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Simple Summary: Myelofibrosis is a rare bone marrow disorder, leading to an increasing failure
to generate healthy blood cells. Defining clinical prognosis scores for rare diseases is difficult, as
sufficient numbers of patients for score validation are difficult to obtain. The current study investigates
the utility of the TriNetX database, containing electronic medical records for over 140 million patients,
to identify risk factors and establish clinical scores. TriNetX includes more than 64,000 myelofibrosis
patients, and the present study explores factors influencing survival and common complications.
Age over 65, anemia, an increased number of leukocytes, a low platelet count and an increased
number of monocytes are associated with increased risks, while high numbers of eosinophiles and
basophiles show positive associations. We demonstrate that the TriNetX database offers insights to
refine predictive models, crucial for tailoring treatments to individual patient risks in the complex
landscape of rare diseases like myelofibrosis.

Abstract: Myelofibrosis (MF) is a myeloproliferative neoplasia arising de novo as primary myelofi-
brosis (PMF) or secondary to polycythemia vera or essential thrombocythemia. Patients experience
a high symptom burden and a marked reduction in life expectancy. Despite progress in molecular
understanding and treatment, the clinical and prognostic heterogeneity of MF complicates treatment
decisions. The International Prognostic Scoring System (IPSS) integrates clinical factors for risk
stratification in MF. This study leverages the TriNetX database with more than 64,000 MF patients
to assess the impact of accessible parameters on survival and complicating events, including AML
transformation, cachexia, increased systemic inflammation, thrombosis and hemorrhage. Age over
65 years correlated with increased risks of death, AML transformation, thrombosis and hemorrhage.
Anemia (Hb < 10 g/dL), leukocytosis (>25 × 103/µL) and thrombocytopenia (<150 × 103/µL)
reduced survival and increased risks across all assessed events. Monocytosis is associated with de-
creased survival, whereas eosinophilia and basophilia were linked to improved survival. Further, as
proof of concept for the applicability of TriNetX for clinical scores, we devised a simplified IPSS, and
confirmed its value in predicting outcomes. This comprehensive study underscores the importance
of age, anemia, leukocytosis and thrombocytopenia in predicting disease trajectory and contributes
to refining prognostic models, addressing the challenges posed by the disease’s heterogeneity.

Keywords: hematology; myelofibrosis; malignancies; risk factors

1. Introduction

Myelofibrosis (MF) is a myeloproliferative neoplasm (MPN) consisting of two dis-
tinct entities. While primary Myelofibrosis (PMF) arises de novo and without known
precipitating condition, secondary Myelofibrosis occurs as stage of disease progression in
individuals with polycythemia vera (PV) and essential thrombocythemia (ET). MF is char-
acterized by a progressing bone marrow fibrosis which leads to a subsequent disturbance
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of physiological hematopoiesis [1]. Its characteristic clinical presentation includes anemia,
hepatosplenomegaly, cachexia, bone pain and constitutional symptoms. Frequent causes
of death include transformation to acute myeloid leukemia (AML), cachexia, infections,
thrombosis and hemorrhage [2]. Dysregulated inflammatory cytokine production and
increased JAK-STAT signaling play a pivotal role in pathogenesis and clinical presentation
of the disease. The JAK kinase inhibitors ruxolitinib and fedratinib have been demonstrated
to decrease spleen size and improve symptom burden, and were therefore approved for
the treatment of MF [3–5].

Despite advancements in understanding its molecular basis, the heterogeneity of
clinical courses in MF poses challenges in predicting disease outcomes and optimizing
treatment strategies. Treatment is based on the patient’s risk profile, symptoms, age and
comorbidities. Patients with a low risk of progression might undergo watch-and-wait or
JAK inhibitor treatment in case of symptoms, while patients with a high risk of progression
should undergo allogeneic stem cell transplantation [6,7]. Accordingly, determining the
patient’s risk profile is crucial for treatment stratification.

A pivotal contribution towards enhancing prognostication in PMF has been the de-
velopment of the International Prognostic Scoring System (IPSS) by Cervantes et al. [8]
which integrates five clinical factors (age > 65 years, hemoglobin < 10 g/dL, leukocyte
count > 25 × 103/µL, circulating blasts ≥ 1%, and constitutional symptoms) to stratify
patients into distinct risk categories. This classification has proven valuable for predict-
ing survival outcomes at the time of diagnosis and thus guides treatment decisions. In
order to assess survival at any time during the clinical course, it was refined to accom-
modate risk-stratifying factors as dynamic IPSS (DIPSS) [9], extended to DIPSS plus by
the inclusion of cytogenetic factors [10]. These scoring systems established for PMF are
also used for secondary MF despite known discrepancies in assessing survival [11]. In
order to address these limitations, the Myelofibrosis Secondary to Polycythemia Vera
and Essential Thrombocythemia-Prognostic Model (MYSEC-PM) was devised, which in-
cludes hemoglobin < 11 g/dL, circulating blasts > 2%, CALR unmutated, thrombocyte
count < 150 × 103/µL, any year of age and the presence of constitutional symptoms as
risk factors [12]. The mutation-enhanced IPSS (MIPSS70) incorporates high-molecular-risk
mutations in patients below the age of 70 years [13].

However, with an incidence of 0.5–1.5 per 100,000 inhabitants per year [14–16], classical
MPN are rare diseases, making it difficult to assess the impact of prognostic factors through
a sufficiently large cohort of patients and to determine further clinical factors to assess
patient risk. In this study, we leveraged the TriNetX database to determine the impact of
criteria of the clinical MF scores accessible through the platform, which are age, hemoglobin,
leukocyte count, platelet count as well as further laboratory parameters at the time of
diagnosis on MF outcome and their impact on complications.

2. Methods
2.1. Data Source

The present study used the TriNetX federate research network which offers a collec-
tion of electronic medical records (EMRs) from 115 international healthcare organizations
(HCOs) in March 2024, including academic medical institutions, specialty physician ser-
vices and community hospitals. These EMRs include information on diagnoses, procedures,
medications, laboratory values and partially genomic data [17–20] of 143 million patients
as of March 2024.

2.2. Study Design

The present study is a retrospective study which identified patients at their first diag-
nosis of osteomyelofibrosis (D47.4) and compared their outcomes using TriNetX EMRs. The
study included MF patients irrespective of age at diagnosis with at least one documented
visit after the follow-up period or with documented death. The study excluded patients
that met the index event less than 5 or more than 20 years ago.
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For each parameter assessed, the patients were classified in two cohorts by criteria
indicated in Table 1. The thresholds for age, hemoglobin, leukocytes and platelets were
chosen as in the study establishing the original IPSS [8]. In addition, we assessed the
impact of elevated monocyte, basophil and eosinophil counts due to their association with
outcome in CML and mastocytosis [21–24]. The definition of basophilia, eosinophilia and
monocytosis are in line with thresholds established in the literature [25–27]. The patient
cohort characteristics are shown in Supplementary Table S1.

Table 1. Definition of assessed cohorts.

Cohort 1 Cohort 2

Age >65 years ≤65 years
Hemoglobin (Hb) <10 g/dL ≥10 g/dL

Leukocytes >25 × 103/µL ≤25 × 103/µL
Platelets <150 × 103/µL ≥150 × 103/µL

Monocytes >0.8 × 103/µL ≤0.8 × 103/µL
Basophiles >0.2 × 103/µL ≤0.2 × 103/µL

Eosinophiles >0.5 × 103/µL ≤0.5 × 103/µL

In order to avoid confounding, the cohorts were matched through propensity score
matching provided by TriNetX, which employs user-defined covariates to create input
matrices and then conducts logistic regression analysis to generate propensity scores for
individual subjects. These propensity scores are used to perform 1:1 matching using greedy
nearest neighbor algorithms, with a caliper width of 0.1 pooled standard deviations. To
eliminate bias resulting from the nearest neighbor algorithms, TriNetX randomizes the
order of rows. This method has been validated previously [28]. Propensity score matching
was performed regarding sex and race and, for the assessments of independent parameters,
for the other assessed variables to avoid confounding.

Diagnosis of MF was defined as the index event. The follow-up period was five years.
The outcomes assessed were survival, transformation to AML (C92.0 or increase in blasts
over 20%, as defined by the World Health Organization [1]), cachexia (R64), systemic inflam-
matory response syndrome (SIRS), (R65), venous thrombosis (I80, I81, I82) and hemorrhage
(R04, R58, K62.5). Patients with corresponding outcomes before the index event were
excluded. These events were selected as AML transformation, hemorrhage, thrombosis
and infections are the most frequent causes of death of myelofibrosis patients [29,30], while
cachexia is an established criterion of disease progression [31]. Arterial thrombotic events
were not assessed as outcomes in the present study as their evaluation would have required
baseline adjustment of the study cohorts regarding competing cardiovascular risk factors
and their management, which cannot be provided by current TriNetX analysis tools.

To evaluate the validity of the IPSS, we established a simplified IPSS scoring system
for criteria available through TriNetX. For each fulfilled criterion (age above 65 years,
hemoglobin < 10 g/dL, and leukocyte count > 25 × 103/µL at diagnosis), one point is
assigned, making 0 points the lowest and 3 points the highest possible score. No propensity
score matching was performed for the simplified IPSS comparison to assess its validity in
clinical practice without considering further parameters.

Data accessible via TriNetX are presented in an aggregated form and only contains
anonymized data as per the de-identification standard defined by the US Health Insur-
ance Portability and Accountability Act (HIPAA) in section §164,514(a). As this study
exclusively used de-identified anonymized EMRs, it did not require Institutional Review
Board approval or written informed consent. The study is in accordance with the STROBE
guidelines and the Declaration of Helsinki.

2.3. Statistical Analysis

All statistical analyses were performed on the TriNetX analytics platform which offers
statistical tools to analyze the aggregated patient data; the user of the platform cannot
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access individual patient data for reasons of data protection and confidentiality. Differences
in survival were assessed through Kaplan–Meier analysis with the Log-Rank test. Risk
ratios (RR) with their corresponding 95% confidence intervals (CI 95%) were calculated
for the different cohorts. The calculated risk ratios are defined as relative risk for the
respective event for the respective cohort 1 compared to respective cohort 2. The threshold
of statistical significance was set at p ≤ 0.05.

3. Results

In total, the network included 64,300 patients with myelofibrosis on 16 March 2024.
The course of disease with either known death within 5 years or visit after 5 years was
documented for 37,513 patients from 77 HCOs. Of these patients, 638 (1.7%) had a known
history of previous ET, and 455 (1.2%) had a history of PV. The characteristics of the study
cohort are shown in Table 2.

Table 2. Characteristics of the study cohort.

Attribute

Total cohort, n (%) 37,513 (100%)
Sex, n (%)
Female 19,976 (53.3%)
Male 15,394 (41.0%)
Unkown 2143 (5.7%)
Age at diagnosis
Mean ± SD 60.3 + 17.5
Race
White 25,963 (69.2%)
Unknown 6806 (18.1%)
Black or African American 2907 (7.7%)
Asian 802 (2.1%)
Other 1035 (2.8%)
Laboratory (mean ± SD)
Hemoglobin (in g/dL) in Blood 13.1 ± 2.0
Leukocytes (in ×103/µL) in Blood 12.3 ± 146
Platelets (in ×103/µL) in Blood 230 ± 100
Monocytes (in ×103/µL) in Blood 8.4 ± 3.6
Basophiles (in ×103/µL) in Blood 0.6 ± 0.8
Eosinophiles (in ×103/µL) in Blood 2.5 ± 2.5
Outcome
Five-year survival rate (in %) 78.4%
Documented five-year AML progression (in %) 1.3%
Documented five-year cachexia rate (in %) 1.6%
Documented five-year SIRS rate (in %) 4.9%
Documented five-year hemorrhage rate (in %) 8.0%
Documented five-year thrombosis rate (in %) 5.2%

3.1. Independent Impact of Parameters
3.1.1. Impact of Age

Age > 65 years was associated with significantly higher risk of death (RR 1.798, CI
95% 1.700–1.903, Table 3; survival 74.63% vs. 85.90% at five years, p < 0.001, Figure 1A),
AML transformation (RR 1.548, CI 95% 1.251–1.915, Table 3), hemorrhage (RR 1.280, CI 95%
1.171–1.400, Table 3) and thrombosis (RR 1.305, CI 95% 1.166–1.461, Table 3), yet showed no
significant impact on cachexia (RR 1.189, CI 95% 0.967–1.461, Table 3) or SIRS (RR 1.093,
CI 95% 0.974–1.226, Table 3). Patients over the age of 65 years significantly less frequently
received an allogeneic stem cell transplantation than patients aged 65 years or younger (RR
0.274, CI 95% 0.182–0.412; data not shown).
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Table 3. Risk Ratio (RR) and 95% Confidence Interval (95% CI) for impact of independent parameters
(rows) on events (columns) on events for myelofibrosis patients within 5 years post-diagnosis.

Death AML
Transformation Cachexia SIRS Hemorrhage Thrombosis

Risk Factor RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Age 1.798 (1.700,
1.903) 1.548 (1.251,

1.915) 1.189 (0.967,
1.461) 1.093 (0.974,

1.226) 1.280 (1.171,
1.400) 1.305 (1.166,

1.461)

Anemia 2.278 (2.120,
2.448) 6.096 (4.124,

9.010) 3.052 (2.264,
4.114) 2.970 (2.485,

3.550) 1.406 (1.206,
1.641) 1.919 (1.587,

2.320)

Leuko-cytosis 1.845 (1.474,
2.309) 3.377 (1.702,

6.702) 1.917 (0.911,
4.032) 1.130 (0.625,

2.044) 1.443 (0.882,
2.360) 1.505 (0.808,

2.802)

Thrombo-cytopenia 2.032 (1.910,
2.162) 5.632 (4.365,

7.268) 1.799 (1.397,
2.315) 2.150 (1.858,

2.487) 1.421 (1.257,
1.605) 1.579 (1.357,

1.837)

Monocytosis 1.126 (1.018,
1.245) 1.122 (0.714,

1.763) 0.941 (0.583,
1.519) 1.407 (1.092,

1.811) 1.046 (0.850,
1.288) 1.428 (1.101,

1.853)

Basophilia 0.776 (0.637,
0.945) 1.640 (0.875,

3.074) 1.482 (0.672,
3.268) 1.022 (0.636,

1.642) 1.165 (0.790,
1.717) 1.106 (0.717,

1.704)

Eosinophilia 0.734 (0.604,
0.893) 0.662 (0.322,

1.363) 0.836 (0.364,
1.921) 0.920 (0.593,

1.427) 0.966 (0.688,
1.356) 1.161 (0.731,

1.844)

Cancers 2024, 16, x FOR PEER REVIEW  5  of  13 
 

 

Documented five-year hemorrhage rate (in %)  8.0% 

Documented five-year thrombosis rate (in %)  5.2% 

3.1. Independent Impact of Parameters 

3.1.1. Impact of Age 

Age > 65 years was associated with significantly higher risk of death (RR 1.798, CI 

95% 1.700–1.903, Table 3; survival 74.63% vs. 85.90% at five years, p < 0.001, Figure 1A), 

AML transformation (RR 1.548, CI 95% 1.251–1.915, Table 3), hemorrhage (RR 1.280, CI 

95%  1.171–1.400, Table  3)  and  thrombosis  (RR  1.305, CI  95%  1.166–1.461, Table  3), yet 

showed no significant impact on cachexia (RR 1.189, CI 95% 0.967–1.461, Table 3) or SIRS 

(RR 1.093, CI 95% 0.974–1.226, Table 3). Patients over the age of 65 years significantly less 

frequently received an allogeneic stem cell transplantation than patients aged 65 years or 

younger (RR 0.274, CI 95% 0.182–0.412; data not shown). 

 

Cancers 2024, 16, x FOR PEER REVIEW  6  of  13 
 

 

 

Figure 1. Independent impact of age and laboratory parameters on 5-year survival of myelofibrosis 

patients. Age > 65 years (A), anemia with Hb < 10 g/dL (B), severe leukocytosis with leukocytes > 25 

× 103/µL (C), thrombocytopenia with thrombocytes <150 × 103/µL (D) and monocytosis with mono-

cytes > 0.8 × 103/µL (E) are independent criteria for survival (with p < 0.001 for (A–D) and p = 0.010 

for  (E)). Patients with basophils > 0.2 × 103/µL or eosinophils > 0.5 × 103/µL showed significantly 

longer survival than patients with basophils ≤ 0.2 × 103/µL or eosinophils ≤ 0.5 × 103/µL ((F,G), p = 

0.006 and p = 0.001, respectively). 

Table 3. Risk Ratio (RR) and 95% Confidence Interval (95% CI) for impact of independent parame-

ters (rows) on events (columns) on events for myelofibrosis patients within 5 years post-diagnosis. 

  Death  AML Transformation  Cachexia  SIRS  Hemorrhage  Thrombosis 

Risk Factor  RR  (95% CI)  RR  (95% CI)  RR  (95% CI)  RR  (95% CI)  RR  (95% CI)  RR  (95% CI) 

Age  1.798  (1.700, 1.903)  1.548  (1.251, 1.915)  1.189 
(0.967, 

1.461) 
1.093 

(0.974, 

1.226) 
1.280  (1.171, 1.400)  1.305 

(1.166, 

1.461) 

Anemia  2.278  (2.120, 2.448)  6.096  (4.124, 9.010)  3.052 
(2.264, 

4.114) 
2.970 

(2.485, 

3.550) 
1.406  (1.206, 1.641)  1.919 

(1.587, 

2.320) 

Leuko-cytosis  1.845  (1.474, 2.309)  3.377  (1.702, 6.702)  1.917 
(0.911, 

4.032) 
1.130 

(0.625, 

2.044) 
1.443  (0.882, 2.360)  1.505 

(0.808, 

2.802) 

Thrombo-

cytopenia 
2.032  (1.910, 2.162)  5.632  (4.365, 7.268)  1.799 

(1.397, 

2.315) 
2.150 

(1.858, 

2.487) 
1.421  (1.257, 1.605)  1.579 

(1.357, 

1.837) 

Monocytosis  1.126  (1.018, 1.245)  1.122  (0.714, 1.763)  0.941 
(0.583, 

1.519) 
1.407 

(1.092, 

1.811) 
1.046  (0.850, 1.288)  1.428 

(1.101, 

1.853) 

Basophilia  0.776  (0.637, 0.945)  1.640  (0.875, 3.074)  1.482 
(0.672, 

3.268) 
1.022 

(0.636, 

1.642) 
1.165  (0.790, 1.717)  1.106 

(0.717, 

1.704) 

Eosinophilia  0.734  (0.604, 0.893)  0.662  (0.322, 1.363)  0.836 
(0.364, 

1.921) 
0.920 

(0.593, 

1.427) 
0.966  (0.688, 1.356)  1.161 

(0.731, 

1.844) 

3.1.2. Impact of Anemia 

Anemia (Hb < 10 g/dL) was associated with significantly lower survival (RR 2.278, CI 

95% 2.120–2.448, Table 3; survival 43.79% vs. 74.11% at five years, p < 0.001, Figure 1B) as 

well as a significantly higher risk of AML transformation (RR 6.096, CI 95% 4.124–9.010, 

Table 3), cachexia (RR 3.052, CI 95% 2.264–4.114, Table 3), SIRS (RR 2.970, CI 95% 2.485–

3.550, Table 3), hemorrhage (RR 1.406, CI 95% 1.206–1.641, Table 3) and thrombosis (RR 

1.919, CI 95% 1.587–2.320, Table 3). 

Figure 1. Independent impact of age and laboratory parameters on 5-year survival of myelofibrosis
patients. Age > 65 years (A), anemia with Hb < 10 g/dL (B), severe leukocytosis with leukocytes >
25 × 103/µL (C), thrombocytopenia with thrombocytes <150 × 103/µL (D) and monocytosis with
monocytes > 0.8 × 103/µL (E) are independent criteria for survival (with p < 0.001 for (A–D) and
p = 0.010 for (E)). Patients with basophils > 0.2 × 103/µL or eosinophils > 0.5 × 103/µL showed
significantly longer survival than patients with basophils ≤ 0.2 × 103/µL or eosinophils ≤ 0.5 × 103/µL
((F,G), p = 0.006 and p = 0.001, respectively).
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3.1.2. Impact of Anemia

Anemia (Hb < 10 g/dL) was associated with significantly lower survival (RR 2.278, CI
95% 2.120–2.448, Table 3; survival 43.79% vs. 74.11% at five years, p < 0.001, Figure 1B) as
well as a significantly higher risk of AML transformation (RR 6.096, CI 95% 4.124–9.010,
Table 3), cachexia (RR 3.052, CI 95% 2.264–4.114, Table 3), SIRS (RR 2.970, CI 95% 2.485–3.550,
Table 3), hemorrhage (RR 1.406, CI 95% 1.206–1.641, Table 3) and thrombosis (RR 1.919, CI
95% 1.587–2.320, Table 3).

3.1.3. Impact of Leukocytosis

Severe leukocytosis (leukocytes > 25 × 103/µL) was associated with significantly
higher risk of death (RR 1.845, CI 95% 1.474–2.309, Table 3; survival 43.53% vs. 69.40% at
five years, p < 0.001, Figure 1C) and AML transformation (RR 3.377, CI 95% 1.702–6.702,
Table 3), yet showed no significant impact on cachexia (RR 1.917, CI 95% 0.911–4.032,
Table 3), SIRS (RR 1.130, CI 95% 0.625–2.044, Table 3), hemorrhage (RR 1.443, CI 95%
0.882–2.360, Table 3) and thrombosis (RR 1.505, CI 95% 0.808–2.802, Table 3).

3.1.4. Impact of Thrombocytopenia

Patients with thrombocytopenia (platelets < 150 × 103/µL) showed significantly lower
survival (RR 2.032, CI 95% 1.910–2.162, Table 3; survival 56.57% vs. 78.67% at five years,
p < 0.001, Figure 1D) as well as a higher risk for AML transformation (RR 5.632, CI 95%
4.365–7.268, Table 3), cachexia (RR 1.799, CI 95% 1.397–2.315, Table 3), SIRS (RR 2.150,
CI 95% 1.858–2.487, Table 3), hemorrhage (RR 1.421, CI 95% 1.257–1.605, Table 3) and
thrombosis (RR 1.579, CI 95% 1.357–1.837, Table 3).

3.1.5. Impact of Monocytosis

Monocytosis (monocytes > 0.8 × 103/µL) had an adverse impact on survival (RR 1.126,
CI 95% 1.018–1.245; survival 68.91% vs. 72.38% at five years, p = 0.010, Figure 1E) and on
the risk of SIRS (RR 1.407, CI 95% 1.092–1.811, Table 3) and thrombosis (RR 1.428, CI 95%
1.101–1.853, Table 3), and no significant impact on AML transformation (RR 1.122, CI 95%
0.714–1.763, Table 3), cachexia (RR 0.941, CI 95% 0.583–1.519, Table 3), and hemorrhage (RR
1.046, CI 95% 0.850–1.288, Table 3).

3.1.6. Impact of Basophilia

Patients with basophilia (basophils > 0.2 × 103/µL) showed lower risk of death (RR
0.776, CI 95% 0.637–0.945; survival 75.15% vs. 67.98% at five years, p = 0.006; Figure 1F).
There was no significant impact on the risk of AML transformation (RR 1.640, CI 95%
0.875–3.074, Table 3), cachexia (RR 1.482, CI 95% 0.672–3.268, Table 3), SIRS (RR 1.022,
CI 95% 0.636–1.642, Table 3), hemorrhage (RR 1.165, CI 95% 0.790–1.717, Table 3) and
thrombosis (RR 1.106, CI 95% 0.717–1.704, Table 3).

3.1.7. Impact of Eosinophilia

Eosinophilia (eosinophils > 0.5 × 103/µL) was associated with a significantly lower
risk of death (RR 0.734, CI 95% 0.604–0.893; survival 79.01% vs. 71.43% at five years,
p = 0.001, Figure 1G). Eosinophilia had no significant impact on the risk of AML transforma-
tion (RR 0.662, CI 95% 0.322–1.363, Table 3), cachexia (RR 0.836, CI 95% 0.364–1.921, Table 3),
SIRS (RR 0.920, CI 95% 0.593–1.427, Table 3), hemorrhage (RR 0.966, CI 95% 0.688–1.356,
Table 3) and thrombosis (RR 1.161, CI 95% 0.731–1.844, Table 3).

3.2. Impact of the Simplified IPSS Score
3.2.1. Comparison of 0 vs. 1 Point

Overall, 1 point (vs. 0 points) was associated with significantly higher risk of death
(RR 1.932, CI 95% 1.815–2.056, Table 4; survival 73.71% vs. 86.40% at five years, p < 0.001,
Figure 2) as well as a significantly higher risk of AML transformation (RR 2.515, CI 95%
1.934–3.271, Table 4), cachexia (RR 1.837, CI 95% 1.470–2.296, Table 4), SIRS (RR 1.609,
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CI 95% 1.429–1.812, Table 4), hemorrhage (RR 1.370, CI 95% 1.242–1.512, Table 4) and
thrombosis (RR 1.429, CI 95% 1.265–1.614, Table 4).

Table 4. Risk Ratio (RR) and 95% Confidence Interval (95% CI) for impact of the simplified IPSS score
on events for myelofibrosis patients within 5 years post-diagnosis.

Death AML
Transformation Cachexia SIRS Hemorrhage Thrombosis

Simplified
IPSS RR (95%

CI) RR (95%
CI) RR (95%

CI) RR (95%
CI) RR (95%

CI) RR (95%
CI)

0 vs. 1 1.932 (1.815,
2.056) 2.515 (1.934,

3.271) 1.837 (1.470,
2.296) 1.609 (1.429,

1.812) 1.370 (1.242,
1.512) 1.429 (1.265,

1.614)

1 vs. 2 2.255 (2.118,
2.402) 4.609 (3.616,

5.875) 2.165 (1.607,
2.918) 1.858 (1.560,

2.213) 1.287 (1.077,
1.537) 1.497 (1.221,

1.836)

2 vs. 3 1.571 (1.406,
1.756) 3.623 (2.129,

6.165) 6.604 (3.749,
11.631) 2.489 (1.479,

4.191) 3.015 (1.827,
4.976) 3.312 (1.948,

5.630)
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Figure 2. Difference in 5-year survival for patients with simplified IPSS scores from 0 to 3. Pa-
tients with 0 simplified IPSS points showed longer survival than patients with 1 simplified IPSS
point (p < 0.001). Patients with 1 simplified IPSS point showed longer survival than patients with
2 simplified IPSS points (p < 0.001). Patients with 2 simplified IPSS points showed longer survival
than patients with 3 simplified IPSS points (p < 0.001).

3.2.2. Comparison of 1 vs. 2 Points

Patients with 2 points (vs. 1 point) showed significantly higher risk of death (RR 2.255,
CI 95% 2.118–2.402, Table 4; survival 40.67% vs. 73.71% at five years, p < 0.001, Figure 2)
as well as a higher risk of AML transformation (RR 4.609, CI 95% 3.616–5.875, Table 4),
cachexia (RR 2.165, CI 95% 1.607–2.918, Table 4), SIRS (RR 1.858, CI 95% 1.560–2.213,
Table 4), hemorrhage (RR 1.287, CI 95% 1.077–1.537, Table 4), and thrombosis (RR 1.497, CI
95% 1.221–1.836, Table 4).

3.2.3. Comparison of 2 vs. 3 Points

Patients with 3 points (vs. 2 points) showed significantly higher risk of death (RR 1.571,
CI 95% 1.406–1.756, Table 4; survival 6.90% vs. 40.67% at five years, p < 0.001, Figure 2)
as well as a higher risk of AML transformation (RR 3.623, CI 95% 2.129–6.165, Table 4),
cachexia (RR 6.604, CI 95% 3.749–11.631, Table 4), SIRS (RR 2.489, CI 95% 1.479–4.191,
Table 4) and hemorrhage (RR 3.015, CI 95% 1.827–4.976, Table 4) and thrombosis (RR 3.312,
CI 95% 1.948–5.630, Table 4).

4. Discussion

Our study confirms the effect of the established risk factors of age, leukocytosis, throm-
bocytopenia and anemia on the survival probability of patients with MF and associated
complications, including transformation to AML, cachexia, SIRS, thrombosis and hemor-
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rhage. Of note, monocytosis (>0.8 × 103/µL) was associated with inferior survival, whereas
basophilia and eosinophilia were associated with improved survival.

Anemia had a significant impact on both survival and the likelihood of MF-associated
complications. Advanced age solely affected survival and, to a lesser degree, the likeli-
hood for progression to AML as well as hemorrhage and thrombosis, but not the other
examined secondary events, suggesting that reduced life expectancy can at least partially
be attributed to the physiological aging process and, in addition, might be related to the
limited treatment options available for older individuals [32], which is reflected in this
study by a significantly lower rate of allogeneic stem cell transplantations compared to
younger individuals. Leukocytosis significantly affected survival and AML transformation,
not the other assessed secondary events, which could be attributable to the relatively low
number of patients included after propensity score matching (232 patients for each of the
two cohorts).

The original IPSS did not include thrombocytopenia as it did not show an additional
impact independent of the presence of anemia [8]. Our study demonstrated that thrombo-
cytopenia, independent of the presence of anemia, has a significant and clinically relevant
impact on both survival and the likelihood of occurrence of the investigated secondary
events. Thrombocytopenia was included as a criterion in newer generations of the IPSS,
such as DIPSS and DIPSS Plus [9,10], MIPSS70+ [13], as well as for secondary MF, MYSEC-
PM [12]. While a co-occurrence of anemia and thrombocytopenia can be interpreted as a
sign of more advanced disease and bone marrow failure [33], it is possible that thrombocy-
topenia might also be linked to an inflammation-induced upregulation of the coagulation
cascade due to the high circulating levels of proinflammatory cytokines typically seen in
MF patients [31,34], which would be indicative of increased disease activity independent
of progressive bone marrow failure.

The current research on the risk of thrombosis in myelofibrosis presents a heterogeneous
picture. Previous studies indicate an increased thrombosis risk for myelofibrosis patients [30,
35], and the international prognostic score for thrombosis in essential thrombocythemia (IPSET)
has been validated for prefibrotic myelofibrosis [36]. On the other hand, it has been reported
that a low IPSS and the presence of a JAK2 V617F mutation are correlated with a higher
risk of thrombosis [37]. The data from the present study suggest that the risk of thrombosis
increases with IPSS scores. Interestingly, both hemorrhage and thrombosis risks were higher
for patients with thrombocytopenia, further suggesting an increase in platelet consumption
due to disease-induced hemostatic dysregulation as a pathophysiological mechanism [30,38].
Further research is necessary to assess the pathophysiological mechanism explaining this
divergence and to assess the drivers of thrombosis risk in myelofibrosis in order to identify
patients potentially benefiting from antithrombotic prophylaxis.

The pathophysiology of MF as disease group characterized by clonal myeloid expansion
suggests that an expansion of monocytes, basophils and eosinophils might indicate increased dis-
ease activity. Monocytosis has previously been linked to a poor prognosis in PMF patients [39];
the effect was less pronounced in the present study. Eosinophilia is commonly seen in patients
with MPN and is interpreted as sign of a perturbed hematopoiesis [40]. Basophilia was pre-
viously linked to an accelerated phase of the course of PMF with an increased risk of AML
transformation and has been linked to an inferior overall survival in patients with PMF [41,42].
Basophils plus eosinophils over 15% are considered an unfavorable sign for chronic myeloid
leukemia (CML) in the SOKAL score [21], while the EURO scores includes both high eosinophils
and basophils as independent risk factors for an adverse prognosis [22]. Interestingly, in the
present study, both eosinophilia and basophilia seemed to have a favorable effect on survival.
This relationship could be caused by confounders not yet identified. However, we speculate
that this finding could be attributable to myelofibrosis subtypes, as MF patients with high
JAK2 V617F allele burden display increased basophile counts [43] and also improved survival,
which might indicate patients with post-PV myelofibrosis that evolved from an undiagnosed
PV [44]. Further research is required to confirm the possible link between basophilia and a more
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favorable outcome in myelofibrosis, and to assess whether eosinophilia and basophilia indicate
distinct subtypes of MF.

There are limitations of the present study linked to constraints regarding the availabil-
ity of data and analysis tools through TriNetX. One limitation is the difficulty to discriminate
between primary and secondary myelofibrosis. Only approximately 3% of MF patients
in this study had a history of either PV or ET. Considering that approximately 10% of
patients with ET and PV progress to MF [45] and the comparable incidence of the classical
MPNs [14–16], this suggests potential incomplete assessment of the patients’ history in
the EMR of the respective HCO and inaccuracies of discrimination between primary and
secondary MF. Moreover, in the present study, a transformation to AML could only be
observed in 1.3% of cases, while the literature suggests five-year transformation rates of
10% for PMF [2], suggesting insufficient documentation of the patient history. Nevertheless,
provided there is an absence of systemic bias in capturing patient histories across diverse
cohorts, the deficiencies in documenting disease progression become inconsequential in
the assessment of relative risk. Regarding survival data, the patient cohort was selected
so that only patients for whom survival or death were known after 5 years were included.
The five-year survival rate of c. 78% therefore fell within the range suggested by the
literature [2,46]. Furthermore, certain outcomes cannot be clearly delineated in nature.
While cachexia is expectedly attributable to the investigated disease myelofibrosis in most
cases, systemic inflammatory response syndrome can be directly caused by the disease or
indirectly through a severe infection resulting from immunodeficiency [47]. The ICD code
I80, which is part of the thrombosis definition in the present paper, also includes phlebitis;
likewise, the outcome cachexia is not unambiguously defined, leading to potentially diverg-
ing assessment in the different HCOs. These limitations arise inevitably from the nature
of a study based on aggregated EMRs, as they do not allow the user to conduct analyses
beyond specific predefined categories.

Not all criteria of the IPSS can be validated using TriNetX. Therefore, an expansion
of the database or large population studies with alternative data collection methods are
needed. Dynamic models require further statistical models capable of assessing the impact
of time-dependent covariates which are, as of March 2024, not generally available on
TriNetX. Assessment of mutation-related criteria included in the MIPSS70 requires an
expansion of the availability of genetic information on TriNetX, which is relatively limited
at the time of the publication of this study.

As a proof of concept, our study also included a simplified IPSS that only encompassed
the criteria of the original IPSS reliably available through TriNetX (age, hemoglobin, and
leukocytes at the time of diagnosis). It was demonstrated that patients with higher scores
had an inferior prognosis on survival and the occurrence of MF-associated events and co-
morbidities, which highlights the utility of EMRs to conceive and validate prognostic scores.
Moreover, the simplified IPSS allows for the stratification of patient risk without relying on
blast count and constitutional symptoms, which lack inter-individual reproducibility and
are sensitive to subjective perception of healthcare staff or patient [48–50].

In conclusion, this study demonstrates that EMR datasets provide an immense power
to identify prognostic factors and to establish and validate prognostic scores. Our analysis
provides empirical evidence that age, leukocytosis, anemia and thrombocytopenia con-
stitute independent prognostic factors in MF patients. Additionally, our findings suggest
the inclusion of monocytosis as potential negative prognostic factor, and eosinophilia and
basophilia as potential positive prognostic indicators in MF. To fully understand the inter-
play between these factors and further, mutation-based factors, as well as their underlying
pathophysiological mechanisms, further research is required. Moreover, it is important to
investigate whether the impact of these factors varies among different patient populations.
This research is crucial for achieving an optimal prognosis for each individual patient and
aiding in informed treatment decisions.
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5. Conclusions

The present study confirmed the impact of established risk factors like high age,
anemia, thrombocytopenia and leukocytosis on survival and complications, and novel
prognostic factors like monocytosis, eosinophilia and basophilia could be identified. Thus,
the present study confirmed the utility of TriNetX EMRs to determine risk factors and to
establish and to validate clinical scores for rare diseases like myelofibrosis.
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//www.mdpi.com/article/10.3390/cancers16071416/s1, Table S1: Patient characteristics.

Author Contributions: M.K. designed the study, performed data analysis and wrote the manuscript.
N.v.B. designed the study, wrote the manuscript, and supervised the study. All authors have read
and agreed to the published version of the manuscript.

Funding: N.v.B received funding by DFG (3554/1-3). The authors declare no other sources of funding.

Institutional Review Board Statement: Data accessible via TriNetX are presented in an aggregated
form and only contains anonymized data as per the de-identification standard defined by the US
Health Insurance Portability and Accountability Act (HIPAA) in section §164,514(a). As this study
exclusively used de-identified anonymized EMRs, it did not require Institutional Review Board
approval or written informed consent. The study is in accordance with the STROBE guidelines and
the Declaration of Helsinki.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data was pulled from the constantly updated platform TriNetX
and represents the status as of 16 March 2024. Access: https://live.trinetx.com/.

Conflicts of Interest: N.v.B. received Honoraria from Novartis, Takeda, Astra Zeneca and Janssen-
Cilag. M.K. works as a consultant for the global management consultancy Bain & Company.

References
1. Arber, D.A.; Orazi, A.; Hasserjian, R.P.; Borowitz, M.J.; Calvo, K.R.; Kvasnicka, H.-M.; Wang, S.A.; Bagg, A.; Barbui, T.; Branford,

S.; et al. International Consensus Classification of Myeloid Neoplasms and Acute Leukemias: Integrating morphologic, clinical,
and genomic data. Blood 2022, 140, 1200–1228. [CrossRef]

2. Tefferi, A. Primary myelofibrosis: 2023 update on diagnosis, risk-stratification, and management. Am. J. Hematol. 2023, 98,
801–821. [CrossRef]

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

4. Harrison, C.N.; Schaap, N.; Vannucchi, A.M.; Kiladjian, J.-J.; Jourdan, E.; Silver, R.T.; Schouten, H.C.; Passamonti, F.; Zweegman,
S.; Talpaz, M.; et al. Fedratinib in patients with myelofibrosis previously treated with ruxolitinib: An updated analysis of the
JAKARTA2 study using stringent criteria for ruxolitinib failure. Am. J. Hematol. 2020, 95, 594–603. [CrossRef]

5. Pardanani, A.; Tefferi, A.; Masszi, T.; Mishchenko, E.; Drummond, M.; Jourdan, E.; Vannucchi, A.; Jurgutis, M.; Ribrag, V.;
Rambaldi, A.; et al. Updated results of the placebo-controlled, phase III JAKARTA trial of fedratinib in patients with intermediate-2
or high-risk myelofibrosis. Br. J. Haematol. 2021, 195, 244–248. [CrossRef]

6. Takenaka, K.; Shimoda, K.; Akashi, K. Recent advances in the diagnosis and management of primary myelofibrosis. Korean J.
Intern. Med. 2018, 33, 679–690. [CrossRef]

7. Amé, S.; Barraco, F.; Ianotto, J.-C.; Jourdan, E.; Rey, J.; Viallard, J.-F.; Wémeau, M.; Kiladjian, J.-J. Advances in management of
primary myelofibrosis and polycythaemia vera: Implications in clinical practice. EJHaem 2023, 4, 779–791. [CrossRef]

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

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

10. Gangat, N.; Caramazza, D.; Vaidya, R.; George, G.; Begna, K.; Schwager, S.; van Dyke, D.; Hanson, C.; Wu, W.; Pardanani, A.; et al.
DIPSS plus: A refined Dynamic International Prognostic Scoring System for primary myelofibrosis that incorporates prognostic
information from karyotype, platelet count, and transfusion status. J. Clin. Oncol. 2011, 29, 392–397. [CrossRef]

11. Gowin, K.; Coakley, M.; Kosiorek, H.; Mesa, R. Discrepancies of applying primary myelofibrosis prognostic scores for patients
with post polycythemia vera/essential thrombocytosis myelofibrosis. Haematologica 2016, 101, e405–e406. [CrossRef]

https://www.mdpi.com/article/10.3390/cancers16071416/s1
https://www.mdpi.com/article/10.3390/cancers16071416/s1
https://live.trinetx.com/
https://doi.org/10.1182/blood.2022015850
https://doi.org/10.1002/ajh.26857
https://doi.org/10.1056/NEJMoa1110557
https://doi.org/10.1002/ajh.25777
https://doi.org/10.1111/bjh.17727
https://doi.org/10.3904/kjim.2018.033
https://doi.org/10.1002/jha2.734
https://doi.org/10.1182/blood-2008-07-170449
https://doi.org/10.1182/blood-2009-09-245837
https://doi.org/10.1200/JCO.2010.32.2446
https://doi.org/10.3324/haematol.2016.149013


Cancers 2024, 16, 1416 11 of 12

12. Passamonti, F.; Giorgino, T.; Mora, B.; Guglielmelli, P.; Rumi, E.; Maffioli, M.; Rambaldi, A.; Caramella, M.; Komrokji, R.; Gotlib,
J.; et al. A clinical-molecular prognostic model to predict survival in patients with post polycythemia vera and post essential
thrombocythemia myelofibrosis. Leukemia 2017, 31, 2726–2731. [CrossRef]

13. Guglielmelli, P.; Lasho, T.L.; Rotunno, G.; Mudireddy, M.; Mannarelli, C.; Nicolosi, M.; Pacilli, A.; Pardanani, A.; Rumi, E.; Rosti,
V.; et al. MIPSS70: Mutation-Enhanced International Prognostic Score System for Transplantation-Age Patients with Primary
Myelofibrosis. J. Clin. Oncol. 2018, 36, 310–318. [CrossRef]

14. Titmarsh, G.J.; Duncombe, A.S.; McMullin, M.F.; O’Rorke, M.; Mesa, R.; de Vocht, F.; Horan, S.; Fritschi, L.; Clarke, M.; Anderson,
L.A. How common are myeloproliferative neoplasms? A systematic review and meta-analysis. Am. J. Hematol. 2014, 89, 581–587.
[CrossRef]

15. Anderson, L.A.; McMullin, M.F. Epidemiology of MPN: What do we know? Curr. Hematol. Malig. Rep. 2014, 9, 340–349.
[CrossRef]

16. Shallis, R.M.; Wang, R.; Davidoff, A.; Ma, X.; Podoltsev, N.A.; Zeidan, A.M. Epidemiology of the classical myeloproliferative
neoplasms: The four corners of an expansive and complex map. Blood Rev. 2020, 42, 100706. [CrossRef]

17. Stapff, M.P. Using real world data to assess cardiovascular outcomes of two antidiabetic treatment classes. World J. Diabetes 2018,
9, 252–257. [CrossRef]

18. Singh, S.; Khan, A. Clinical Characteristics and Outcomes of Coronavirus Disease 2019 Among Patients with Preexisting Liver
Disease in the United States: A Multicenter Research Network Study. Gastroenterology 2020, 159, 768–771.e3. [CrossRef]

19. Taquet, M.; Luciano, S.; Geddes, J.R.; Harrison, P.J. Bidirectional associations between COVID-19 and psychiatric disorder:
Retrospective cohort studies of 62 354 COVID-19 cases in the USA. Lancet Psychiatry 2021, 8, 130–140. [CrossRef]

20. Zhu, J.; Wei, Z.; Suryavanshi, M.; Chen, X.; Xia, Q.; Jiang, J.; Ayodele, O.; Bradbury, B.D.; Brooks, C.; Brown, C.A.; et al.
Characteristics and outcomes of hospitalised adults with COVID-19 in a Global Health Research Network: A cohort study. BMJ
Open 2021, 11, e051588. [CrossRef]

21. Sokal, J.E.; Cox, E.B.; Baccarani, M.; Tura, S.; Gomez, G.A.; Robertson, J.E.; Tso, C.Y.; Braun, T.J.; Clarkson, B.D.; Cervantes, F.
Prognostic discrimination in “good-risk” chronic granulocytic leukemia. Blood 1984, 63, 789–799. [CrossRef]

22. Hasford, J.; Pfirrmann, M.; Hehlmann, R.; Allan, N.C.; Baccarani, M.; Kluin-Nelemans, J.C.; Alimena, G.; Steegmann, J.L.; Ansari,
H. A new prognostic score for survival of patients with chronic myeloid leukemia treated with interferon alfa. Writing Committee
for the Collaborative CML Prognostic Factors Project Group. J. Natl. Cancer Inst. 1998, 90, 850–858. [CrossRef]

23. Valent, P.; Horny, H.-P.; Arock, M. The underestimated role of basophils in Ph+ chronic myeloid leukaemia. Eur. J. Clin. Investig.
2018, 48, e13000. [CrossRef]

24. Sperr, W.R.; Kundi, M.; Alvarez-Twose, I.; van Anrooij, B.; Oude Elberink, J.N.G.; Gorska, A.; Niedoszytko, M.; Gleixner, K.V.;
Hadzijusufovic, E.; Zanotti, R.; et al. International prognostic scoring system for mastocytosis (IPSM): A retrospective cohort
study. Lancet Haematol. 2019, 6, e638–e649. [CrossRef]

25. Hintzke, M.; Hosking, P.; Olteanu, H.; Harrington, A.; Kroft, S.H. Bone Marrow Monocytosis: A Survey of 150 Cases. Am. J. Clin.
Pathol. 2015, 144, A150. [CrossRef]

26. Kovalszki, A.; Weller, P.F. Eosinophilia. Prim. Care 2016, 43, 607–617. [CrossRef]
27. Sticco, K.L.; Pandya, N.K.; Lynch, D.T. StatPearls: Basophilia; StatPearls: Treasure Island, FL, USA, 2024.
28. Hadi, Y.B.; Lakhani, D.A.; Naqvi, S.F.; Fatima, N.U.; Sarwari, A.R. Outcomes of SARS-CoV-2 infection in patients with cystic

fibrosis: A multicenter retrospective research network study. Respir. Med. 2021, 188, 106606. [CrossRef]
29. Mughal, T.I.; Vaddi, K.; Sarlis, N.J.; Verstovsek, S. Myelofibrosis-associated complications: Pathogenesis, clinical manifestations,

and effects on outcomes. Int. J. Gen. Med. 2014, 7, 89–101. [CrossRef]
30. Kc, D.; Falchi, L.; Verstovsek, S. The underappreciated risk of thrombosis and bleeding in patients with myelofibrosis: A review.

Ann. Hematol. 2017, 96, 1595–1604. [CrossRef]
31. Savona, M.R. Are we altering the natural history of primary myelofibrosis? Leuk. Res. 2014, 38, 1004–1012. [CrossRef]
32. Meckstroth, S.; Wang, R.; Ma, X.; Podoltsev, N. Patterns of Care for Older Patients with Myelofibrosis: A Population-based Study.

Clin. Lymphoma Myeloma Leuk. 2021, 21, e551–e558. [CrossRef] [PubMed]
33. Bose, P.; Verstovsek, S. Management of Myelofibrosis-Related Cytopenias. Curr. Hematol. Malig. Rep. 2018, 13, 164–172. [CrossRef]
34. Santoshi, R.K.; Patel, R.; Patel, N.S.; Bansro, V.; Chhabra, G. A Comprehensive Review of Thrombocytopenia with a Spotlight on

Intensive Care Patients. Cureus 2022, 14, e27718. [CrossRef]
35. Lucijanic, M.; Krecak, I.; Soric, E.; Sabljic, A.; Galusic, D.; Holik, H.; Perisa, V.; Moric Peric, M.; Zekanovic, I.; Kusec, R. Patients

with post polycythemia vera myelofibrosis might experience increased thrombotic risk in comparison to primary and post
essential thrombocythemia myelofibrosis. Leuk. Res. 2022, 119, 106905. [CrossRef]

36. Guglielmelli, P.; Carobbio, A.; Rumi, E.; de Stefano, V.; Mannelli, L.; Mannelli, F.; Rotunno, G.; Coltro, G.; Betti, S.; Cavalloni, C.;
et al. Validation of the IPSET score for thrombosis in patients with prefibrotic myelofibrosis. Blood Cancer J. 2020, 10, 21. [CrossRef]

37. Barbui, T.; Ghirardi, A.; Carobbio, A.; Masciulli, A.; Carioli, G.; Rambaldi, A.; Finazzi, M.C.; Bellini, M.; Rumi, E.; Vanni, D.; et al.
Increased risk of thrombosis in JAK2 V617F-positive patients with primary myelofibrosis and interaction of the mutation with the
IPSS score. Blood Cancer J. 2022, 12, 156. [CrossRef]

38. Voigtlaender, M.; Langer, F. Management of Vascular Thrombosis in Patients with Thrombocytopenia. Hamostaseologie 2022, 42,
19–28. [CrossRef]

https://doi.org/10.1038/leu.2017.169
https://doi.org/10.1200/JCO.2017.76.4886
https://doi.org/10.1002/ajh.23690
https://doi.org/10.1007/s11899-014-0228-z
https://doi.org/10.1016/j.blre.2020.100706
https://doi.org/10.4239/wjd.v9.i12.252
https://doi.org/10.1053/j.gastro.2020.04.064
https://doi.org/10.1016/S2215-0366(20)30462-4
https://doi.org/10.1136/bmjopen-2021-051588
https://doi.org/10.1182/blood.V63.4.789.789
https://doi.org/10.1093/jnci/90.11.850
https://doi.org/10.1111/eci.13000
https://doi.org/10.1016/S2352-3026(19)30166-8
https://doi.org/10.1093/ajcp/144.suppl2.150
https://doi.org/10.1016/j.pop.2016.07.010
https://doi.org/10.1016/j.rmed.2021.106606
https://doi.org/10.2147/IJGM.S51800
https://doi.org/10.1007/s00277-017-3099-2
https://doi.org/10.1016/j.leukres.2014.04.012
https://doi.org/10.1016/j.clml.2021.01.025
https://www.ncbi.nlm.nih.gov/pubmed/33648884
https://doi.org/10.1007/s11899-018-0447-9
https://doi.org/10.7759/cureus.27718
https://doi.org/10.1016/j.leukres.2022.106905
https://doi.org/10.1038/s41408-020-0289-2
https://doi.org/10.1038/s41408-022-00743-0
https://doi.org/10.1055/a-1675-7824


Cancers 2024, 16, 1416 12 of 12

39. Boiocchi, L.; Espinal-Witter, R.; Geyer, J.T.; Steinhilber, J.; Bonzheim, I.; Knowles, D.M.; Fend, F.; Orazi, A. Development of
monocytosis in patients with primary myelofibrosis indicates an accelerated phase of the disease. Mod. Pathol. 2013, 26, 204–212.
[CrossRef]

40. Thomsen, G.N.; Christoffersen, M.N.; Lindegaard, H.M.; Davidsen, J.R.; Hartmeyer, G.N.; Assing, K.; Mortz, C.G.; Martin-Iguacel,
R.; Møller, M.B.; Kjeldsen, A.D.; et al. The multidisciplinary approach to eosinophilia. Front. Oncol. 2023, 13, 1193730. [CrossRef]

41. Lucijanic, M.; Livun, A.; Stoos-Veic, T.; Pejsa, V.; Jaksic, O.; Cicic, D.; Lucijanic, J.; Romic, Z.; Orehovec, B.; Aralica, G.; et al. High
absolute basophil count is a powerful independent predictor of inferior overall survival in patients with primary myelofibrosis.
Hematology 2018, 23, 201–207. [CrossRef]

42. Dobrowolski, J.; Pasca, S.; Teodorescu, P.; Selicean, C.; Rus, I.; Zdrenghea, M.; Bojan, A.; Trifa, A.; Fetica, B.; Petrushev, B.; et al.
Persistent Basophilia May Suggest an “Accelerated Phase” in the Evolution of CALR-Positive Primary Myelofibrosis Toward
Acute Myeloid Leukemia. Front. Oncol. 2019, 9, 872. [CrossRef] [PubMed]

43. Pieri, L.; Bogani, C.; Guglielmelli, P.; Zingariello, M.; Rana, R.A.; Bartalucci, N.; Bosi, A.; Vannucchi, A.M. The JAK2V617 mutation
induces constitutive activation and agonist hypersensitivity in basophils from patients with polycythemia vera. Haematologica
2009, 94, 1537–1545. [CrossRef] [PubMed]

44. Rozovski, U.; Verstovsek, S.; Manshouri, T.; Dembitz, V.; Bozinovic, K.; Newberry, K.; Zhang, Y.; Bove, J.E.; Pierce, S.; Kantarjian,
H.; et al. An accurate, simple prognostic model consisting of age, JAK2, CALR, and MPL mutation status for patients with
primary myelofibrosis. Haematologica 2017, 102, 79–84. [CrossRef] [PubMed]

45. Tefferi, A.; Guglielmelli, P.; Larson, D.R.; Finke, C.; Wassie, E.A.; Pieri, L.; Gangat, N.; Fjerza, R.; Belachew, A.A.; Lasho, T.L.;
et al. Long-term survival and blast transformation in molecularly annotated essential thrombocythemia, polycythemia vera, and
myelofibrosis. Blood 2014, 124, 2507–2513; quiz 2615. [CrossRef] [PubMed]

46. Masarova, L.; Bose, P.; Pemmaraju, N.; Daver, N.G.; Sasaki, K.; Chifotides, H.T.; Zhou, L.; Kantarjian, H.M.; Estrov, Z.; Verstovsek,
S. Improved survival of patients with myelofibrosis in the last decade: Single-center experience. Cancer 2022, 128, 1658–1665.
[CrossRef] [PubMed]
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