of alternative JAK2 inhibitors, which have 
been shown to have reduced hematological toxicity or even 
the potential to benefit anemia, could also be considered 
[38–40].

Unlike previous observations in patients followed from 
diagnosis [3], we failed to confirm that CALR-mutated 
patients demonstrate a more prolonged survival during 
ruxolitinib therapy. In this setting, we have observed that 
CALR-mutated patients started ruxolitinib with a more 
severe disease burden and after a longer time from diagno-
sis compared to JAK2-mutated patients. The impact of these 
factors on treatment success and outcome is not yet fully 
elucidated, but they may potentially counterbalance the pos-
itive effect of the calreticulin mutation over the JAK2 muta-
tion. This observation potentially explains the observed 
overlap in survival curves between the two groups.

However, the rationale behind the decision to delay the 
initiation of ruxolitinib treatment in CALR-mutated patients, 

Discussion

Our study highlights several critical aspects of CALR-
mutated MF patients undergoing ruxolitinib therapy.

Firstly, CALR-mutated patients, regardless of age group, 
started therapy with the JAK2 inhibitor with a more severe 
clinical burden characterized by more frequent anemia, 
higher blast percentages, and higher presence of high-risk 
biological features including increased marrow fibrosis and 
presence of HMR mutations.

While clinical and laboratory features worsened between 
diagnosis and ruxolitinib start in both CALR and JAK2 
patients, confirming the progressive nature of the disease, 
CALR-mutated patients had the greatest worsening, with a 
higher number of patients acquiring anemia and increasing 
the peripheral blast count. This was possibly due to the strik-
ing difference in the median time from diagnosis to ruxoli-
tinib initiation: CALR-mutated patients waited significantly 
longer (median time: 2.6 years) compared to JAK2-mutated 
patients (0.7 years, p < 0.001). This prolonged time may 
certainly reflect a more indolent nature of CALR-mutated 
myelofibrosis, or perhaps an initial reluctance to use ruxoli-
tinib in JAK2-negative patients.

Nonetheless, spleen and symptom responses were lower, 
and anemia was higher in CALR-mutated patients after 6 
months of therapy. In the CALR-positive cohort, we could 
not detect any prognostic factors for spleen or symptom 
response, including larger splenomegaly and delayed rux-
olitinib start. However, hemoglobin below 10  g/dL and a 
high symptom burden significantly correlated with worse 
survival. In the 72 CALR-positive patients with delayed 
(> 2 years) ruxolitinib start, anemia and a reduced ruxoli-
tinib starting dose were associated with poorer overall sur-
vival. While it may be difficult to find prognostic factors for 
response in small cohorts, the identification of anemia as a 
major contributor to worse prognosis also in CALR-mutated 

Fig. 1  Overall Survival in comparison between CALR- and JAK2-mutated transplant-age patients (a) and older-age patients (b). RUX, ruxolitinib; 
mut, mutated
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data may represent a valid source document for interpreting 
current literature and planning future studies.
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as opposed to JAK2-mutated patients, remains unclear. Nev-
ertheless, the present report may serve to enhance medical 
education, thereby stimulating earlier treatment also in 
CALR-positive patients [27, 41].

In transplant-age patients, the presence of the CALR 
mutation was associated with significantly higher rates of 
ruxolitinib discontinuation, despite comparable degrees of 
splenomegaly/symptoms and reasons for ruxolitinib stop. 
However, in most cases, CALR-mutated patients displayed 
a cytopenic phenotype, that possibly prevented medical 
approaches with conventional or investigational therapy. 
Indeed, cytopenia significantly limits the available treat-
ment options [40, 42]. As a result, it is plausible that cytope-
nia instead urged toward the transplant procedure.

Interestingly, the comparable rates of leukemic transfor-
mation between CALR- and JAK2-mutated patients indicate 
that the primary challenge in CALR-mutated patients lies in 
managing their higher baseline disease burden and main-
taining long-term ruxolitinib efficacy. Therefore, early iden-
tification of high-risk features such as baseline anemia can 
help stratify patients and guide prompt treatment decisions.

Overall, despite the initial benefits of ruxolitinib, CALR-
mutated patients may require more innovative therapeutic 
interventions to achieve optimal outcomes. This further 
emphasizes the necessity of exploring alternative or adjunc-
tive therapies tailored specifically for CALR-mutated indi-
viduals [15].

This study has well-known limitations that are mainly 
related to its retrospective and non-randomized nature, with 
potentially inadequate recognition of unidentified additional 
parameters that could influence treatment and survival out-
comes. Also, the relatively low number of CALR-mutated 
patients with complete molecular information (e.g., type and 
variant allele frequency, HMR mutations) prevented sub-
group analyses that would add knowledge to this compari-
son. The lack of accurate molecular analysis also exposes 
a significant need for improving molecular evaluation of 
MPN patients in many Hematology Centers.

Importantly, the decision to initiate and to discontinue 
ruxolitinib, as well as the decision to perform the transplant, 
were not standardized or randomized, but were variably 
based on individual clinical judgement, patient preference 
or local practices. This variability limits the ability to draw 
firm conclusions about the impact of driver mutations in the 
treatment algorithm after ruxolitinib discontinuation.

Conclusion

The current study provides real-world observations in 
CALR-mutated MF patients with splenomegaly and/or 
symptoms requiring therapy with JAK2 inhibitors. These 
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