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Abstract
Ruxolitinib is beneficial in patients with myelofibrosis (MF) and polycythemia vera (PV). Information on ruxolitinib adher-
ence is scant. The Ruxolitinib Adherence in Myelofibrosis and Polycythemia Vera (RAMP) prospective multicenter study 
(NCT06078319) included 189 ruxolitinib-treated patients. Patients completed the Adherence to Refills and Medications Scale 
(ARMS) and Distress Thermometer and Problem List (DTPL) at the earliest convenience, after registration in the study, and 
at later timepoints. At week-0, low adherence (ARMS > 14) and high distress (DT ≥ 4) were declared by 49.7% and 40.2% of 
patients, respectively. The main reason for low adherence was difficult ruxolitinib supply (49%), intentional (4.3%) and unin-
tentional (46.7%) non-take. In multivariable regression analysis, low adherence was associated to male sex (p = 0.001), high 
distress (p < 0.001), and treatment duration ≥ 1 year (p = 0.03). Over time, rates of low adherence and high distress remained 
stable, but unintentional non-take decreased from 47.9% to 26.0% at week-48. MF patients with stable high adherence/low 
distress were more likely to obtain/maintain the spleen response at week-24. Low adherence to ruxolitinib represents an 
unmet clinical need that require a multifaceted approach, based on reason behind it (patients characteristics and treatment 
duration). Its recognition may help distinguishing patients who are truly refractory and those in need of therapy optimization.
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Introduction

Myelofibrosis (MF) is a Philadelphia-negative myelopro-
liferative neoplasm (MPN) characterized by splenomegaly, 
systemic symptoms, blood cell abnormalities and a tendency 
to develop thrombotic/hemorrhagic complications and evo-
lution into Acute Myeloid Leukemia (AML), resulting in 
significantly reduced survival expectation [1–3].

Polycythemia Vera (PV) is a classical MPN characterized 
by an abnormally elevated red blood cell production caused 
by the acquisition of somatic mutations in the JAK2 gene, 
which drives the normal erythropoiesis and myelopoiesis. 
Like MF, PV is burdened by important systemic symptoms 
and reduced quality of life. Also, PV has an increased risk 
of thrombosis and evolution into post-PV MF and/or AML 
[4–7].

Ruxolitinib is a JAK1/2 inhibitor indicated in MF patients 
with splenomegaly and/or symptoms and in PV patients who 
are resistant or intolerant to hydroxyurea. The registrative 
COMFORT studies proved clear superiority in spleen and 
symptoms responses over control arms for MF patients 
[8–10]. RESPONSE studies showed the efficacy of ruxoli-
tinib in controlling hematocrit, leukocyte and platelet count, 
in PV patients with or without splenomegaly, after hydrox-
yurea failure [11, 12].

The efficacy of ruxolitinib is based on continuous admin-
istration, as a ruxolitinib discontinuation syndrome, charac-
terized by rapid re-expansion of splenomegaly and symp-
toms, is observed in MF when the drug is stopped [13]. 
Additionally, the discontinuation of ruxolitinib in PV usually 
lead to increase of hematocrit values and re-occurrence of 
systemic symptoms [14].

It is known that there is a dose–response effect in rux-
olitinib-treated patients, with doses lower than 10 mg twice 
daily being associated with lower responses in MF [15]. E. M. Elli and G. A. Palumbo are co-last authors.
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Poor adherence may increase treatment failure [16] ad it 
was recently observed that around one third of the MF patients 
report an inadequate adherence to ruxolitinib [17]. However, 
there is dearth of evidence-based data on the role adherence 
to ruxolitinib therapy in the wider MPN patient population.

The “Ruxolitinib Adherence in Myelofibrosis and Poly-
cythemia Vera” (RAMP) multicenter prospective study was 
designed to evaluate the incidence of low adherence to rux-
olitinib therapy, and the factors associated with it, including 
the psychological distress. Also, the modification over time 
of self-reported adherence and distress were monitored and 
correlated with spleen responses in MF patients.

Materials and methods

Study design

The RAMP study (NCT06078319) included MF and PV 
patients diagnosed between January 1985 and December 2021 
in 9 academic Hematology Centers (Appendix). Centers col-
lectively submitted the requested clinical, laboratory infor-
mation and results of self-reported questionnaires. The total 
number of medical files was reported by each center by data 
input into an electronic database after de-identification of the 
patients with an alphanumeric code to protect personal privacy.

Data collected included patient demographics, instruc-
tion, medications, clinical/laboratory tests at diagnosis and 
during follow-up, type of therapies, death and causes of 
death. Any treatment decision was at the physician’s discre-
tion independently from participation to this study. After 
the first data entry, the follow-up information was revised.

Patients completed the validated Adherence to Refills and 
Medications Scale (ARMS) [18] and Distress Thermometer 
and Problem List (DTPL) [19] at the earliest convenient time 
after registration in this study (i.e., week-0), irrespective 
of the date of ruxolitinib start. In no patient week-0 cor-
responded to the first ruxolitinib intake. ARMS and DTPL 
evaluations were repeated at week 4, 8, 12, 24 and 48.

The ARMS consists of 12 items rated on a four-point Lik-
ert scale ranging from 1 (never) to 4 (always). Lower scores 
indicate better adherence. Eight questions investigate more 
specifically intentional (Q2, Q5, Q6, Q7) or non-intentional 
(Q1, Q4, Q8 and Q10) non-adherence, while four questions 
investigated logistical (Q3, Q9, Q12) or financial (Q11) 
aspects of drug supply.

The ARMS questionnaire has already been used in pre-
vious studies of patients with hematologic malignancies 
receiving chronic therapies, showing the value of this meas-
ure in capturing adherence to therapy in these settings [20].

Patients were asked to describe the magnitude of emo-
tional distress they had experienced in the last week by 

indicating, on a visual analogue scale (a drawn thermom-
eter), a number ranging from 0 (no emotional distress/stress) 
to 10 (maximum emotional distress/stress). From 4 to 6 a 
moderate level of distress is detected, finally from 7 to 10 the 
distress is high [21]. Patients are also asked to indicate which 
of the problems, presented in a problem list and grouped 
in 5 categories (practical, relational, emotional, spiritual, 
physical-functional), have been predominant [19, 22].

Definitions

MF and PV were diagnosed according to the 2016 WHO 
classification [23]. MF risk category was assessed at week-0 
according to the DIPSS [24]. Spleen response was evaluated 
in patients with MF as defined by the IWG-MRT criteria 
[25]. Patient-reported symptoms were evaluated by the vali-
dated MPN10-Total Symptoms Score (TSS) [26].

Different ARMS cut-off values have been used in dif-
ferent cohorts to categorize patients according to low and 
high adherence [27–29]. For the purpose if this study, the 
cut-off value of 14 was selected as it was the mean ARMS 
score in our cohort. The DT cut-off value of 4 was chosen 
to distinguish patients with high or low distress, according 
to standard definition [21].

Ethical aspects

The RAMP was an academic study performed in accordance 
with the guidelines of the IRBs of the participating centers and 
the standards of the Helsinki Declaration. All patients provided 
written informed consent. The promoter of this study was the 
IRCCS Azienda Ospedaliero-Universitaria S. Orsola-Mal-
pighi, Bologna, which obtained the approval by the Area Vasta 
Emilia Centro (AVEC) Ethics Committee (Approval file num-
ber: 1064/2020/Oss/AOUBo). The study was also approved by 
the local Ethics Committee of participating Centers.

Statistical analyses

Statistical analysis was performed at the biostatistics labora-
tory of the MPN-Unit, IRCCS Azienda Ospedaliero-Univer-
sitaria S. Orsola-Malpighi, Bologna.

Continuous variables were summarized by their median 
and range, while categorical variables by count and frequency 
(%) of each category. ARMS and DT scores were summa-
rized by their mean and standard deviation (SD). Association 
between categorical variables was tested by the χ2 test.

To assess factors associated with low adherence and 
high distress, the following week-0 variables selected on 
the basis of clinical plausibility, were explored using a 
logistic regression model: sex, age > 70 years, MF diag-
nosis (vs PV), intermediate-2/high DIPSS risk (vs inter-
mediate-1/low risk), TSS ≥ 20, palpable spleen, presence 
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of caregiver, professionally active, low educational 
level, high distress, low adherence, need for concomi-
tant therapies, intake of ≥ 6 tablets/day excluding ruxoli-
tinib, > 1 year from start of ruxolitinib to week-0.

Regressors associated respectively with low adherence and 
distress with p < 0.05 in univariate analysis (UVA), were jointly 
tested in a multivariable analysis (MVA) in a linear logistic 
regression model. In addition, by univariate Cox proportional 
hazards models, we evaluated associations between death/
discontinuation and week-0 low adherence and high distress.

Variations in spleen response rates between week-0 
and week-24 in patients with MF were assessed using the 
McNemar test.

For all tested hypotheses, two-tailed p-values < 0.05 
were considered significant. All statistical analyses were 
performed using STATA Software, 15.1 (StataCorp LP, 
College Station TX, USA).

Results

Study population

Between June 2020 and May 2022, 189 patients completed 
at least one ARMS and DTPL test. Out of 189, 141 patients 
had a MF, and 48 had a PV. Patients’ characteristics are 

summarized in Table 1. Interestingly, median TSS was com-
parable across the two diseases with around 25% of MF and 
PV patients having a TSS ≥ 20.

The first questionnaire was completed within 1 year 
from ruxolitinib start in 127 patients (67.2%), and therefore 
evaluated early adherence to ruxolitinib. In the 62 (32.8%) 
patients who entered the study after more than one year of 
ruxolitinib therapy, late adherence was evaluated. During 
the 48-week observation time, 8 patients discontinued rux-
olitinib and 10 died. Thirty-two (16.9%) patients refused to 
fill the questionnaires and dropped out of the study at various 
times. Patient disposition is summarized in Supplemental 
Fig. 1.

Overall, 138 (73%) patients, defined “full-completers”, 
completed all tests from week-0 to week-48. The percent-
age of “full completers” was slightly higher in PV (38/48, 
79.2%) than in MF (100/141, 70.9%).

Basic patients’ information

At week-0, a preliminary questionnaire was administered to 
all patients to collect key social information. Overall, 46.5% 
of the patients declared to have a low level of education 
(middle school or lower) (Supplemental Table 1).

Notably, 80.4% of patients received other drugs besides 
ruxolitinib, and 94 (49.7%) were taking more than 6 tablets 

Table 1   Characteristic at first administration of the ARMS/DTPL questionnaires

PV polycythemia vera, MF myelofibrosis, BMI body mass index, TSS total symptom score, n.a. not applicable

Characteristic at week-0 PV (n. 48, 25.4%) MF (n. 141, 74.6%) p-value

Male sex, no. (%) 31 (64.6%) 81 (57.5%) 0.39
Age (years), median (range) 65.7 (37–84) 71.1 (33.7–88.9) 0.008

  > 65 years, no. (%) 26 (54.2%) 102 (72.3%) 0.02
  > 70 years, no. (%) 17 (35.4%) 78 (55.3) 0.02

Median time on ruxolitinib, years (range) 2.57 (0.5–13.4) 2.4 (0.05–13.1) 0.9
  Median time from diagnosis to w0, years (range) 9.8 (0.3–28.9) 3.6 (0.1–26.7)  < 0.001
  > 1 year from ruxolitinib start, no. (%) 40 (83.3%) 110 (78.0%) 0.43

Palpable Spleen
  median cm below left costal margin (BLCM), median (range) 0 (0–8) 3 (0–30)  < 0.001
  Spleen ≥ 10 cm BLCM, no. (%) 0 24 (17.0%) 0.002

BMI, median (range) 26 (19.5–37) 24 (16–35.5) 0.002
Hemoglobin, median (range), g/dL 13.8 (9.2–16.2) 11.6 (6.4–17.6)  < 0.001
Platelet count, median (range), × 109/L 381 (122–1539) 314 (42–1425) 0.06
Leukocyte count, median (range), × 109/L 9.3 (3.7–29.2) 10.55 (3.1–92.5) 0.1
TSS, median (range) 27 (0–70) 26 (0–100) 0.84
TSS ≥ 20, no. (% on 152 available) 10 (25%) 31 (28.4%) 0.68
Peripheral blasts, median (range), % 0 0 (0–10) 0.007
Spleen response, no. (% on 141 MF evaluable patients) n.a 65 (46.1)
Main reason for ruxolitinib start in PV patients, no. (%)

  Intolerance to hydroxyurea 22 (45.8%) n.a
  Resistance to hydroxyurea 26 (54.2%) n.a
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per day (ruxolitinib excluded). However, almost all rec-
ognized the importance of correct ruxolitinib intake for 
improving their health status. Finally, being followed at all 
times by a fixed team of hematologists was found to be criti-
cal in generating a satisfactory patient-doctor relationship.

Ruxolitinib adherence at week‑0

At week-0, the mean ARMS was 14.35 (SD, 2.02). Over-
all, 94 (49.7%) patients declared a low adherence (ARMS 
score > 14).

Table 2 shows the main differences in patients’ responses 
to the 12-ARMS items, according to low or high adherence 
to ruxolitinib.

Considering the 94 patients who reported a low adherence 
at week-0, the main reason for low adherence was attributed 
to difficult ruxolitinib supply process (46 patients, 48.9%), 
as demonstrated by high scores in Q3 and Q12. However, 
many patients (44 patients, 46.8%) reported mainly an unin-
tentional non-take. Accordingly, intentional low adherence 
was rare and reported only by 4 (4.3%) patients.

Notably, among the 42 patients who responded to for-
get to take ruxolitinib sometimes, often, or always (Q1), 24 
(57%) also reported that the reason behind such forgetfulness 
was the twice-daily administration of the drug (Q10).

Globally, the percentage of patients declaring a low adherence 
was comparable in PV (54.2%) and MF (48.2%) (p = 0.48). How-
ever, considering only the 4 questions related to unintentional 
low adherence, this was more frequent in the PV cohort, where 
17 out of 26 PV patients (65.4%) declared an unintentional low 
adherence (vs 27 out of 68 MF patients, 39.7%, p = 0.03).

In UVA, low adherence was associated to male sex 
(p = 0.003), high levels of distress (p = 0.006), duration 
of ruxolitinib therapy > 1 year (1.94, p = 0.03). In MVA, 
all variables maintained their significance (male sex, 
p = 0.001; high distress, p < 0.001; duration of ruxolitinib 
therapy > 1 year, p = 0.04) (Fig. 1A).

Considering only MF patients, a low adherence was asso-
ciated to male sex (OR:3.6, 95%CI:1.29–5.12, p = 0.001) and 
high distress (OR:3.4, 95%CI:1.27–4.31, p = 0.002).

In PV patients, low adherence was associated to low edu-
cational level (OR:3.7, 95%CI:1.05–13.24, p = 0.04).

Psychological distress at week‑0

At week-0, the mean DT score was 3.18 (SD, 2.87). Con-
sidering the cut-off value of DT ≥ 4, 76 patients (40.2%) 
had a high distress. The percentage of patients with high 
distress was comparable in PV (41.7%) and MF (39.7%) 
(p = 0.81).

In UVA, high distress was associated to female sex 
(p = 0.007), TSS ≥ 20 (p = 0.008) and low adherence 
(p = 0.007). In MVA, female sex (p = 0.03), TSS ≥ 20 
(p = 0.01), low adherence (p = 0.006), were confirmed as 
risk factors for high distress (Fig. 1B).

Overall, 4.5% of the patients reported only emotional 
problems, 28.5% only physical and 55.9% both. Patients with 
high distress differed from patients with low distress mainly 
in emotional and physical problems (Supplemental Table 2 
and Supplemental Fig. 2).

Table 2   Responses to ARMS items according to high or low adherence at week 0

For the sake of clarity, patients who responded “never” (score 1) were isolated from patients who reported to have non-complete adherence 
sometimes (score 2), often (score 3), or always (score 4)
* For question 12 was used the reverse-code

Questions LOW-ADH (94) HIGH-ADH (95)

Score = 1 Score ≥ 2 Score = 1 Score ≥ 2

1. How often do you forget to take your medicine? 58 (61.7%) 36 (38.3%) 89 (93.7%) 6 (6.3%)
2. How often do you decide not to take your medicine? 88 (93.6%) 6 (6.4%) 94 (98.9%) 1 (1.1%)
3. How often do you forget to get prescriptions for your medicine? 91 (96.8%) 3 (3.2%) 95 (100%) 0
4. How often do you run out of medicine? 88 (93.6%) 6 (6.4%) 92 (96.8%) 3 (3.2%)
5. How often do you skip a dose of your medicine before you go to the doctor? 90 (95.7%) 4 (4.3%) 94 (98.9%) 1 (1.1%)
6. How often do you miss taking your medicine when you feel better? 93 (98.9%) 1 (1.1%) 95 (100%) 0
7. How often do you miss taking your medicine when you feel worse? 92 (97.9%) 2 (2.1%) 94 (98.9%) 1 (1.1%)
8. How often do you miss taking your medicine when you are careless? 60 (63.8%) 34 (36.2%) 90 (94.7%) 5 (5.3%)
9. How often do you change the dose of your medicines to suit your needs? 91 (96.8%) 3 (3.2%) 92 (96.8%) 3 (3.2%)
10. How often do you forget to take your medicine when you are supposed to take it more 

than once a day?
66 (70.2%) 28 (29.8%) 95 (100%) 0

11. How often do you put off refilling your medicines because they cost too much money? 94 (100%) 0 95 (100%) 0
12. How often do you plan ahead and refill your medicines before they run out?* 74 (78.7%) 20 (21.3%) 86 (90.5%) 9 (9.5%)
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Adherence and distress over time

Adherence and distress over time were evaluated in the 138 
full-completers. The percentages of patients with low adher-
ence (Fig. 2A) and high distress (Fig. 2B) mildly fluctu-
ated during the observation time, ranging between 49.3% to 
56.5% and between 37.7% to 44.2%, respectively.

Looking separately at the 3 categories of questions 
(intentional, unintentional, refill process) among patients 
who reported low adherence at each timepoint, the per-
centage of patients who reported unintentional non-take 
decreased from 47.9% to 26.0% over time. No consistent 
changes were observed in the other 2 categories of reasons 
for non-adherence (Supplemental Fig. 3 and Supplemental 
Table 3).

A total of 51 (36.9%) patients always reported a low 
adherence through the study. Stable low adherence was 
more frequent in PV (52.6% vs 31% in MF, p = 0.02). In 
UVA, stable low adherence was associated to male sex 
(OR:3.64, 95%CI:1.69–7.90, p = 0.001), PV diagnosis 

(OR:2.47, 95%CI:1.15–5.3, p = 0.02), high distress (OR:2.0, 
95%CI:1.0–4.0, p = 0.05). In MVA, male sex (OR:4.6, 
95%CI:2.0–10.5, p < 0.001) and high distress (OR:3.2, 
95%CI:1.44–7.04, p = 0.004) maintained statistical sig-
nificance. Considering MF and PV patients separately, sta-
ble low adherence was associated only to male sex in MF 
(OR:3.5, 95%CI:1.39–9.0, p = 0.008) and to low educational 
level in PV (OR:6.3, 95%CI:1.63–24.5, p = 0.008).

A total of 31 (22.5%) patients always reported a high dis-
tress, comparably in MF and PV (p = 0.83). In MF patients, 
TSS ≥ 20 (OR:3.34, 95%CI:1.35–8.30, p = 0.009) was asso-
ciated with a stable high distress.

Correlation between adherence, distress, outcome, 
and spleen response in MF patients

Among the 18 patients who discontinued ruxolitinib 
(n = 8) or died (n = 10) during the 48-week observation 
time, 17 had a diagnosis of MF. Week-0 low adherence 
(p = 0.14) and high distress (p = 0.66) were not associated 

Fig. 1   Week-0 characteristics 
associated with low adherence 
(A) and high distress (B)
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with subsequent ruxolitinib discontinuation or death. 
Patients reporting low adherence and high distress at 
both week-0 and 4 had a slightly higher probability of 
ruxolitinib discontinuation or death in the following 
weeks with respect to other patients (HR:1.59, 95% 
CI:0.44–5.81; p = 0.48).

Overall, 61 MF patients always declared a high 
adherence through week-0 to week-24. At week-0, 26 

patients (42.6%) had a spleen response. At week 24, 
36 MF patients had maintained or achieved the spleen 
response, while 25 had lost or failed to obtain the spleen 
response (p = 0.02). Analogously, among the 69 MF 
patients always declaring a low distress, the probability 
of maintaining or achieving spleen response was higher 
(p = 0.04) (Table 3).

Fig. 2   Percentages of 138 “full 
completers” that declared to 
have a low adherence (A) and 
a high distress (B) overall and 
according to disease type

A

B

Table 3   Changes in the rates of 
spleen response in patients with 
stable high adherence and low 
distress

* P-value of McNemar test assessing the variations of spleen response rates between week 0 and week 24

Status Worsened response Improved 
response

Status P*

Week 0 (n. 61) Week 24
Spleen response in 

patients with sta-
ble HIGH-ADH

no 35 (57.4%) n.a 13 25 (41.0%) 0.02
yes 26 (42.6%) 3 n.a 36 (59.0%)

Week 0 (n. 69) Week 24
Spleen response 

in patients with 
stable LOW-DT

no 36 (52.2%) n.a 10 28 (40.6%) 0.04
yes 33 (47.8%) 2 n.a 41 (59.4%)
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Discussion

In this study, almost half of the patients reported low adher-
ence to ruxolitinib. This percentage slightly fluctuated dur-
ing the 48-week observation period and, of the 138 full-
completers, 36.9% consistently reported low adherence. This 
finding is surprising in its magnitude, as the immediate and 
dose-dependent beneficial effect of ruxolitinib has always 
suggested a priori near-optimal adherence in most patients. 
Indeed, ruxolitinib discontinuation may evoke a clinically 
significant discontinuation syndrome [13]. However, similar 
findings of low adherence had already been reported in the 
prospective “ROMEI” study [17].

This study also identified some risk factors for low adher-
ence, including male gender, prolonged (> 1 year) therapy 
with ruxolitinib, and high levels of psychological distress. 
Chronic therapies are often associated with reduced com-
pliance and therefore require closer patient monitoring 
[30]. Notably, 40.2% of patients had a high level of dis-
tress at week-0, consistently reported by 22.5% of patients 
at all timepoints. Female gender and high symptom burden 
(TSS ≥ 20) at week-0 were found to be the main factors asso-
ciated with high distress.

These data are consistent with the low quality of life that 
characterizes all MPN patients, regardless of disease type 
[31–34]. Accordingly, at week-0 we observed no difference 
distress and TSS values between the two diseases, highlighting 
how PV patients started on ruxolitinib can have debilitating 
symptoms as in MF. The reasons for high distress were mainly 
related to physical problems, most of which were a direct con-
sequence of the hematological cancer, especially in MF.

High distress and low adherence were found to be corre-
lated. The association between distress and reduced patient 
self-care including lower medication adherence was observed 
in other chronic diseases but was never demonstrated in MPNs. 
This finding may support the importance of integrating psy-
chological support into the management of MPN patients [35].

The main reason for low adherence was the difficulty in 
obtaining ruxolitinib. While high-cost drugs are dispensed 
free of charge in Italy, patients have to collect ruxolitinib 
from the hospital pharmacy every 28 days after a personal-
ized electronic request from the treating hematologist. This 
system, while ensuring a tightly controlled drug supply, may 
be difficult to manage for some patients. In PV, low adher-
ence was also more frequent in patients with low levels of 
education [36]. These findings suggest that providing appro-
priate support and information to patients according to their 
health literacy and socioeconomic status may be crucial to 
improve adherence and reduce distress [37, 38].

Notably, low adherence was unintentional in most 
cases, and among patients who reported missing doses, 
the majority attributed this oversight to the twice-daily 
administration of ruxolitinib. Overall, this is aligned with 
other reports showing that multiple daily administrations 
may reduce patient compliance [39]. However, the per-
centage of patients reporting unintentional low adher-
ence tended to decrease over time. Random variation in 
these percentages cannot be ruled out. However, both the 
increased focus of the hematologist on adherence and the 
serial administration of the questionnaires over time may 
have had a beneficial impact on patient compliance, reduc-
ing unintentional low adherence.

We observed a significant association between stable 
levels of low adherence/high distress and reduced spleen 
responses in MF. The promotion of adherence to ruxoli-
tinib and the amelioration of the psychological conditions 
of MF patients may therefore become a crucial clinical 
endpoint, since they correlate with better responses, which 
ultimately lead to more favorable outcome [15]. Accord-
ingly, poor adherence has been associated with increased 
treatment failure in many diseases, with serious social and 
economic consequences [16].

We acknowledge the limitations of this study, mainly 
the self-reported nature of the questionnaires used for the 
first time in a cohort of MPN patients, the relatively small 
number of patients included and the different timing of 
the first ARMS/DTPL assessment. However, these patients 
were all prospectively followed in dedicated hematology 
centers and homogeneously treated with ruxolitinib, and 
the drop-out rate was relatively low for a long-term obser-
vational study including patients with chronic malignan-
cies and high disease burden.

To the best of our knowledge, this is the first prospec-
tive study evaluating adherence to ruxolitinib and psycho-
logical distress over a 48-week period, reported by patients 
using the distress thermometer alongside the ARMS-scale 
[18, 21].

We show that low adherence to ruxolitinib repre-
sents an unmet clinical need that requires a multifaceted 
approach based on patient characteristics including gen-
der, health literacy, symptom burden, disease type and 
treatment duration. Correct assessment of adherence 
may be relevant to clinical practice, as it may differenti-
ate truly refractory MF patients from those in need of 
therapy optimization. Strategies to address system and 
organizational barriers and to improve patient awareness 
and cooperation are warranted.



	 Annals of Hematology

Appendix

Center Contributors

IRCCS Azienda Ospedaliero-Univer-
sitaria di Bologna, Bologna, Italy / 
Dipartimento di Medicina Special-
istica, Diagnostica e Sperimentale, 
Università di Bologna, Bologna, Italy

Francesca Palandri
Giuseppe Auteri
Camilla Mazzoni
Marta Venturi
Filippo Branzanti
Nicola Vianelli
Michele Cavo

Department of Scienze Mediche, Chi-
rurgiche e Tecnologie Avanzate “G.F. 
Ingrassia”, University of Catania, Italy

Postgraduate School of Hematology, 
University of Catania

Giuseppe A. Palumbo
Andrea Duminuco

Hematology Division, San Gerardo 
Hospital, ASST Monza, Italy

Elena M. Elli
Alessia Ripamonti

Hematology, S. Eugenio Hospital, Tor 
Vergata University, ASL Roma2, 
Rome, Italy

Elisabetta Abruzzese
Malgorzata M. Trawinska
Vanessa Velotta

Hematology Division, Foundation 
IRCCS Ca' Granda Ospedale Maggiore 
Policlinico, Milan

Alessandra Iurlo
Daniele Cattaneo

Section of Hematology, University of 
Verona, Verona, Italy

Massimiliano Bonifacio
Mauro Krampera
Luigi Scaffidi
Andrea Bernardelli

Ematologia, Ospedale Businco, Univer-
sità degli studi di Cagliari, Cagliari, 
Italy

Giovanni Caocci
Maria Pina Simula
Olga Mulas
Alessandro Costa

U.O.C. di Ematologia, Department of 
Hemato-Oncology, Azienda Ospe-
daliera Annunziata

Francesco Mendicino
Enrica A. Martino

Hematology Unit, Ospedale Belcolle, 
Viterbo, Italy

Roberto Latagliata

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00277-​024-​05704-0.

Acknowledgements  This work was supported by Ministero della 
Salute Ricerca corrente and by BolognAIL.

Author contributions  F.P., F.E., F.H.H., G.A., E.M.E., G.A.P. inter-
preted the data, wrote the original draft, and revised and edited the final 
version of manuscript. F.P., G.A., E.A., G.C., M.B., F.M., R.L., A.I., 
B.G., M.M.T., D.C., M.K., O.M., E.A.M., M.B., E.M.E., N.V., M.C. 
and G.A.P. performed the research. F.P., G.A., S.I., F.E. designed the 
research study. F.B. analysed the data and prepared all the figures. All 
Authors: critically revised and edited the manuscript and have approved 
the submitted and final version.

Funding  Open access funding provided by Alma Mater Studiorum - 
Università di Bologna within the CRUI-CARE Agreement. The work 
reported in this publication was funded by Italian Ministry of Health, 
RC-2023–2778963 project.

Data availability  The data that support the findings of this study are 
available from the corresponding author, F.P., upon reasonable request.

Declarations 

Competing interests  Fr. Pa. consultancy and honoraria from AbbVie, 
Amgen, AOP, BMS Celgene, Novartis, CTI, GlaxoSmithKline, Gri-
fols, Karyopharm, Morphosys, Sierra Oncology, Sobi; G.A.P. hono-
raria from Abbvie, AOP, AstraZeneca, BMS Celgene, Novartis, Incyte, 
Jannsen, Takeda; A. Iu., M.Br. and M. Bo. honoraria from Novartis, 
BMS, Pfizer, Incyte; M. Kr honoraria from Novartis, Amgen; F.H.H. 
consultancy for Novartis, CTI and Celgene and research funding from 
Novartis; M. Ca acted as consultant and received honoraria from 
Jannsen, BMS Celgene, SanoFI, GlaxoSmithKline, Takeda, Amgen, 
Oncopeptides, AbbVie, Karyopharm, and Adaptive; F. Ef. consultancy 
for AbbVie, Incyte, Syros and Novartis outside the submitted work.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Tefferi A (2021) Primary myelofibrosis: 2021 update on diagnosis, 
risk-stratification and management. Am J Hematol 96(1):145–162

	 2.	 Garmezy B, Schaefer JK, Mercer J, Talpaz M (2021) A provider’s 
guide to primary myelofibrosis: pathophysiology, diagnosis, and 
management. Vol. 45, Blood Reviews. Churchill Livingstone

	 3.	 Passamonti F, Mora B (2023) Myelofibrosis. Blood 
141(16):1954–1970

	 4.	 Passamonti F, Rumi E, Arcaini L, Castagnola C, Lunghi M, 
Bernasconi P et al (2005) Leukemic transformation of poly-
cythemia vera: a single center study of 23 patients. Cancer 
104(5):1032–1036

	 5.	 Tefferi A, Rumi E, Finazzi G, Gisslinger H, Vannucchi AM, 
Rodeghiero F et al (2013) Survival and prognosis among 1545 
patients with contemporary polycythemia vera: an international 
study. Leukemia 27(9):1874–1881

	 6.	 Passamonti F, Rumi E, Pungolino E, Malabarba L, Bertazzoni 
P, Valentini M et al (2004) Life expectancy and prognostic fac-
tors for survival in patients with polycythemia vera and essential 
thrombocythemia. Am J Med 117(10):755–761

	 7.	 Vannucchi AM (2017) From leeches to personalized medicine: 
evolving concepts in the management of polycythemia vera. Hae-
matologica 102(1):18–29

	 8.	 Harrison CN, Vannucchi AM, Kiladjian JJ, Al-Ali HK, Gisslinger 
H, Knoops L et al (2016) Long-term findings from COMFORT-II, 
a phase 3 study of ruxolitinib vs best available therapy for myelofi-
brosis. Leukemia 30(8):1701–1707

	 9.	 Verstovsek S, Mesa RA, Gotlib J, Gupta V, DiPersio JF, Catalano 
JV et al (2017) Long-term treatment with ruxolitinib for patients 
with myelofibrosis: 5-year update from the randomized, double-
blind, placebo-controlled, phase 3 COMFORT-I trial. J Hematol 
Oncol 10(1):1–14

https://doi.org/10.1007/s00277-024-05704-0
http://creativecommons.org/licenses/by/4.0/


Annals of Hematology	

	10.	 Verstovsek S, Gotlib J, Mesa RA, Vannucchi AM, Kiladjian JJ, 
Cervantes F et al (2017) Long-Term survival in patients treated 
with ruxolitinib for myelofibrosis: COMFORT-I and-II pooled 
analyses. J Hematol Oncol 10(1):1–6

	11.	 Passamonti F, Palandri F, Saydam G, Callum J, Devos T, Gug-
lielmelli P et al (2022) Ruxolitinib versus best available therapy 
in inadequately controlled polycythaemia vera without spleno-
megaly (RESPONSE-2): 5-year follow up of a randomised, phase 
3b study. Lancet Haematol 9(7):e480–e492

	12.	 Kiladjian JJ, Zachee P, Hino M, Pane F, Masszi T, Harrison CN 
et al (2020) Long-term efficacy and safety of ruxolitinib versus 
best available therapy in polycythaemia vera (RESPONSE): 5-year 
follow up of a phase 3 study. Lancet Haematol 7(3):e226–e237

	13.	 Palandri F, Palumbo GA, Elli EM, Polverelli N, Benevolo G, 
Martino B et al (2021) Ruxolitinib discontinuation syndrome: 
incidence, risk factors, and management in 251 patients with 
myelofibrosis. Blood Cancer J 11(1):4

	14.	 Tremblay D, Ronner L, Podoltsev N, Gotlib J, Heaney M, Kuyken-
dall A et al (2021) Ruxolitinib discontinuation in polycythemia 
vera: Patient characteristics, outcomes, and salvage strategies from 
a large multi-institutional database. Leuk Res 1(109):106629

	15.	 Palandri F, Palumbo GA, Bonifacio M, Tiribelli M, Benevolo G, 
Martino B et al (2017) Baseline factors associated with response 
to ruxolitinib: an independent study on 408 patients with myelofi-
brosis. Oncotarget 8(45):79073–79086

	16.	 Osterberg L, Blaschke T (2005) Adherence to Medication. N Engl 
J Med 353(5):487–497

	17.	 Guglielmelli P, Palandri F, Selleri C, Cilloni D, Mendicino F, 
Mazza P et al (2022) Adherence to ruxolitinib, an oral JAK1/2 
inhibitor, in patients with myelofibrosis: interim analysis from 
an Italian, prospective cohort study (ROMEI). Leuk Lymphoma 
[Internet] 63(1):189–198

	18.	 Kripalani S, Risser J, Gatti ME, Jacobson TA (2009) Development 
and evaluation of the adherence to refills and medications scale 
(ARMS) among low-literacy patients with chronic disease. Value 
Health 12(1):118–123

	19.	 Donovan KA, Grassi L, McGinty HL, Jacobsen PB (2014) Valida-
tion of the distress thermometer worldwide: state of the science. 
Psychooncology 23(3):241–250

	20.	 Efficace F, Cottone F, Yanez B, Kota V, Castagnetti F, Caocci G 
et al (2024) Patient-reported symptom monitoring and adherence 
to therapy in patients with newly diagnosed chronic myeloid leu-
kemia. Cancer 130(2):287–299

	21.	 Cutillo A, O’Hea E, Person SD, Lessard D, Harralson TL, 
Boudreaux E (2017) NCCN distress thermometer: cut off points 
and clinical utility. Oncol Nurs Forum 44(3):329

	22.	 Roth AJ, Kornblith AB, Batel-Copel L, Peabody E, Scher HI, 
Holland JC (1998) Rapid screening for psychologic distress in 
men with prostate carcinoma. Cancer 82(10):1904–1908

	23.	 Swerdlow SH, Campo E, Pileri SA, Lee Harris N, Stein H, Siebert 
R et al (2016) The 2016 revision of the World Health Organization 
classification of lymphoid neoplasms. Blood 127(20):2375

	24.	 Passamonti F, Cervantes F, Vannucchi AM, Morra E, Rumi E, 
Cazzola M et al (2010) Dynamic international prognostic scoring 
system (DIPSS) predicts progression to acute myeloid leukemia 
in primary myelofibrosis. Blood 116(15):2857–2858

	25.	 Tefferi A, Cervantes F, Mesa R, Passamonti F, Verstovsek S, Van-
nucchi AM et al (2013) Revised response criteria for myelofibro-
sis: international working group-myeloproliferative neoplasms 
research and treatment (IWG-MRT) and European LeukemiaNet 
(ELN) consensus report. Blood 122(8):1395–1398

	26.	 Emanuel RM, Dueck AC, Geyer HL, Kiladjian JJ, Slot S, Zweeg-
man S et al (2012) Myeloproliferative neoplasm (MPN) symptom 

assessment form total symptom score: prospective international 
assessment of an abbreviated symptom burden scoring system 
among patients With MPNs. J Clin Oncol 30(33):4098

	27.	 Lomper K, Chabowski M, Chudiak A, Białoszewski A, Dudek 
K, Jankowska-Polańska B (2018) Psychometric evaluation of the 
Polish version of the adherence to refills and medications scale 
(ARMS) in adults with hypertension. Patient Prefer Adherence 
12:2661

	28.	 Bonsu KO, Young S, Lee T, Nguyen H, Chitsike RS (2022) 
Adherence to antithrombotic therapy for patients attending a mul-
tidisciplinary thrombosis service in Canada – a cross-sectional 
survey. Patient Prefer Adherence 16:1771–1780

	29.	 Alammari G, Alhazzani H, Alrajhi N, Sales I, Jamal A, Almigbal 
TH et al (2021) Validation of an Arabic version of the adherence 
to refills and medications scale (ARMS). Healthcare (Switzerland) 
9(11):1430

	30.	 Cramer JA, Rosenheck R, Kirk G, Krol W, Krystal J (2003) Medi-
cation compliance feedback and monitoring in a clinical trial: 
predictors and outcomes. Value Health 6(5):566–573

	31.	 Langlais BT, Geyer H, Scherber R, Mesa RA, Dueck AC (2019) 
Quality of life and symptom burden among myeloproliferative 
neoplasm patients: do symptoms impact quality of life? Leuk 
Lymphoma 60(2):402–408

	32.	 Kosiorek HE, Scherber RM, Geyer HL, Verstovsek S, Langlais 
BT, Mazza GL et al (2022) Quality of life independently predicts 
overall survival in myelofibrosis: key insights from the controlled 
MyeloFibrosis study with oral Janus kinase inhibitor treatment 
(COMFORT)-I study. Br J Haematol 198(6):1065–1068

	33.	 Mesa RA, Niblack J, Wadleigh M, Verstovsek S, Camoriano J, 
Barnes S et al (2007) The burden of fatigue and quality of life in 
myeloproliferative disorders (MPDs): an international Internet-
based survey of 1179 MPD patients. Cancer 109(1):68–76

	34.	 Harrison CN, Koschmieder S, Foltz L, Guglielmelli P, Flindt T, 
Koehler M et al (2017) The impact of myeloproliferative neo-
plasms (MPNs) on patient quality of life and productivity: results 
from the international MPN Landmark survey. Ann Hematol 
96(10):1653–1665

	35.	 Eghbali M, Akbari M, Seify K, Fakhrolmobasheri M, Heidarpour 
M, Roohafza H et al (2022) Evaluation of psychological distress, 
self-care, and medication adherence in association with hyperten-
sion control. Int J Hypertens 2022:7802792

	36.	 Huang YM, Pecanac KE, Shiyanbola OO (2020) ‘Why am I not 
taking medications?’ Barriers and facilitators of diabetes medica-
tion adherence across different health literacy levels. Qual Health 
Res 30(14):2331–2342

	37.	 Verweel L, Newman A, Michaelchuk W, Packham T, Goldstein 
R, Brooks D (2023) The effect of digital interventions on related 
health literacy and skills for individuals living with chronic dis-
eases: A systematic review and meta-analysis. Int J Med Inform 
1:177

	38.	 Buyens G, van Balken M, Oliver K, Price R, Venegoni E, Lawler 
M et al (2023) Cancer literacy - Informing patients and imple-
menting shared decision making. J Cancer Policy 1:35

	39.	 Falagas ME, Karagiannis AKA, Nakouti T, Tansarli GS (2015) 
Compliance with once-daily versus twice or thrice-daily admin-
istration of antibiotic regimens: a meta-analysis of randomized 
controlled trials. PLoS One 10(1):e0116207

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.



	 Annals of Hematology

Authors and Affiliations

F. Palandri1   · G. Auteri1,2 · E. Abruzzese3 · G. Caocci4 · M. Bonifacio5 · F. Mendicino6 · R. Latagliata7 · A. Iurlo8 · 
F. Branzanti2 · B. Garibaldi9 · M. M. Trawinska3 · D. Cattaneo8 · M. Krampera5 · O. Mulas4 · E. A. Martino6 · M. Cavo1,2 · 
N. Vianelli1 · S. Impera10 · F. Efficace11 · F. Heidel12 · M. Breccia13 · E. M. Elli14 · G. A. Palumbo15

 *	 F. Palandri 
	 francesca.palandri@unibo.it

	 G. Auteri 
	 giuseppe.auteri2@unibo.it

	 E. Abruzzese 
	 elisabetta.abruzzese@uniroma2.it

	 G. Caocci 
	 giovanni.caocci@unica.it

	 M. Bonifacio 
	 massimiliano.bonifacio@univr.it

	 F. Mendicino 
	 dott.mendicino.ematologiacs@gmail.com

	 R. Latagliata 
	 rob.lati@libero.it

	 A. Iurlo 
	 alessandra.iurlo@policlinico.mi.it

	 F. Branzanti 
	 filippo.branzanti2@unibo.it

	 B. Garibaldi 
	 brunga93@gmail.com

	 M. M. Trawinska 
	 trawinskamm@hotmail.com

	 D. Cattaneo 
	 daniele.cattaneo@unimi.it

	 M. Krampera 
	 mauro.krampera@univr.it

	 O. Mulas 
	 mulasolga@gmail.com

	 E. A. Martino 
	 enricaantoniamartino@libero.it

	 M. Cavo 
	 michele.cavo@unibo.it

	 N. Vianelli 
	 nicola.vianelli@unibo.it

	 S. Impera 
	 st.impera@alice.it

	 F. Efficace 
	 f.efficace@gimema.it

	 F. Heidel 
	 heidel.florian@mh-hannover.de

	 M. Breccia 
	 breccia@bce.uniroma1.it

	 E. M. Elli 
	 elena.elli@libero.it

	 G. A. Palumbo 
	 palumbo.gam@gmail.com

1	 IRCCS Azienda Ospedaliero-Universitaria Di Bologna, 
Istituto Di Ematologia “Seràgnoli”, Bologna, Italy

2	 Dipartimento Di Medicina Specialistica, Diagnostica E 
Sperimentale, Università Di Bologna, Bologna, Italy

3	 Hematology, S.Eugenio Hospital, Tor Vergata University, 
ASL Roma2, Rome, Italy

4	 Hematology Unit, Department of Medical Sciences, 
University of Cagliari, Cagliari, Italy

5	 Hematology and Bone Marrow Transplant Unit, Section 
of Biomedicine of Innovation, Department of Engineering 
for Innovative Medicine, University of Verona, Verona, Italy

6	 U.O.C. Di Ematologia, Department of Hemato‑Oncology, 
Azienda Ospedaliera Annunziata, Cosenza, Italy

7	 Hematology Unit, Ospedale Belcolle, Viterbo, Italy
8	 Hematology Division, Foundation IRCCS Ca’ Granda 

Ospedale Maggiore Policlinico, Milan, Italy
9	 Postgraduate School of Hematology, University of Catania, 

Catania, Italy
10	 Department of Hematology, ARNAS Garibaldi, Catania, 

Italy
11	 Data Center and Health Outcomes Research Unit, Italian 

Group for Adult Hematologic Diseases (GIMEMA), Rome, 
Italy

12	 Hematology, Hemostasis, Oncology and Stem Cell 
Transplantation, Hannover Medical School (MHH), 
Hannover, Germany

13	 Division of Cellular Biotechnologies and Hematology, 
University Sapienza, Rome, Italy

14	 Divisione di Ematologia e Unità Trapianto di Midollo, 
Fondazione IRCCS San Gerardo Dei Tintori, Monza, Italy

15	 Dipartimento di Scienze Mediche, Chirurgiche e Tecnologie 
Avanzate “G.F. Ingrassia”, Università Di Catania, Catania, 
Italy

http://orcid.org/0000-0001-8367-5668

	Ruxolitinib Adherence in Myelofibrosis and Polycythemia Vera: the “RAMP” Italian multicenter prospective study
	Abstract
	Introduction
	Materials and methods
	Study design
	Definitions
	Ethical aspects
	Statistical analyses

	Results
	Study population
	Basic patients’ information
	Ruxolitinib adherence at week-0
	Psychological distress at week-0
	Adherence and distress over time
	Correlation between adherence, distress, outcome, and spleen response in MF patients

	Discussion
	Appendix
	Acknowledgements 
	References


