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Unlike polycythemia vera (PV), essential thrombocythemia (ET),
and prefibrotic primary myelofibrosis (pre-PMF), which show
variable expansion of myeloid cell lineages at diagnosis, overt pri-
mary myelofibrosis (PMF) may present with uni- or multi-lineage
cytosis and isolated or multiple cytopenias, the latter feature
configuring a “cytopenic” phenotype (CyP).! Among 1000 patients
with PMF seen at Mayo Clinic, anemia and thrombocytopenia at
diagnosis were found in 38%, including 24% requiring transfusions
and 18%, respectively; those figures increased to 58%, 46%, and
28% for patients within 1 year from diagnosis.? Furthermore, cy-
topenias are exacerbated by treatments, including JAK in-
hibitors.®>* Cytopenic MF is associated with a poorer prognosis
compared to the “myeloproliferative” (MyP) counterpart and poses
therapeutic challenges because of limited treatment options.” In
the aforementioned study, overall survival (OS) was 7.9 years for
patients without anemia compared to 4.9, 3.4, and 2.1 years, re-
spectively, for patients with mild, moderate, and severe anemia.
These findings were confirmed in other retrospective studies.®
Also, isolated thrombocytopenia is prognostically adverse.””® Anemia,
especially if transfusion dependent, and thrombocytopenia, are in-
dividually enlisted in conventional risk scores for survival prediction,1°-12
including MIPSS70/v2.0 score,®*"*° and are associated with increased
risk of blast phase (BP).1®
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We report herein the analysis of data derived from the European
multicenter collaborative ERNEST registry, specifically focusing on
clinical characteristics and outcomes of MF patients with CyP. The
ERNEST project prospectively enrolled patients with primary and
secondary MF across tertiary European centers, with the aim of as-
suring reliability, representativeness, and comparability of real-world
data. The project, promoted by the European LeukemiaNet (ELN) and
coordinated by FROM (Research Foundation at Papa Giovanni XXIII
Hospital in Bergamo), was supported by Novartis through a research
collaboration. From February 2013 to May 2014, 1292 patients with
WHO diagnosis of MF were included (ERNEST-1); for a subset of 584
overt PMF patients, enrolled in three countries (lItaly, Spain, Sweden),
extended follow-up data were available until the latest cutoff of
December 2020 (ERNEST-2). The Institutional Review Board and
Ethical Committee of each Centre approved the study, which was
conducted in accordance with the Declaration of Helsinki. After the
exclusion of 25 patients with incomplete data at diagnosis, a total of
559 patients constituted the current study population. A CyP was
defined by the presence of at least one cytopenia at diagnosis: (i) sex-
adjusted anemia (An), that is, hemoglobin (Hb) < 11 g/dL for male and
<10 g/dL for female, further categorized as moderate (Hb 9-10.9 and
8-9.9 g/dL) and severe (Hb <9 and <8 g/dL, respectively); the impact
of mild anemia (Hb 13-11 and 12-10g/dL) was also preliminary
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analyzed; (i) thrombocytopenia (Thr), as platelet count <100 x 10%/L;
(iii) leukopenia, as leukocytes <4 x 10%/L. Patients showing neither of
the above characteristics were considered as MyP.

Descriptive statistic was used to summarize patients' character-
istics. Continuous variables were summarized by median and inter-
quartile range and categorical ones as frequencies and percentages.
Differences between patient categories were tested with the X2 test
(or Fisher's exact test, where appropriate) or the rank-sum test for
categorical or continuous variables, respectively. Univariate and
multivariate Fine and Gray's competing risk models were fitted to
estimate the association between phenotype and BP, considering
death as a competing event; estimated sub-distribution Hazard Ratios
(sHRs) and corresponding 95% Cls were reported. The impact of CyP
on mortality was estimated by the multivariable Cox regression
model; OS was estimated by the Kaplan-Meier method.

The median follow-up was 5.4 years (interquartile range 2.5-9.1);
patients' characteristics are presented in Table 1. Preliminary analysis
on the impact of different severities of anemia revealed that mild
anemia did not impact OS, therefore it was not included in the de-
finition of CyP (Supporting Information S1: Figure 1). A CyP was
identified in 275 patients (49.2%), of which 189 (68.7%) with isolated
anemia, 32 (11.6%) with isolated thrombocytopenia, and 54 (19.6%)
with An+ Thr, accounting for 33.8%, 5.7%, and 9.7% of the entire
cohort. Mild leukopenia was detected in only 10 cases (1.8%), all
included in the An+ Thr category, that were not considered sepa-
rately. Compared to MyP, cytopenic patients were more likely to be
older (p<0.001), less frequently JAK2V617F-mutated (58.4% vs.
71.9%, p = 0.004), included in higher IPSS risk categories (int2/High:
70.8% vs. 29.3%, p<0.001), and with fewer thrombotic events

(12.4% vs. 18.3%; p = 0.051). Anemic patients tended to have higher
IPSS risk scores (76.1% vs. 24.1%, p<0.001) and less frequent
splenomegaly (77.4% vs. 100%; p=0.013) compared to isolated
thrombocytopenia. While JAK2V617F-mutated patients were en-
riched in the anemia group, triple negative (TN) patients constituted
35.3% of the thrombocytopenia cohort compared to only 2.6% of the
anemia cohort (p <0.001); no meaningful differences as regarded
systemic symptoms, history of thrombosis, and bleeding were
highlighted (Table 1).

A total of 392 patients (70.1%) died, 59.9% of MyP and 80.7%
of CyP (p <0.001); the incidence rate (IR) of death was 17.3% pt-y
(95% ClI, 15.5-19.8) and 7.8% pt-y (95% Cl, 6.6-9.1) among cy-
topenic and myeloproliferative patients, respectively (p <0.001).
Patients with An+Thr had the highest incidence rate (IR) of death
(26.8% pt-y; 95% Cl, 20.0-35.9) (p = 0.003) (Supporting Informa-
tion S1: Table 1). OS was significantly shorter in CyP compared to
MyP patients, with a median OS of 4.0 (interquartile range [IQR]:
1.7-7.5) versus 8.4 (IQR 4.6-16.1) years (p < 0.001) (Figure 1A-C),
and 10-year cumulative incidence (Cul) of death of 80.9% (95% Cl,
75.7%-85.7%) and 56.6% (95% Cl, 50.6%-62.8%), respectively
(Supporting Information S1: Table 2). Patients with An+Thr had the
worst median survival (1.7 years; IQR 0.7-4.4), with a 10-year
survival of 14.1% (95% Cl, 6.2-25.1). Analysis of variables pre-
dicting death by the multivariable Cox model (Supporting In-
formation S1: Figure 2A) identified age (with an increased risk of
death of 6% for each additional year; HR 1.06, 95% Cl, 1.05-1.07;
p <0.001), male gender (HR: 1.63, 95% Cl, 1.25-2.13; p < 0.001),
peripheral blasts 21% (HR 2.18, 95% Cl, 1.56-3.05; p <0.001),
systemic symptoms (HR: 1.34, 95% Cl, 1.05-1.72; p=0.019), and
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The 10-year cumulative incidence of death and progression to blast phase of the 559 patients with overt primary myelofibrosis, categorized

according to the cytopenic (CyP) or myeloproliferative (MyP) phenotype, enrolled in the ERNEST registry. (A-C) Kaplan-Meier estimates of overall survival
according to disease phenotype (cytopenic [CyP] vs. myeloproliferative [MyP]; A), the type of cytopenia (anemia [An], thrombocytopenia [Thr], and An+Thr; B)
and the severity of anemia (moderate (An-mod) or severe (An-sev); C). (D-F) Curves represent the Cumulative Incidence Function of blast phase (BP) evolution
for patients categorized as above. In this analysis, death was considered as a competing event.
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leukocytes 220 x 10%/L (HR 1.87, 95% ClI, 1.28-2.72; p <.001) as
being significantly associated with shortened survival. Splenome-
galy was not a significant factor for death. By using the cohort of
MyP patients as the reference category, moderate anemia (HR
1.59, 95% Cl, 1.19-2.15; p = 0.002), severe anemia (HR 1.82, 95%
Cl, 1.21-2.72; p=0.004), thrombocytopenia (HR 2.44, 95% Cl,
1.36-4.36; p =0.003), and An+Thr (HR 3.62, 95% Cl, 2.20-4.82;
p < 0.001) were all significantly associated with risk of death.

Seventy-five events of BP transformation occurred (13.4%); 45
(16.4%); and 30 (10.6%) among CyP and MyP patients (p < 0.0001),
respectively, corresponding to an IR of 3.6% pty (95% ClI,
2.7%-4.8%) and 1.4% pt-y (95% Cl, 1.0%-2.0%) (p < 0.001), (Sup-
porting Information S1: Table 1). Considering death as a competing
event, the 10-yr Cul of BP was significantly greater for cytopenic
(17.0%; 95% Cl, 12.6-21.7) than MyP (10.6%; 95% Cl 7.7-15.3) pa-
tients (p = 0.028) (Supporting Information S1: Table 2), particularly for
An+Thr patients (27.4%; 95% Cl, 16.9-41.2; p =0.018) compared to
other cytopenia categories (Figure 1D-F). Predictors of BP in a
multivariable Fine & Gray competing risk model, with death as a
competing event, were peripheral blasts 21% (HR: 3.17; 95% ClI,
1.56-6.46; p=0.001) and An+Thr phenotype (HR: 3.13; 95% Cl,
1.41-6.97; p = 0.005) (Supporting Information S1: Figure 2B).

The current collection of real-world patients with PMF from the
ERNEST-2 registry represents the largest prospective analysis focused
on cytopenic patients, and owing to the maturity of follow-up (70% of
patients died within the observation period and 13% developed BP), it
allowed a thorough evaluation of clinical correlates and outcomes. In line
with other retrospective series, 34% and 6% of PMF patients at diag-
nosis had anemia and thrombocytopenia, and 10% had both; this latter
category was burdened by the worst outcome, with 10y survival of only
14% and an OS of less than 2 years; furthermore, the cumulative in-
cidence of BP was as high as 27.4%. These data point to anemic and
thrombocytopenic patients as being at exceedingly high risk of dying and
evolving to BP, which should prompt decisions regarding allogeneic stem
cell transplantation possibly irrespective of conventional risk scores.
Another novel finding of the study was the striking association between
thrombocytopenic phenotype and triple-negativity, found in 35% of the
patients, which might contribute to explain the previously reported
unfavorable impact of TN;'” conversely, less than 3% of anemic patients
were TN. Though splenomegaly is enlisted among the diverse mechan-
isms contributing to anemia in PMF, we did not find meaningful differ-
ences between MyP and CyP patients as regarded to frequency and size
of splenomegaly, if not for more splenomegaly patients in the throm-
bocytopenic category. Such findings might help to explain the lack of
correlations between spleen volume reduction by ruxolitinib and/or
fedratinib and improvement of anemia and thrombocytopenia, which
may actually worsen in most cases representing on-target JAK2 inhibi-
tion. On the other hand, this gives support to the prevalent ACVR1
(Activin A receptor, type 1)-dependent inhibition, more than spleen
volume reduction, as the mechanism underlining the favorable effects of
momelotinib and pacritinib in anemic patients. Limitations of the present
study include the lack of detailed information about the impact of
transfusion dependence in severely anemic patients, the profile of non-
driver mutations, in particular U2AF1 that was associated with anemia
and/or thrombocytopenia,®®'? and treatments used. This notwith-
standing, we hope that this set of data will be useful for designing future
clinical trials with molecules specifically addressing the unmet needs of
cytopenic PMF patients.
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