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Background: Disease-specific factors associated with decreased quality of life
(Qol) in patients with leukemia have not been studied in a large-scale, global,
observational study.

Methods: This cross-sectional study used the validated Hematological
Malignancy Patient Reported Outcomes (HM-PRO) questionnaire to assess the
impact of leukemia subtype, age, sex, and years living with the disease on QoL of
patients with leukemia.

Results: Overall, 2,628 patients responded: 45.7% had chronic lymphocytic
leukemia (CLL), 34.0% had chronic myeloid leukemia (CML), 11.8% had acute
myeloid leukemia (AML), and 3.5% had acute lymphoblastic leukemia (ALL). HM-
PRO scores differed significantly between leukemia subtypes (p<0.001); patients
with ALL reported the worst outcomes. Women had significantly worse scores
than men (p<0.001). HM-PRO scores were inversely correlated both with age (p=
—-0.24, p<0.001) and years living with the disease (p= —0.14, p<0.001).

Conclusion: Patients reported the greatest concerns over their future treatment
and future health, as well as concerns over dying and being a burden to others.
Patients need access to support services, such as the availability of a clinical
psychologist as part of the hematology team, to provide support with the
emotional aspects of a leukemia diagnosis, especially for patients with acute
leukemia subtypes reporting the lowest mean QoL scores.
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1 Introduction

Leukemia (the production of abnormal leukocytes) subtypes can
be broadly broken down into acute or chronic, based on the speed of
proliferation; and myeloid or lymphoid, based on where the cells
originate (1). The predominant subtypes of leukemia are acute
myeloid leukemia (AML), acute lymphoblastic leukemia (ALL),
chronic myeloid leukemia (CML) and chronic lymphocytic
leukemia (CLL) (1). CLL is the most common subtype of leukemia,
with approximately 4.1 cases/100,000 adults, resulting in
approximately 4,500 deaths per year in the United States (US) (2).
AML is the second most common form of leukemia, making up
approximately 1.1% of cancer diagnoses, but around 1.9% of cancer
deaths (3). AML most frequently occurs in adults, causing symptoms
of bone marrow failure and organ infiltration (3). CML accounts for
approximately 15% of all diagnoses of leukemia in adults (1-2 cases/
100,000 adults). Functional cure is common; however, this requires
lifelong observation and continued treatment (4). ALL is most
common in children aged 1-4 years, although it also affects adults;
approximately 60% of the 6000 cases reported annually in the US are
reported in patients <20 years old (5). The pediatric survival rate of
ALL is >90% (5). Patient populations and prognosis are highly
variable between these predominant subtypes, particularly between
acute and chronic etiologies. This would have an impact on the choice
of treatment since treatment options are also very varied (6-8).

It is well documented that quality of life (QoL) is impacted by
leukemia diagnosis and treatment (9-14). Previous studies have
reported that age and sex are significantly associated with QoL
scores in patients with leukemia (14, 15), whereas in the general
population age has not been found to independently reduce QoL (16).
However, a more recent study has reported that sex is often associated
with QoL in the general population (17). The Duration of disease has
also been found to negatively impact QoL in other chronic conditions
(18-20). It is therefore evident that the impact of age, sex, or years
living with the disease on QoL, as well as how this varies across all
four main subtypes of leukemia has not previously been studied in a
large-scale observational study within a global population.

The Acute Leukemia Advocates Network (ALAN) is an
independent global network of patient organizations, aiming to
use patient advocacy to improve outcomes of patients with acute
leukemia. Similarly, the CLL Advocates Network (CLLAN) and the
CML Advocates Network (CMLAN) aim to improve patient
outcomes for patients with CLL and CML, respectively.

The aim of this study therefore was to assess how QoL (measured
by the validated Hematological Malignancy Patient Reported
Outcomes [HM-PRO] instrument (21-23)) varied for patients with
AML, ALL, CML, or CLL, as well as whether QoL (HM-PRO scores)
is influenced by patients’ age, sex, or years living with the disease.

2 Materials and methods
2.1 Study design and ethics

We conducted a cross-sectional study of patients with leukemia
in European, African, Asian, North American, and South American
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countries between 18 September 2021 and 07 January 2022. This
study was conducted in accordance with the Declaration of Helsinki
and International Society for Pharmacoepidemiology (ISPE)
guidelines for Good Clinical and Pharmacoepidemiology Practice
(GPP). The study protocol and informed consent form were reviewed
and approved by each participating patient support group in their
respective country. The ALAN Network based in Switzerland, was
responsible for coordination and the contract research organization,
IQVIA (UK & Ireland Healthcare and Government Division) was
responsible for data management and analysis for the study. Patients
were provided with written information explaining the study design
and were asked to provide consent electronically before participating
in the study. Adequate protections were taken to maintain the
confidentiality of their responses. Data were managed in
compliance with the General Data Protection Regulation and any
regulations regarding management of personal data required by
participants’ respective country of residence.

The STROBE (STrengthening the Reporting of OBservational
studies in Epidemiology) Checklist (24) was implemented in the
design and reporting of the study (Supplementary Table 1).

2.2 Study assessment tools

The study questionnaire was developed based on an existing
patient pathway experience questionnaire (14). The ALAN Network
also agreed to include a number of questions relating to the COVID-
19 pandemic, as well as the validated established Hematological
Malignancy Patient Reported Outcomes (HM-PRO) instrument
(21-23). The HM-PRO contains items specific to QoL aspects
impacted by hematological malignancies; these include physical,
social, and emotional health, eating and drinking, symptoms, and
side effects (21-23). The HM-PRO consists of two parts, assessing
impact (Part A) and signs and symptoms (Part B) of hematological
malignancies. Both scales have linear scoring systems ranging from 0
to 100, with higher scores representing greater (negative) impact on
QoL and symptom burden. The HM-PRO recall period for Part A is
“at the moment” (i.e., at present, today) and for part B is the last
three days. A minimal clinically important difference (MCID) for
HM-PRO in patients with hematological malignancies is 6.2
according to standard error of measurement (25). Overall, the
study assessment tool consisted of 200 questions (some with sub
questions, across 16 sections, including demographic information).
This analysis reports on Part A of the patient questionnaire.

The data included socio-demographics, disease and treatment
profile, and QoL. The results reported in this manuscript are those
relevant to the study aims: to assess whether age and years living
with the disease, are correlated to the HM-PRO scores of patients
with a) chronic and b) acute leukemia.

2.3 Content validity and
cognitive debriefing

The HM-PRO, as part of its original development in English
language underwent extensive psychometric testing including content
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validity (21-23). Content validity is identified as the most important
step of psychometric testing of a newly developed PRO instrument by
FDA in their PRO Guidelines documents (26). The 10 translations of
the HM-PRO were carried out by MAPI Research Trust following the
established standard approach outlined in the ISPOR PRO instrument
cross-cultural adaptation document (27). This process encompassed
two forward and backward translations, consolidation at the end of
each step and then arbitration by the developers of the original HM-
PRO, followed by content validity (cognitive debriefing) involving
patient with hematological malignancy. On finalization of cross-
cultural adaption of the HM-PRO to the 10 languages, respective
translation certificates were issued by the MAPI Research Trust.

2.4 Study participants and procedure

This was a global study; participants were recruited through
national patient support groups (i.e. members of ALAN, CLLAN,
and CMLAN Networks), via email, social media, and newsletters.
The questionnaires were made available in ten languages: Chinese,
English, French, German, Hebrew, Italian, Korean, Portuguese
(Brazilian), Russian, and Spanish. These official certified
translations were used in all 76 countries. The study was of 16
weeks duration (18 September 2021 and 07 January 2022) and the
patients were asked to only complete the sections that were relevant
to their leukemia subtype. It was determined that a sample size of at
least 350 patients would be sufficient to address the study objective
based on 5% margin of error and a 95% confidence interval.

2.5 Statistical analysis

For all questions (with the exception of those asked in the form
of “tick all that apply”) the percentage responses were calculated
after excluding those respondents who did not answer that
particular question.

The overall number of evaluable responses for questions which
were presented in the form of “tick all that apply” was determined
by the number of respondents eligible to respond. Missing
responses were those where any eligible respondents chose not to
select any options. Additionally, where applicable, scores have been
recalculated to exclude non-specific responses (such as don’t know/
can’t remember), or responses indicating that the question was not
applicable to the participant’s circumstances. Where responses were
missing, percentages are based on the number of patients who
answered that question. Age was calculated by subtracting birth
year from 2021; years living with the disease (disease duration) was
calculated by subtracting year of diagnosis from 2021-.

Since the HM-PRO Part A scores were not normally distributed
(right skewed), non-parametric statistical methods were used for the
analysis. Two sample Wilcoxon rank-sum, or Kruskal-Wallis rank tests,
were used to test for differences in scores between groups. Chi-squared
(xz) test was used to test differences between categorical variables.

The Spearman’ rank correlation coefficient (p) was used to
determine the strength of relationships (and partial correlation)
between the scores, patient age and years living with the disease
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(disease duration); an absolute value of 0.7 or greater indicated a
strong relationship, 0.4 -0.7, a moderate relationship and between
0.2 and 0.4 a weak relationship.

The HM-PRO domain score (physical behavior score [PB
SCORE], emotional behavior score [EB SCORE], social well-being
score [SW SCORE], eating and drinking [ED SCORE]), and total
HM-PRO [PARTA SCORE] were represented in score banding (no
impact=0-7, small impact=8-25, moderate impact=26-41, very large
impact = 42-74, extremely large impact=75-100) (28). The
independent correlates of ordinal dependent variables (namely, PB
SCORE, EB SCORE, SW SCORE, ED SCORE, and PARTA SCORE)
were identified by preliminary testing the proportionality of odds
associated to all covariates across response categories in multiple
regression models. The proportionality assumption was tested by the
likelihood-ratio (LR) test (29) considering as null hypothesis that
there was no difference in the regression coefficients linking each
covariate to the levels of the outcome variable (that is, no covariate
has a disproportionate effect on a specific level of the dependent
variable). If the null hypothesis is accepted (P value of LR test >0.05),
an ordinal logistic regression was fitted for each outcome variable. In
these models, the odds ratio indicates how much increases the odds of
being in a higher level of the outcome variable, given that all the other
variables in the model are held constant. If the null hypothesis is
rejected (P value of LR test <0.05), different logistic models were fitted
to describe the relationship between covariates and each pair of
outcome categories appropriately grouped. For example, the PART
- A SCORE categories are numbered 1, 2, 3, 4, and 5. The first panel
of odds ratios can be interpreted as those from a binary logistic
regression where the dependent variable is recoded as 1 vs 2 + 3 +
4 + 5. The second panel of odds ratio can be interpreted as those from
a binary logistic regression where the dependent variable is recoded
1 +2vs3+4+5,etc. Thus, in this analysis odds ratio are interpreted
as in standard binary logistic models where categories of outcome
variable are collapsed into two categories. Positive coefficients mean
that higher values on the covariates make higher values on the
dependent variable more likely. In these models, data were
expressed as odds ratio (OR), standard error (SE), z value, P value,
and 95% confidence intervals. Missing answers were random and
were excluded for these tests. The probability of type I error was set at
p <0.05. Stata 11 (29) was used for data processing and analysis.

3 Results

3.1 Socio-demographic characteristics of
the study participants

Overall, 2,628 patients aged 16 and over completed the
questionnaires and were included in the analysis.

The most common diagnosis was CLL (1,202 patients [45.7%]),
while 893 (34.0%) patients had a diagnosis of CML, 310 (11.8)
patients had AML, and 93 (3.5%) patients had ALL (Table 1). A
further 130 patients (5.0%) responded “other” for diagnosis type.

The questionnaire was completed by patients from 76 countries.
The majority of patients were from the UK (1,312 patients, 49.9%),
USA (147, 5.6%), Canada (110, 4.2%), Israel (70, 2.7%), Australia
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TABLE 1 Demographics and characteristics of the study participants.

10.3389/frhem.2024.1502166

ALL AML CLL CML Overall
Diagnosis*, n (%) 93 (3.5) 310 (11.8) 1,202 (45.7) 893 (34.0) 2628
ige‘z;:nd(i?g;‘;sis’ 50 [30, 56] 56 [40,65] 68 [72, 73] 52 [42, 62] 62 [50, 70]
Sex'
Female 39 (43.0) 105 (35.1) 564 (48.8) 330 (38.6) 1,106 (43.8)
Male 49 (55.7) 194 (64.9) 593 (51.3) 525 (61.4) 1,417 (56.2)
Country'f
Australia 6 (6.5) 14 (4.5) 21 (1.8) 28 (3.1) 69 (2.6)
Canada 0 (0.0) 0 (0.0) 92 (7.7) 15 (1.7) 110 (4.2)
France 12 (12.9) 27 (87) 6(0.5) 4(0.5) 53 (2.0)
Germany 0 (0.0) 4(13) 5 (0.4) 43 (48) 52 (2.0)
Israel 1(1.1) 4(13) 34 (2.8) 30 (3.4) 70 (2.7)
UK 51 (54.8) 170 (54.8) 762 (63.4) 231 (25.9) 1,312 (49.9)
USA 0 (0.0) 4(13) 101 (8.4) 37 (4.1) 147 (5.6)
Ukraine 0 (0.0) 0 (0.0) 0 (0.0) 59 (6.6) 60 (2.3)
et Eg;;i’m, 5(1,9) 4(28) 6 (31D 6(3.12) 66,11

*130 patients chose “other” for diagnosis.
'8 patients (0.3%) chose “other” and 15 patients (0.6%) chose “prefer not to say”.

"Countries with >2.0% of overall respondents: see Supplementary Material for a full list of all countries.

gCalculated as 2021-year of diagnosis.

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia; IQR, inter-quartile range.

(69, 2.6%), France (53, 2.0%), Ukraine (60, 2.3%) and Germany (52
patients, 2.0%) (Table 1). All other countries had <50 respondents
combined (<2.0% of all respondents).

More patients were female (1,417, 56.2%) overall, and across all
subtypes. The proportions differed significantly between the
subtypes (p<0.001) with e.g., 51% of men having CLL, compared
with 41.8% of women.

A total of 2,526 patients reported their age (median 62, IQR [50,
70]). Only 18 (0.73%) were aged under 35. Age differed significantly
between the subtypes (p<0.001) with ALL patients on average
younger, and CLL older (Table 1).

Date of diagnosis was reported by 2,495 respondents. Disease
duration ranged from 0 to 63 years (Table 1 shows the breakdown
by subtypes). Four respondents (all with chronic disease) gave their
year of diagnosis as their year of birth, so these, together with the
respondent (with CLL) who provided no year of birth but reported a
(implausible) duration of 63 years, were excluded from analysis of
duration of disease. Disease duration differed significantly
(p<0.001) across leukemia subtypes; with medians [IQR]; 5 [1,9]
for ALL; 4 [2,8] for AML; 6 [3,11] for CLL; and 6 [3,12] for CML.

3.2 Overall HM-PRO scores and relationships
with age, sex, and duration of disease

With the exclusions applied, overall, there were 2,552 evaluable
HM-PRO scores, with a median score of 22.3. Scores differed
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significantly between leukemia subtypes (p<0.001) Patients with
ALL reported the worst outcomes across all four leukemia subtypes
(Figure 1). Additionally, women (median=24.6) experienced
significantly (p<0.001) higher impact on their QoL than
men (median=19.7).

Of the 2,552 respondents, 2,494 reported their age (median=62
years) and 2,432 reported a valid year of diagnosis (median=6
years). Overall, 2,383 patients with an HM-PRO score had reported
their age and had a valid year of diagnosis. Both age (p= -0.24,
p<0.001) and years living with the disease (p=-0.14, p<0.001) were
significantly negatively correlated (weakly) with HM-PRO scores.
Investigation of partial correlation coefficients, between the scores
with both age and disease duration, indicated that disease duration
was independently associated with the HM-PRO scores, although
this association was even weaker when HM-PRO scores were
adjusted for age (age: p= -0.21, p<0.001), years living with the
disease (p= -0.08, p<0.001).

3.3 The HM-PRO domain score and
relationships between leukemia sub-types

3.3.1 Physical behavior

The majority of patients reported no difficulties with walking
(1,378 patients, 60.87%), self-care (1,953 patients, 83.1%), leaving
the house (1,852 patients, 79.6%), traveling (1,686 patients, 72.7%)
work or studies (1,133 patients, 59.5% of those the question applied
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FIGURE 1

HM-PRO quality of life domain scores for leukemia subtype. ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CLL, chronic
lymphocytic leukemia; CML, chronic myeloid leukemia; HM-PRO, hematological malignancies patient reported outcomes.

to) or going on holiday (1,303 patients, 51.7%) (Supplementary
Figure 1). In contrast, the majority of patients reported some
difficulty with physical activity/sports; either a little (820 patients,
35.1%) or a lot (547 patients, 23.4%).

The overall physical behavior score (with 7 items, median=15.3)
showed that there was a significant difference between responses for
different leukemia subtypes (p<0.001), with ALL having the worse
scores (median [IQR]=28.6 [8.3, 50]) compared to the other groups
(14.3 or less).

3.3.2 Social well-being

The majority of patients reported no difficulty with socializing
(1,260 patients, 56.3%) or personal relationships (1,612 patients,
69.9%), while approximately half of patients reported problems with
their sex life (969 patients, 50.0% of respondents for that question).
Overall, most patients reported similar responses across all subtypes,
however more patients with ALL reported problems with personal
relationships (45 patients, 49.9%) (Supplementary Figure 2).

The overall social well-being score (with 3 items, median=16.7)
showed that there was a significant difference between the subtypes
(p<0.001), with ALL and AML having the worst scores with median
of 33.3 vs 16.7 for the CLL, CML and “Other”.

3.3.3 Emotional behavior

The majority of patients reported no concerns over people
judging them (1,461 patients, 61.5%). However, approximately half
worried about their appearance (33.1% a little; 14.2% a lot),
reported feeling distressed (1,181 patients, 49.6%), or did not feel
confident (1,234 patients, 52.3%; 38.91% a little and 13.45% a lot).
Most patients worried about being a burden to others (1,500
patients, 66.5%), reported feeling anxious (1,631 patients, 67.0%),
worry about dying (1,500, 62.1%), but of these 1,091 reported only
worrying about it a little. The majority reported change in their
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sleeping patterns (1,632 patients, 67.6%), difficulty concentrating
(1,501 patients, 62.2%) and worry about treatment (1,513 patients,
63.9%). Almost all patients reported worrying about their future
health (2,143 patients, 87.4%) (Supplementary Figure 3).

The overall emotional behavior score (with 11 items,
median=36.4) showed that there was a significant difference
between the subtypes (p<0.001), with ALL having the worst
median score of 45.5 vs 36.4 for AML, CML, and “Other”, and
31.8 for CLL.

When asked about how their overall emotional well-being had
changed since diagnosis, most patients (1,223 patients, 48.2%)
reported feeling anxious or depressed since their diagnosis, with
126 patients (5.0%) reporting they had continually felt depressed
(Supplementary Figure 3). Similarly, most patients (1,643, 77.5% of
those for whom it was applicable) reported that their leukemia
diagnosis had not caused any problems with their relationship with
their spouse or partner.

3.3.4 Eating and drinking

Most patients had no trouble with their appetite (1,485 patients,
67.6%), while around half reported their eating or drinking habits
had changed (1,219 patients, 50.6% and 1,093 patients, 48.2%,
respectively) (Supplementary Figure 4). The overall eating and
drinking score (3 items, median=25.0) differed significantly
between subtypes (p<0.001), with CLL patients least affected.

3.4 The impact of sociodemographic and
leukemia subtypes on QoL

The independent correlates of PB SCORE, EB SCORE, SW

SCORE, ED SCORE, and PARTA SCORE are detailed in Tables 2-6.
In ordinal logistic regression analyses, age and sex were both
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TABLE 2 Ordinal logistic regression: dependent variable: PB SCORE.

10.3389/frhem.2024.1502166

Covariates Odds Ratio SE z P [95% Cl]
Age (years) 1.00 0.003 -1.04 0.30 0.99 1.00
Sex (Female vs Male) 0.14 0.092 1.69 0.091 0.98 1.34
Level of education
No formal qualifications 1.0 (reference)
High school qualifications or diploma 0.73 0.14 -1.64 0.10 0.49 1.06
University — Bachelors or 0.54 0.10 -3.28 0.001 0.37 0.78
Undergraduate degree
University — Masters or PHD 0.54 0.11 -3.18 0.001 0.37 0.79
Career or technical qualifications (also 0.73 0.15 -1.57 0.12 0.50 1.08
known as vocational)
Prefer not to say 0.32 0.10 -3.63 <0.001 0.17 0.59
Disease type
Acute lymphoblastic leukemia (ALL) 1.0 (reference)
Acute myeloid leukemia (AML) 0.64 0.15 -1.95 0.051 0.40 1.00
Chronic lymphocytic leukemia (CLL) 0.36 0.082 -4.49 <0.001 0.23 0.56
Chronic myeloid leukemia (CML) 0.44 0.097 -3.72 <0.001 0.29 0.68
Other leukemia 0.64 0.17 -1.67 0.095 0.37 1.08
Disease duration (years) 0.99 0.0068 -0.43 0.67 0.98 1.01
Treatment
Prior but not present 1.0 (reference)
On-going treatment 1.22 0.13 1.79 0.073 0.98 1.51
Never treated 0.96 0.13 -0.32 0.746 0.74 1.24

Likelihood-ratio test of proportionality of odds across response categories: 21.96, P=0.23.

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CI, confidence interval; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia; SE, standard error.

significantly related to EB SCORE, SW SCORE, and ED SCORE
(Tables 3-5) but not to PB SCORE (Table 2). Age was coherently
associated in an inverse fashion to EB SCORE, SW SCORE, and ED
SCORE whereas female sex was related directly to EB SCORE and ED
SCORE and inversely to SW SCORE. Overall, patients who achieved
a higher level of education had a lower odds ratio of being in a higher
category of PB SCORE, EB SCORE, and ED SCORE when compared
to those with no formal qualification (Tables 2, 3, 5). No association
was found between scholarity and SW SCORE (Table 4). Among
disease types, patients affected by CLL had a lower odds ratio of being
in a higher category of PB SCORE, EB SCORE, SW SCORE, and ED
SCORE (Tables 2-4) when compared to those with acute
lymphoblastic leukemia and this was also true for patients with
chronic myeloid leukemia although this latter did not attain the
statistical significance for the ED SCORE (Table 5). The duration of
disease was significantly and inversely related to EB SCORE (Table 3)
and ED SCORE (Table 5) but not to PB SCORE (Table 2) and SW
SCORE (Table 4). Never treated patients and patients on ongoing
treatment had higher odds ratios of being in a higher category of EB
SCORE (Table 3) and ED SCORE (Table 5), respectively, when
compared to those previously treated. The associations between age,
sex, level of education, disease type, disease duration, and treatment
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with PARTA SCORE are reported in Table 6 (see Methods-Statistical
Analysis for more details).

3.5 The impact of treatment type and
leukemia subtypes on QoL

In an additional sub analysis, we evaluated whether the acute or
chronic leukemia subtypes and type of treatment could have an
impact on HM-PRO domain scores. When considering patients
with acute leukemias compared to patients with chronic leukemias,
we observed a difference in all HM-PRO domains which reached
the MCID, with the exception of EB-SCORE (Table 7). We next
examined whether different treatment types could impact upon
patient QoL. No clinically significant differences were observed
across all HM-PRO domain scores when patients were stratified by
oral vs intravenous treatment or in those receiving Bruton’s tyrosine
kinase (BTK) inhibitors vs other treatment (only in patients affected
by CLL). However, in patients who underwent allogenic
transplantation, we observed marked statistically significant (and
clinically important) higher scores (worse QoL) in all HM-PRO
domains compared to patients who did not undergo allogenic
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TABLE 3 Ordinal logistic regression: dependent variable: EB SCORE.

10.3389/frhem.2024.1502166

Covariates Odds Ratio SE z P [95% Cl]
Age (years) 0.97- 0.0033 -8.52 <0.001 0.97 0.98
Sex (Female vs Male) 2.03 0.16 9.09 <0.001 1.75 2.38
Level of education
No formal qualifications 1.0 (reference)
High school qualifications or diploma 0.63 0.12 -2.39 0.017 0.43 0.92
University — Bachelors or
Undergraduate degree 0.53 0.10 -3.35 0.001 0.36 0.77
University — Masters or PHD 0.46 0.09 -3.97 <0.001 0.31 0.67
Career or technical qualifications (also
known as vocational) 0.76 0.15 -14 0.16 0.51 1.12
Prefer not to say 0.41 0.12 -2.98 0.003 0.23 0.74
Disease type
Acute lymphoblastic leukemia (ALL) 1.0 (reference)
Acute myeloid leukemia (AML) 0.49 0.11 -3.04 0.002 0.31 0.78
Chronic lymphocytic leukemia (CLL) 0.59 0.13 -2.37 0.018 0.38 091
Chronic myeloid leukemia (CML) 0.55 0.12 -2.71 0.007 0.36 0.85
Other leukemia 0.88 0.24 -0.46 0.65 0.52 1.50
Disease duration (years) 0.97 0.0064 -4.03 <0.001 0.96 0.99
Treatment
Prior but not present 1.0 (reference)
On-going treatment 1.18 0.13 1.57 0.12 0.96 1.46
Never treated 1.52 0.19 33 0.001 1.18 1.94

Likelihood-ratio test of proportionality of odds across response categories: 28.14, P=0.06.

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CI, confidence interval; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia; SE, standard error.

transplantation (with the exception of EB SCORE) (Table 8).
Furthermore, when categorizing patients according to time since
allogenic transplantation, patients <1 year after allogenic transplant
were observed to have higher domain scores (i.e. lower QoL)
compared to 1-5 years and >5 years after transplant, with higher
scores seen across SW, ED and PART A SCORE domains
(Figure 2). This was not observed when comparing QoL scores in
acute leukemia patients who received and did not receive
allogenic transplantation.

4 Discussion

We report on the largest ever global study of QoL in over 2,600
patients with leukemia, describing the impact of subtypes of
leukemia, disease duration, age, and sex on patient-reported QoL.
The study utilized a global advocacy network partnership to
ascertain, through a validated PRO measure for patients with
hematological malignancies, which aspects of physical, social, and
emotional health are most impacted in patients with ALL, AML,
CLL and CML.
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Significant differences between responses for different leukemia
subtypes were observed for both physical, social and emotional
well-being, as well as eating and drinking. Overall, patients with
ALL reported the worst impact on QoL. Additionally, women had
significantly higher HM-PRO Part A scores (i.e., lower QoL)
than men.

Overall, the majority of respondents reported few physical
problems or problems with eating and drinking. However,
patients with ALL reported more problems with physical behavior
and eating and drinking than across the other leukemia subtypes.
Conversely, patients with CLL generally reported the least
difficulties with aspects of physical behavior. Problems with social
well-being were reported more frequently than problems with
physical behavior, across all leukemia subtypes; again, patients
with ALL were more likely to report problems with social well-
being than the other leukemia subtypes; patients with chronic
leukemia (CML or CLL) were least likely to report problems with
social well-being.

Consistent with the physical and social components of the HM-
PRO, patients with ALL reported more problems with emotional
aspects related to leukemia; patients with CLL reported less
emotional problems. Overall, the biggest emotional issue for
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TABLE 4 Ordinal logistic regression: dependent variable: SW SCORE.

10.3389/frhem.2024.1502166

Covariates Odds Ratio SE z P [95% Cl]
Age (years) 0.98 0.003 -6.43 <0.001 0.97 0.99
Sex (Female vs Male) 0.81 0.064 -2.63 0.009 0.70 0.95
Level of education
No formal qualifications 1.0 (reference)
High school qualifications or diploma 0.96 0.18 -0.23 0.82 0.66 1.40
University — Bachelors or
Undergraduate degree 0.87 0.16 -0.76 0.45 0.60 1.25
University — Masters or PHD 0.85 0.16 -0.84 0.4 0.58 1.24
Career or technical qualifications (also
known as vocational) 091 0.18 -0.47 0.64 0.62 1.34
Prefer not to say 0.50 0.15 -2.26 0.024 0.27 0.91
Disease type
Acute lymphoblastic leukemia (ALL) 1.0 (reference)
Acute myeloid leukemia (AML) 0.76 0.18 -1.18 0.24 0.49 1.20
Chronic lymphocytic leukemia (CLL) 0.46 0.10 -3.49 <0.001 0.29 0.71
Chronic myeloid leukemia (CML) 0.39 0.085 -4.33 <0.001 0.26 0.60
Other leukemia 0.69 0.18 -1.43 0.15 0.41 1.15
Disease duration (years) 0.99 0.0066 -1.18 0.24 0.98 1.00
Treatment
Prior but not present 1.0 (reference)
On-going treatment 1.20 0.13 1.67 0.096 0.97 1.48
Never treated 1.18 0.15 1.32 0.19 0.92 1.52

Likelihood-ratio test of proportionality of odds across response categories: 23.04, P=0.19.

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CI, confidence interval; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia; SE, standard error.

patients with leukemia was worrying about their future health -
across all subtypes, around half of patients reported having some
worries around their future health, while another one-third of
patients reported they worried “a lot” about their future health.
Slightly fewer patients reported concerns about dying; patients with
ALL reported the most concerns. Notably, worrying “a lot” about
treatment was reported most frequently by patients with CML
(possibly due to the lifelong requirement for observation and
continued treatment in CML (4)), whereas for all other questions,
patients with ALL were most likely to report worrying “a lot”.
Patients tended to report feeling depressed or anxious more often
since their diagnosis, however 20% of patients reported feeling more
positive overall since their diagnosis. A positive correlation between
impact of treatment and diagnosis and reduced QoL have
previously been reported in patients with acute leukemia, as have
feelings of isolation and reduced abilities to carry out physical or
enjoyable activities, and lower QoL scores in women (14).

We also evaluated the relationship between different types of
treatment and QoL in leukemia patients. While no clinically
significant differences were observed based on route of
administration (i.e., oral vs intravenous therapies) or between
BTK inhibitors and other treatments, patients who underwent
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allogeneic transplantation experienced statistically and clinically
worse QoL, particularly within the first year post-transplant,
compared to those who did not undergo transplantation. QoL
was also observed to be better in patients with increased time
since undergoing allogeneic transplantation. Indeed, data from
longitudinal studies support our observations where moderate
impairments are often observed early on but generally improve
and return to pre-transplant levels by day 100. Several studies report
that over 60% of patients experience good to excellent QoL within
the first 1 to 4 years following hematopoietic cell transplantation
(30). In patients with acute leukemia who underwent allogenic
transplantation, we did not observe a significant impact on QoL,
that may be attributed to various factors such as subsequent therapy
and smaller number of cases involved (N=416).

Of the additional variables that were considered (disease
duration, age, and sex), all appeared to be (weakly) related to the
HM-PRO scores, with older patients being slightly more likely to
report a better QoL. Living with the disease for longer was also
associated with better QOL, but this was mainly confounded by the
patients’ age. This is consistent with a previous study in patients
with acute leukemia, which reported that both younger age and
female sex, as well as lower income were significantly negatively
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TABLE 5 Ordinal logistic regression: dependent variable: ED SCORE.

Covariates

Odds Ratio

10.3389/frhem.2024.1502166

[95% Cl]

Age (years) 1.00 0.0034 -2.7 0.007 0.98 1.00

Sex (Female vs Male) 1.43 0.127 4.38 <0.001 1.22 1.67
Level of education

No formal qualifications 1.0 (reference)

High school qualifications or diploma 0.99 0.19 -0.06 0.95 0.67 1.45

University — Bachelors or

Undergraduate degree 0.75 0.14 -1.51 0.13 0.51 1.09

University - Masters or PHD 0.63 0.13 -2.32 0.02 0.42 0.93

Career or technical qualifications (also

known as vocational) 0.81 0.16 -1.06 0.29 0.54 1.20

Prefer not to say 0.52 0.16 -2.13 0.033 0.28 0.95
Disease type

Acute lymphoblastic leukemia (ALL) 1.0 (reference)

Acute myeloid leukemia (AML) 0.71 0.16 -1.47 0.14 0.46 1.12

Chronic lymphocytic leukemia (CLL) 0.45 0.10 -3.57 <0.001 0.29 0.70

Chronic myeloid leukemia (CML) 0.72 0.15 -1.57 0.12 0.47 1.09

Other leukemia 0.59 0.16 -1.98 0.048 0.35 1.00

Disease duration (years) 0.98 0.0068 -2.69 0.007 0.97 1.00
Treatment

Prior but not present 1.0 (reference)

On-going treatment 1.44 0.16 3.25 0.001 1.16 1.79

Never treated 1.26 0.17 1.72 0.086 0.97 1.64

Likelihood-ratio test of proportionality of odds across response categories: 21.01, P=0.06.
ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CI, confidence interval; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia; SE, standard error.

TABLE 6 Logistic regression: dependent variable: PART A SCORE.

Odds Ratio [95% CI]
No impact
Age (years) 0.99 0.0048 -2.16 0.031 0.98 1.00
Sex (Female vs Male) 1.59 0.17 432 <0.001 1.29 1.97
Level of education
No formal qualifications 1.0 (reference)
High school qualifications or diploma 0.68 0.22 -1.21 0.23 0.37 1.27
University - Bachelors or Undergraduate degree 0.47 0.14 -2.45 0.014 0.26 0.86
University — Masters or PHD 0.53 0.17 -2.04 0.041 0.29 0.97
Ssa‘r;e:razz rtlea%'mical qualifications (also known 067 021 127 021 0.36 125
Prefer not to say 0.30 0.12 -2.98 0.003 0.13 0.66
Disease type
Acute lymphoblastic leukemia (ALL) 1.0 (reference)
Acute myeloid leukemia (AML) 0.28 0.15 -2.34 0.019 0.097 0.81
(Continued)
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TABLE 6 Continued

10.3389/frhem.2024.1502166

Odds Ratio SE z P [95% Cl]

Disease type

Chronic lymphocytic leukemia (CLL) 0.17 0.090 -3.33 0.001 0.060 0.48

Chronic myeloid leukemia (CML) 0.21 0.11 -2.92 0.003 0.075 0.60

Other leukemia 0.32 0.19 -1.95 0.052 0.10 1.01

Disease duration (years) 0.98 0.0088 -1.95 0.051 0.97 1.00
Treatment

Prior but not present 1.0 (reference)

On-going treatment 143 0.21 2.45 0.014 1.07 191

Never treated 1.57 0.26 2.68 0.007 1.13 2.19
Small impact

Age (years) 0.98 0.0037 -5.92 <0.001 0.97 0.99

Sex (Female vs Male) 1.26 0.11 2.6 0.009 1.06 1.49
Level of education

No formal qualifications 1.0 (reference)

High school qualifications or diploma 0.81 0.18 -0.96 0.34 0.53 1.25

University — Bachelors or

Undergraduate degree 0.80 0.17 -1.06 0.29 0.53 1.21

University - Masters or PHD 0.61 0.14 -2.22 0.026 0.40 0.94

;Zsa::crazz rtlzcl:)hnical qualifications (also known 0.85 0.19 073 047 055 132

Prefer not to say 0.47 0.16 -2.25 0.024 0.24 0.90
Disease type

Acute lymphoblastic leukemia (ALL) 1.0 (reference)

Acute myeloid leukemia (AML) 0.49 0.14 -2.58 0.01 0.28 0.84

Chronic lymphocytic leukemia (CLL) 0.36 0.098 -3.74 <0.001 0.21 0.62

Chronic myeloid leukemia (CML) 0.37 0.098 -3.77 <0.001 0.22 0.62

Other leukemia 0.49 0.15 -2.27 0.023 0.26 0.91

Disease duration (years) 0.98 0.0073 -3.33 0.001 0.96 0.99
Treatment

Prior but not present 1.0 (reference)

On-going treatment 1.38 0.17 2.64 0.008 1.08 1.76

Never treated 1.18 0.17 1.12 0.26 0.89 1.56
Moderate impact

Age (years) 0.98 0.0041 -5.53 <0.001 0.97 0.99

Sex (Female vs Male) 1.22 0.13 191 0.056 0.99 1.50
Level of education

No formal qualifications 1.0 (reference)

High school qualifications or diploma 0.73 0.18 -1.32 0.19 0.45 1.17

University — Bachelors or

Undergraduate degree 0.63 0.15 -2.00 0.046 0.40 1.00

(Continued)
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TABLE 6 Continued

Odds Ratio SE z P [95% Cl]

Level of education

University — Masters or PHD 0.44 0.11 -3.32 0.001 0.27 0.71

Career or technical qualifications (also known

as vocational) 0.76 0.19 -1.11 0.266 0.47 1.23

Prefer not to say 0.44 0.18 -2.05 0.041 0.20 0.97
Disease type

Acute lymphoblastic leukemia (ALL) 1.0 (reference)

Acute myeloid leukemia (AML) 0.73 0.20 -1.14 0.26 0.43 1.25

Chronic lymphocytic leukemia (CLL) 0.40 0.11 -3.39 0.001 0.24 0.68

Chronic myeloid leukemia (CML) 0.50 0.13 -2.68 0.007 0.30 0.83

Other leukemia 0.92 0.29 -0.28 0.78 0.49 1.70

Disease duration (years) 1.00 0.0085 -0.44 0.66 0.98 1.01
Treatment

Prior but not present 1.0 (reference)

On-going treatment 1.40 0.20 2.34 0.02 1.06 1.86

Never treated 1.53 0.27 2.45 0.014 1.09 2.15
Very large impact

Age (years) 0.97 0.0089 -3.33 0.001 0.95 0.99

Sex (Female vs Male) 1.89 0.49 2.46 0.014 1.14 3.13
Level of education

No formal qualifications 1.0 (reference)

High school qualifications or diploma 0.89 0.41 -0.26 0.796 0.36 221

Szﬁrgsiz};;aiaztegl:: o 0.27 0.13 267 0.008 0.10 0.70

University — Masters or PHD 0.23 0.13 -2.62 0.009 0.078 0.69

Career or technical qualifications (also known

as vocational) 0.81 0.39 -0.43 0.67 0.31 2.10

Prefer not to say 1.85E-06 0.00063 -0.04 0.969 6.80E-296 5.00E+283
Disease type

Acute lymphoblastic leukemia (ALL) 1.0 (reference)

Acute myeloid leukemia (AML) 0.95 0.51 -0.1 0.92 0.33 2.74

Chronic lymphocytic leukemia (CLL) 0.64 0.38 -0.74 0.46 0.20 2.06

Chronic myeloid leukemia (CML) 0.82 0.44 -0.37 0.71 0.29 233

Other leukemia 1.09 0.74 0.14 0.89 0.29 4.12

Disease duration (years) 1.01 0.020 0.48 0.63 0.97 1.05
Treatment

Prior but not present 1.0 (reference)

On-going treatment 0.77 0.23 -0.88 0.377 0.42 1.39

Never treated 0.97 0.40 -0.08 0.939 0.43 2.18

Likelihood-ratio test of proportionality of odds across response categories: 33.41, P=0.015.
ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CI, confidence interval; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia; SE, standard error.
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TABLE 7 HM-PRO domain scores in patients with acute and chronic
leukemia subtypes.

HM-PRO domain

Median scores (IQR)

Chronic leukemia
(N=2098)

Acute leukemia
(N= 416)

PB SCORE 21.4 (7.1-42.8) 14.3 (0.0-28.8) P<0.0001
EB SCORE 36.4 (21.4-59.1) 36.4 (18.2-54.5) P=0.02

SW SCORE 33.3 (0.0-50.0) 16.7 (0.0-33.3) P<0.0001
ED SCORE 25.0 (0.0-50.0) 0.0 (0.0-50.0) P<0.0001
PART A SCORE 30.4 (13.0-50.0) 21.6 (9.2-37.8) P<0.0001

TABLE 8 HM-PRO domain scores in all patients who underwent
allogenic transplantation.

HM-PRO domain

Median score (IQR)

Allogenic Allogenic
(Yes; N= 280) (No; N=2366)
PB SCORE 21.4 (7.1-50.0) 14.3 (0.0-28.6) P<0.0001
EB SCORE 36.4 (22.7-62.4) 36.4 (18.2-54.5) P=0.04
SW SCORE 33.3 (0.0-50.0) 16.7 (0.0-33.3) P<0.0001
ED SCORE 25.0 (0.0-50.0) 0.0 (0.0-50.0) p=0.01
PART A SCORE 30.4 (14.0-49.0) 21.9 (9.2-38.7) P<0.0001

associated with QoL (14). In contrast, other studies have reported
worsening QoL in older patients; however, this may be confounded
by worsening mobility and general health in older populations (28).

Differences in treatment regimens between leukemia subtypes
may partially explain the differing reports of physical impact of

10.3389/frhem.2024.1502166

leukemia; for example, “watch and wait” (clinical observation
without therapy) is the standard of care for many patients with
CLL (7); meaning that patients often do not have physical
symptoms from either the disease, or from associated treatments,
and will subsequently report little impact on physical abilities. In
contrast, not receiving treatment for an incurable blood cancer
diagnosis has previously been reported to result in patients
experiencing similar increases in depression and anxiety, and
decreased QoL, to those undergoing active treatment (31, 32). In
addition, previous studies have shown correlations between QoL
with the type of carcinoma, length of hospital stays required,
depression and severity of symptom burden (33).

Additionally, patients diagnosed with acute leukemia (ALL) are
more likely to be younger, which has previously been found to be
associated with worse QoL (14); teenagers and young adults may be
more socially conscious of their appearance and how the disease or
their treatment impacts on their social life and ability to study,
work, or travel. They may also feel more isolated from their healthy
peers, and have more concerns over the future, given the length of
time they may be living with, or in remission from leukemia - long-
term cancer survivors have reported impacts on QoL up to 26 years
after a cancer diagnosis (34). Fertility issues in patients with
hematologic malignancies may also contribute to lower QoL (35),
particularly in younger patients — in a study of 406 patients aged
under 40 who received a hematopoietic stem cell transplant, one-
third reported concerns regarding their ability to have children (36).

Overall, patients with leukemia reported the greatest concerns
over their future treatment and future health, as well as concerns
over dying and being a burden to others. The lowest mean QoL
scores were reported by patients with acute leukemia subtypes, as
compared to chronic leukemia patients, across physical, eating and
drinking, social, and emotional QoL components; patients with
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FIGURE 2

HM-PRO quality of life domain scores at different time intervals post allogenic transplantation. HM-PRO, hematological malignancies patient

reported outcomes.
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ALL were impacted more than those with AML. It is important that
patients fully understand their diagnosis and the treatment
regimens they may follow, and what impact this may have on
their future health. Additionally, patients need access to support
services, such as the availability of a clinical psychologist as part of
the hematology team, to provide support with the emotional aspects
of a leukemia diagnosis.

Limitations of the study include the use of a convenience sample
which was only available through online platforms (i.e. social
networks, newsletters, and email). This recruitment method may
have introduced selection bias, as only a subset of the target
population likely participated, and their participation may have
been influenced by their QoL. Additionally, there are significant
differences in the clinical characteristics, disease progression, and
treatment strategies between acute and chronic leukemias, raising
concerns about the reliability of findings from smaller subgroups,
such as patients with ALL and AML.

In addition, due to the online method of recruitment, the
response rate could not be assessed. Respondents were self-
selected, participated on a voluntary basis, and were recruited
through patient organizations and while participants from 76
countries were involved, the UK accounted for nearly half of the
total cohort (1,312 out of 2,628 patients; 49.9%) and therefore may
not reflect the perspectives of all leukemia patients. In addition, this
disproportionate representation could result in bias, given the
potential differences in patient management, caregiver support,
and healthcare systems across countries. These variations,
particularly in the absence of standardized treatment protocols,
may limit the generalizability of the findings across different
healthcare settings.

Furthermore, being only available online could have introduced
limitations to accessibility by factors such as region and
socioeconomic status. In addition, younger patients may be more
likely to engage with online options for completing questionnaires.
However, 40% of respondents were over 65 years old, suggesting
traditional barriers to online questionnaires may not have been
observed in this study.

Other limitations of the study were primarily caused by various
confounders, that we will attempt to address here. One concern
could be the accuracy of the collected data being an online study,
that is in terms of those who completed the study were indeed
patients with leukemia. We are however confident that those who
entered the study were alerted by their respective country patient
support group who otherwise would not have known about the
study. In addition, it is likely that due to the vast number of
countries taking part in the study, this could have introduced bias
regarding comprehension of the questionnaire and therefore
affected the accuracy of the data. However, we are confident that
this would have been minimized due to the simplicity of the
questionnaire items and their brevity as well as the fact that
translatability and universality was considered in their initial
development. Surprisingly, a very low number of random missing
items supports such notion. This, no doubt, was an ambitious study
requiring tremendous number of resources and good will on the
part of the various countries. Nevertheless, it is hoped that the
outcomes reported here create an awareness of the scale of leukemia
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burden around the globe and the importance of incorporation of
patients’ voice in treatment decision making.

5 Conclusion

This global study, involving over 2,600 leukemia patients,
examined factors affecting their QoL using the HM-PRO
questionnaire. Key concerns for patients centered on future
treatments, health, and fears of dying or becoming a burden.
Acute leukemia subtypes had the lowest QoL scores, with acute
lymphoblastic leukemia patients being more impacted than those
with acute myeloid leukemia. This study highlights the urgent need
for support services, including access to clinical psychologists, to
address emotional challenges and improve patient QoL, suggesting
changes in how clinicians manage leukemia patients.
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