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Abstract

Background: Patients with myeloproliferative neoplasms (MPNs) 
suffer from chronic and progressive symptom burden. MPN trials 
capturing patient-reported symptoms routinely administer the MPN 
Symptom Assessment Form (SAF). The MPN-10 assesses 10 of the 
most clinically relevant symptoms, including fatigue and generates a 
Total Symptom Score (TSS). The original MPN-10 included a fatigue 
item from the Brief Fatigue Inventory (BFI). The myelofibrosis-spe-
cific symptom assessment tool called the MFSAF v4 utilizes a fatigue 
item developed to be consistent with other items within the SAF. This 
study sought to validate a modified version of the MPN-10 TSS using 
the SAF fatigue item for harmonization with MFSAF v4.

Methods: Survey data from two cohorts of patients with essential 
thrombocythemia, polycythemia vera, or myelofibrosis assessing 
MPN characteristics and symptom burden were used.

Results and conclusion: BFI and SAF fatigue items were highly cor-
related in raw score (Pearson r = 0.88), comparable in their severity 
categorizations (89% agreement for severe versus non-severe) and 
respective contributions to the TSS (both Cronbach’s alpha = 0.89). 
Reliability of SAF fatigue was acceptable and independently associ-
ated with known disease-related characteristics (splenomegaly, low 
quality-of-life, and distress). Fatigue in patients with MPNs is meas-
ured with high similarity using the SAF fatigue item within the MPN-
10 in harmonization with the MFSAF v4.
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Introduction

The myeloproliferative neoplasms (MPNs), including es-
sential thrombocythemia (ET), polycythemia vera (PV), and 
myelofibrosis (MF), are progressive bone marrow diseases 
marked by chronic and often debilitating symptom burden. 
Hematopoietic stem cell transplantations are potentially cu-
rative measures but are generally reserved for only a small 
fraction of younger patients with good performance status [1]. 
For the remaining majority, alleviating symptom suffering, 
reducing clinical complications, and slowing progression are 
typical treatment goals in the wake of increasingly aggres-
sive disease. Evaluation of experimental therapeutics in trials 
relies on patient-reported symptoms using the MPN Symp-
tom Assessment Form (SAF) in conjunction with evaluation 
of treatment response [2]. The SAF assesses 18 symptoms 
related to MPNs scored from 0 (absent) to 10 (worst imagi-
nable). A later rendition of the SAF, called the MPN-10, con-
densed the 18 items to 10 of the most clinically meaningful 
symptoms [3]. The Total Symptom Score (TSS) is computed 
by summing the MPN-10 symptom scores. Chief among the 
most prevalent and severe symptoms in patients with MPNs 
is fatigue. Though the SAF includes a fatigue item, initial de-
ployments included an item from the Brief Fatigue Inventory 
(BFI), which asks, “Please rate your fatigue (weariness, tired-
ness) by choosing the one number that best describes your 
WORST level of fatigue during the past 24 hours.” [4]. Sub-
sequently, the MFSAF v4 was developed for MF trials which 
included a fatigue item developed to be consistent with other 
items within the SAF [5]. This item asks, “During the past 24 
hours, how severe was your worst fatigue (weariness, tired-
ness)?”

This study aimed to validate a modified version of the 
MPN-10 which includes the SAF fatigue item to harmonize 
with the MFSAF v4.

Materials and Methods

Study data

Data from two prior independent surveys [6, 7] were used for 
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this secondary analysis. Approval for each study was given by 
the Mayo Clinic Institutional Review Board and surveys were 
executed in compliance with applicable ethical standards of the 
Health Insurance Portability and Accountability Act and the 
Helsinki Declaration. For both surveys, participant consent was 
provided and survey responses were anonymous. Links to the re-
spective surveys were promoted via multiple MPN-related web-
sites and their affiliated Facebook pages.

Study 1: BFI and SAF fatigue comparison sample

To validate the harmonized SAF fatigue item within the MPN-
10, data were used from a randomized survey deployed in 2017 
designed to test measure equivalence, validity, and reliability 
for the MFSAF v4. Patients completed surveys in one of eight 
possible, randomly assigned, ordering sequences. Sequences in 
which patients completed both the BFI and SAF fatigue items in 
addition to the remainder of the MPN-10 items are included in 
this current study for comparison of BFI and SAF fatigue. Se-
quences in which patients completed the SAF fatigue item twice 
are included here as a comparator for test/retest reliability. The 
recall period throughout this survey was the last 24 h.

Study 2: SAF fatigue implementation sample

To evaluate the relationship between known MPN-disease 
corelates with this modified version of the MPN-10, data were 
used from a survey assessing the impact of the coronavirus dis-
ease 2019 (COVID-19) pandemic on patient care during June 
of 2020. SAF fatigue was used in place of BFI fatigue to con-
struct the MPN-10. The recall period throughout this survey 
was the past week.

Statistical analysis

Within study 1, agreement between BFI and SAF fatigue 
scores, and twice administered SAF fatigue scores, were 
assessed using Pearson correlations (r) and Bland-Altman 
methods. Fatigue was categorized as severe (≥ 7) versus non-
severe (< 7); and absent (0), mild (1 - 3), moderate (4 - 6), and 
severe (7 - 10). Absolute agreement between categories was 
computed. MPN-10 TSS was computed using BFI and SAF 
fatigue items, separately, and Pearson correlation was com-
puted between the TSS. Internal consistency of the TSS was 
assessed using Cronbach’s alpha. Order effects were evalu-
ated using paired t-tests. Within study 2, known-groups valid-
ity was evaluated by comparing SAF fatigue between patients 
with and without reported splenomegaly using a t-test [8]. 
Convergent validity was assessed using Pearson correlation 
between SAF fatigue and overall quality-of-life measured by 
a numeric rating scale (0 - 10) [9] and distress measured by 
the National Comprehensive Cancer Network Distress Ther-
mometer [10]. Means and 95% confidence intervals (CIs) 
were reported. P values less than 0.05 were considered statis-
tically significant.

Results and Discussion

Study 1

There were 464 consenting adults with ET (n = 165), PV (n = 
196), or MF (n = 103). Mean age was 58 years (range 27 - 90 
years), 371 (80%) were female, and 493 (96%) were White. 
After randomization, 224 (48%) completed the BFI and SAF 
items and 240 (52%) completed the SAF items twice. Among 
those completing BFI and SAF items, 52% (116/224) received 
the BFI item first and 48% (108/224) received the SAF item 
first. There was no difference between first and second fatigue 
scores (mean difference (first score minus second) = 0.01; CI: 
-0.16, 0.19). The BFI and SAF fatigue scores were highly cor-
related (Fig. 1a; r = 0.88, P < 0.001) and severity categori-
zation agreement was high (89% (199/224) for severe versus 
non-severe; 74% (165/224) for overall categories). Bland-
Altman methods indicate the BFI and SAF fatigue items have 
high agreement with no evidence of directional bias (regres-
sion slope = -0.03; P = 0.33) and only clinically insignificant 
overall bias (mean difference = 0.20; CI: 0.03, 0.37; Fig. 1b). 
Computing the scale score with BFI and SAF separately result-
ed in nearly identical TSS (r = 0.997, P < 0.001) and equivalent 
internal consistency (both Cronbach’s alpha = 0.89). Among 
those completing the SAF item twice, SAF fatigue scores were 
highly correlated (Fig. 1c; r = 0.89, P < 0.001) and severity 
categorization agreement was high (87% (208/240) for severe 
versus non-severe; 75% (181/240) for overall categories), met-
rics which mirrored the BFI/SAF comparisons. Bland-Altman 
methods also showed strong indication of test/retest reliability 
with no evidence of directional bias (regression slope = -0.01, 
P = 0.77) and only clinically insignificant overall bias (mean 
difference (first score minus second) = 0.27; CI: 0.10, 0.43; 
Fig. 1d).

Study 2

There were 1,129 consenting adults with ET (n = 522), PV (n 
= 387), or MF (n = 220). Mean age was 61 years (range 21 - 93 
years), 848 (75%) were female, and 1,074 (95%) were White. 
Known-groups analysis showed those who reported spleno-
megaly reported higher MPN-10 TSS (computed with SAF fa-
tigue) than those without (n = 291 and 602, respectively; mean 
difference = 7.7; CI: 5.3, 10.0). Those with higher MPN-10 
TSS reported lower quality-of-life scores (r = -0.50, P < 0.001) 
and higher levels of distress (r = 0.41, P < 0.001).

Fatigue is a key disease-related symptom among patients 
with MPNs [11]. Measuring fatigue within the MPN-10 is 
essential for characterizing symptomatic burden [8, 12]. As 
noted by Gwaltney et al, the SAF fatigue item was modeled 
after the BFI fatigue item. The BFI and SAF versions evaluat-
ing fatigue are very similar in wording. As such, it should be 
unsurprising that the results presented here support BFI and 
SAF fatigue items being highly comparable in raw score, se-
verity categorizations, and in their respective contributions to 
the MPN-10 TSS. Further, the test/retest results of the SAF 
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fatigue item support acceptable reliability. When implement-
ing the SAF fatigue item in an independent, subsequent survey 
of MPN patients, the modified MPN-10 TSS was associated 
with known disease-related characteristics and other patient-
reported outcomes demonstrating construct validity. Notwith-
standing, there are limitations to data from anonymous inter-
net-based surveys such as volunteer bias. For example, both 
surveys asked about MPN diagnosis and splenomegaly with-
out confirmatory clinical data. However, it is generally accept-
ed that MPN patients have good comprehension of their diag-
nosis and MPN-related health status. Also, participants from 
both surveys were disproportionally female (80% and 75% for 
studies 1 and 2, respectively). Though the general MPN patient 
population is roughly 53% female [13], a bias towards female 
survey participation is common among other independent sur-
veys of patients with MPNs [1, 14-18]. This may be a function 
of the survey dissemination method using internet platforms 
with disproportionally female users, an unmeasured gender 

survey-participation bias phenomenon, or some other uncon-
trolled mechanism. Future internet-based MPN patient surveys 
should aim to reduce this participation bias during the survey 
design phase. Ultimately, we believe these limitations do not 
jeopardize these findings. Disease-related fatigue is measured 
equivalently using the SAF fatigue item within the MPN-10 in 
harmonization with the MFSAF v4.
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