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Summary

The primary objective of this study was to investigate factors associated

with fatigue severity in newly diagnosed patients with higher-risk myelodys-

plastic syndromes (MDS). The secondary objectives were to assess symptom

prevalence and to examine the relationships between fatigue, quality of life

(QoL) and overall symptom burden in these patients. The analyses were

conducted in 280 higher-risk MDS patients. Pre-treatment patient-reported

fatigue was evaluated with the Functional Assessment of Chronic Illness

Therapy (FACIT)-Fatigue scale and QoL was assessed with the European

Organization for Research and Treatment of Cancer Quality of Life Ques-

tionnaire-Core 30 (EORTC QLQ-C30). Female gender (P = 0�018), poor

performance status (i.e., ECOG of 2–4) (P < 0�001) and lower levels of

haemoglobin (Hb) (P = 0�026) were independently associated with higher

fatigue severity. The three most prevalent symptoms were as follows: fatigue

(92%), dyspnoea (63%) and pain (55%). Patients with higher levels of fati-

gue also had greater overall symptom burdens. The mean global QoL scores

of patients with the highest versus those with the lowest levels of fatigue

were 29�2 [standard deviation (SD), 18�3] and 69�0 (SD, 18�8), respectively
and this difference was four times the magnitude of a clinically meaningful

difference. Patient-reported fatigue severity revealed the effects of disease

burden on overall QoL more accurately than did degree of anaemia. Special

attention should be given to the female patients in the management of

fatigue.

Keywords: myelodysplastic syndromes, fatigue, anaemia, quality of life,

haemoglobin.
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The myelodysplastic syndromes (MDS) are clonal disorders

of haematopoietic stem cells that are characterized by inef-

fective haematopoiesis that results in blood cytopenias and a

high risk of progression to acute myeloid leukaemia (AML).

The prognosis of MDS is typically evaluated with the Inter-

national Prognostic Scoring System (IPSS) that distinguishes

between four subgroups of patients; i.e., low, intermediate-1,

intermediate-2 and high-risk patients (Greenberg et al,

1997). Intermediate-2 and high-IPSS risk patients (i.e.,

higher risk patients) have poor prognoses (Greenberg et al,

1997).

In 2000, quality of life (QoL) was included in the Inter-

national Working Group Standard Response Criteria for the

evaluation of MDS therapies (Cheson et al, 2000). However,

despite the long-standing general consensus regarding the

importance of QoL in this patient population (Greenberg

et al, 2011; Malcovati et al, 2013), empirically based infor-

mation remains scarce (Caocci et al, 2009; Thomas et al,

2012).

While anaemia is the most common objective manifesta-

tion of the disease at the time of diagnosis (Greenberg et al,

2009), the extent to which subjective fatigue can be explained

by haemoglobin (Hb) levels is not well understood (Jansen

et al, 2003; Steensma et al, 2008). Patient self-reports are the

gold standard for the assessment of fatigue severity (National

Comprehensive Cancer Network, 2012) but very few studies

of MDS patients have used patient-reported outcome mea-

sures (Jansen et al, 2003). Fatigue severity has important

clinical implications in cancer patients as it might substan-

tially impair the patient’s QoL and daily functioning and

might correlate with other symptoms (Stone et al, 2000;

Wang et al, 2002; National Comprehensive Cancer Network,

2012; Efficace et al, 2013). Preliminary evidence in MDS has

also revealed that greater pretreatment fatigue is associated

with a shorter survival time (Deschler et al, 2013). However,

in addition to fatigue, newly diagnosed MDS patients might

suffer from a wide range of other cancer symptoms, but data

on the prevalence of such symptoms is lacking.

The early identification of patients who might experience

greater fatigue and a better understanding of the identities of

the most predominant symptoms prior to the initiation of

active therapy can be critical for informing the development

of more personalized treatment approaches.

Based on previous literature (Stone et al, 2000; Wang

et al, 2002; Miaskowski, 2004; National Comprehensive Can-

cer Network, 2012; Bejar, 2013), a core set of disease and

patient-related factors were selected to examine the associa-

tions of these factors with pretreatment fatigue.

The primary objective of this study was to investigate the

factors associated with fatigue severity in newly diagnosed

patients with higher-risk MDS. The secondary objectives

were to assess the prevalence of other cancer-specific symp-

toms and to examine the relationships between fatigue, QoL

and overall symptom burden.
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Patients and methods

Study design and population

This was an international prospective cohort observational

study that consecutively enrolled patients from 37 centres

in nine countries. The patients were eligible if they had

been diagnosed with MDS and had an IPSS risk level of

intermediate-2 or high-risk within 6 months before the date

of registration. The patients were classified according to the

World Health Organization (WHO) classification (Vardi-

man et al, 2002). Exclusion criteria included the following:

having received any type of therapy [other than red blood

cell (RBC) or platelet transfusions] and the presence

of any type of psychiatric disorder or major cognitive dys-

function that would hamper a self-reported evaluation.

Additional details have been reported previously (Efficace

et al, 2014).

The study was approved by the ethical committee of each

participating centre and all patients provided written

informed consent.

Patient-reported outcome assessment

The patients were invited to participate by their treating

physician in the hospital, and all patients completed

questionnaires prior to treatment initiation for higher-risk

MDS.

Fatigue was evaluated with the Functional Assessment of

Chronic Illness Therapy (FACIT)-Fatigue scale (Yellen et al,

1997). The FACIT-Fatigue scale is a 13-item questionnaire

that assesses self-reported tiredness, weakness and difficulty

conducting typical activities due to fatigue. This scale ranges

from 0 to 52, and higher scores indicate lower levels of fati-

gue. This scale has undergone a rigorous validation process

that revealed excellent psychometric properties (Yellen et al,

1997). This scale has also been used in several studies of

patients with haematological malignancies, which demon-

strated that the sensitivity of this measure discriminated

these patients from the general population and other cancer

patients with different grades of anaemia (Cella et al, 2002a).

The mean time between the fatigue assessment and haemo-

globin (Hb) evaluation was 5 d (25th and 75th percentiles, 0

and 6 d, respectively). The QoL was assessed with the Euro-

pean Organization for Research and Treatment of Cancer

Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30).

This is a well validated questionnaire that consists of 30

items, including five functional scales (physical, role, emo-

tional, social and cognitive), three symptoms (fatigue, nausea

and vomiting and pain), a global health status/QoL scale and

six single items (dyspnoea, insomnia, appetite loss, constipa-

tion, diarrhoea and financial difficulties) (Aaronson et al,

1993). The standardized scores for this questionnaire range

from 0 to 100, and higher scores indicate greater levels of

functioning or more severe symptoms.

Selection and definition of variables examined for their
associations with pre-treatment fatigue severity

The selection of disease-related variables was based on the

key factors that have been previously included in MDS prog-

nostic indices in the literature (Bejar, 2013). The following

variables were examined: Hb level, serum lactate dehydroge-

nase (LDH), absolute neutrophil count (ANC), bone marrow

blasts, karyotype (based on IPSS classification) (Greenberg

et al, 1997), white blood cell count (WBC), platelet count

and transfusion dependency (i.e., defined by the receipt of at

least one RBC transfusion every 8 weeks over a period of

4 months) (Malcovati et al, 2007). Moreover, whether the

patients had evolved from a lower IPSS risk group category

was also considered.

The patient-related variables that were investigated in

terms of their possible relationships with fatigue severity were

also selected based on previous literature (Miaskowski, 2004;

Wang et al, 2010; National Comprehensive Cancer Network,

2012) and clinical relevance. The following factors were con-

sidered: age at study entry, gender, living arrangements (liv-

ing alone versus living with others) and education level (low

versus intermediate/high). The Eastern Cooperative Oncology

Group (ECOG) good performance status (0–1) versus poor

status (2–4) and comorbidity, as assessed with the Haemato-

poietic Cell Transplantation (HCT)-specific comorbidity

index, were also investigated (Sorror et al, 2005). The poten-

tial impact of comorbidity was also explored using the MDS-

specific comorbidity index (Della Porta et al, 2011).

Statistical analyses

Multivariate linear regression (MLR) analysis was used to

identify the factors associated with fatigue. The first model

explored the relationship between fatigue and disease-related

variables and the second model explored the relationship

between fatigue and patient-related variables. In each model,

univariate regression analyses were performed to select candi-

dates for the stepwise selection procedure that was used to

identify the MLR model after examining the variables for

possible multi-colinearity using the variance inflation factor.

The variables included in the disease- and patient-related

MLR models were used to run the same stepwise procedure

to select a final overall model. Sensitivity analysis was per-

formed by a bootstrap resampling procedure to investigate

the replication stability of the final overall model and the

importance of each single variable that was included in the

model (Sauerbrei, 1999). The same stepwise selection proce-

dure was performed in a MLR model for each of 5000 boot-

strap-generated samples using the initial set of variables after

examining them for multi-colinearity. Symptoms were

assessed with the EORTC QLQ-C30 and classified as ‘not at

all’, ‘mild’ and ‘moderate to severe’ based on previous work

(Johnsen et al, 2009), and the proportions of these classifica-

tions were reported. The patients were divided into four
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subgroups that were defined as having low, low-medium,

medium-high and high levels of fatigue based on the FA-

CIT-Fatigue scores quartiles, and the symptom proportions

were summarized according to fatigue levels. The patients’

self-reported overall health status/QoL (EORTC QLQ-C30)

were summarized according to both fatigue and Hb levels,

which were also defined as low, low-medium, medium-high

and high based on the quartiles of the Hb distribution. All

analyses were performed with SAS Version 9.2 (SAS Institute

Inc., Cary, NC, USA).

Results

Overall, 280 patients with a median age of 71 years (range:

32–89 years) were consecutively enrolled and included in the

analysis. The patient participation compliance per centre was

91% and 31 patients overall refused to participate. There

were 176 men (63%) and 104 (37%) women and the mean

Hb level was 93 g/l (range 41–158). Fifty-six patients (20%)

were transfusion-dependent at the time of enrolment. There

were no statistically significant differences with regard to

gender, Hb level or IPSS risk categories at study entry

between the patients (n = 68, 24%) who evolved from lower

IPSS risk categories (i.e., low or intermediate-1) and those

who did not. For example, the mean Hb levels at the time of

study entry were 95 g/l (range, 44–142; g/l) and 93 g/l

(range, 41–158) for the patients who evolved from a lower

risk and those who did not, respectively (P = 0�993). Further
details of the study sample are provided in Table I.

Disease- and patient-related factors associated with
fatigue severity

Out of all of the candidate disease-related variables consid-

ered in the univariate analyses, only a higher degree of anae-

mia (P < 0�001) was associated with greater fatigue in the

multivariate analysis (Table II).

In the model that considered only the patient-related fac-

tors, female gender (P = 0�005), having a low level of educa-

tion (P = 0�038) and poor ECOG performance status

(P < 0�001) were retained as independent factors that were

associated with a greater fatigue in the multivariate analysis

(Table II). The mean scores on the FACIT-fatigue scale were

30�6 [standard deviation (SD) 13�1] and 34�9 (SD, 11�3) for

the women and men, respectively which corresponded to a

clinically meaningful difference (i.e., this difference exceeded

the 3-point threshold) (Cella et al, 2002b).

Final multivariate model predicting fatigue severity

Poor performance status (P < 0�001), female gender

(P = 0�018) and lower Hb levels (P = 0�026) were indepen-

dently associated with greater fatigue severity (Table III). An

additional analysis based on the 5000 bootstrap-generated

simulation datasets confirmed that these factors were the top

three most included with respective inclusion percentages of

100%, 79�5% and 63�6% (Table III). It should be noted that

the inclusion frequency provides an indication of the impor-

tance of the inclusion of single variables as independent fac-

tors in the final model. This model was also the top ranking

model of the 5000 simulated multivariate models, which pro-

vides supportive evidence for the results obtained from the

standard regression analyses.

Table I. Socio-demographic and clinical characteristics of the MDS

study population.

Variable Total (N = 280)

Age (years)

Mean (SD) 70�02 (10�51)
Median 71�25
Range 31�67–88�58

Gender, n (%)

Male 176 (62�86)
Female 104 (37�14)

Education level, n (%)

Intermediate/High (high

school and university degree)

168 (60�22)

Low (compulsory school) 111 (39�78)
Living arrangements, n (%)

Living alone 38 (13�62)
Living with spouse/partner only 191 (68�46)
Living with a child, child-in-law

or grandchild

39 (13�97)

Living with another relative (other

than a spouse/partner or child/grandchild)

8 (2�87)

Living with unrelated people only,

apart from the person’s spouse/partner

3 (1�08)

ECOG performance status, n (%)

0–1 221 (78�93)
2–4 59 (21�07)

HCT comorbidity index

Mean (SD) 1�46 (2�63)
Median 0

Range 0�00–29�00
IPSS risk score

Intermediate 2 206 (73�57)
High risk 74 (26�43)

Karyotype (IPSS classification)

Poor 102 (36�43)
Intermediate 60 (21�43)
Good 118 (42�14)

Haemoglobin level (g/l)

Mean (SD) 93�2 (18�2)
Median 90�5
Range 41�0–158

Previous MDS, n (%)*

No 212 (75�71)
Yes 68 (24�3)

MDS, myelodysplastic syndrome; ECOG, Eastern Cooperative Oncol-

ogy Group; HCT, Haematopoietic Cell Transplantation; IPSS, Inter-

national Prognostic Scoring System; SD, standard deviation.

*Patients that evolved from a lower IPSS risk category.
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We also investigated the possible differential effects of Hb

levels on fatigue in the men and women and included an

interaction term in the final multivariate regression model;

however, this term was not statistically significant

(P = 0�505). Additional analyses of the relationships between

gender and Hb levels revealed that, given the same levels of

Hb, the women reported higher average levels of fatigue

(data not shown).

Pre-treatment symptom prevalence

Fatigue was by far the most prevalent symptom; 92% of the

patients reported fatigue at any level of concern. The two

other most prevalent symptoms were dyspnoea (63%) and

pain (55%). At least one-fifth of the patients also reported

moderate to severe fatigue, dyspnoea, appetite loss and

insomnia (Fig 1).

Fatigue and its relationship to the other symptoms

A greater overall symptom burden was found among the

patients who reported higher levels of fatigue. For example,

among the patients who reported high levels of fatigue, 54%

and 53% also reported moderate to severe appetite loss and

dyspnoea, respectively while among the group who reported

low levels of fatigue, only 1% and 3% reported moderate to

Table II. Linear regression analyses of fatigue, based on disease and patient-related factors.

Variables

Univariate analysis Multivariate analysis

b (95%, CI) P value b (95%, CI) P value

Disease-related model

Haemoglobin (g/l) 0�136 (0�059; 0�213) <0�001 0�136 (0�059; 0�213) <0�001
Bone marrow blasts (%) 0�157 (�0�160; 0�475) 0�331 NA NA

White blood cells (9109/l) �0�218 (�0�461; 0�025) 0�079 NA NA

Platelet count (9109/l) 0�009 (�0�006; 0�024) 0�257 NA NA

Absolute neutrophil count (9109/l)* �0�341 (�0�753; 0�071) 0�105 NA NA

Poor karyotype �1�554 (�4�523; 1�416) 0�304 NA NA

Serum lactate dehydrogenase (u/l) 0�015 (�0�481; 0�511) 0�953 NA NA

Evolving from lower IPSS risk group �1�398 (�4�732; 1�937) 0�410 NA NA

Transfusion dependency† �4�154 (�7�699; �0�608) 0�022 NA NA

Patient-related model

Age (years) �0�033 (�0�169; 0�103) 0�634 NA NA

Female gender �4�277 (�7�197; �1�357) 0�004 �3�868 (�6�566; �1�170) 0�005
Low education level �4�039 (�6�920; �1�157) 0�006 �2�851 (�5�541; �0�161) 0�038
Living alone �0�118 (�4�306; 4�071) 0�956 NA NA

HCT comorbidity index‡ �0�394 (�0�936; 0�149) 0�154 NA NA

ECOG ≥2 �11�141 (�14�396; �7�886) <0�001 �10�388 (�13�619; �7�157) <0�001

CI, Confidence Interval; NA, Not Applicable; ECOG, Eastern Cooperative Oncology Group; HCT, Haematopoietic Cell Transplantation.

According to the Functional Assessment of Chronic Illness Therapy (FACIT)-Fatigue scale, the higher the score the lower is the reported level of

fatigue.

*Neutrophils were not included in any stepwise selection procedure because of high colinearity with white blood cells;

†Defined as having received at least one red blood cell (RBC) transfusion every 8 weeks over a period of 4 months.

‡Impact of comorbidity was also explored with the myelodysplastic syndrome Comorbidity Index and was not statistically significant in univariate

analysis.

Table III. Final multivariate model of factors associated with fatigue severity.

Variables

Multivariate analysis
Bootstrap analysis

b (95%, CI) P value Inclusion frequency (%)*

Haemoglobin (g/l) 0�0832 (0�001; 0�157) 0�026 63�6
Female gender �3�295 (�6�016; �0�575) 0�018 79�5
ECOG ≥2 �10�147 (�13�410; �6�884) <0�001 100

CI, Confidence Interval; ECOG, Eastern Cooperative Oncology Group.

According to the Functional Assessment of Chronic Illness Therapy (FACIT)-Fatigue scale, the higher the score the lower is the reported level of

fatigue.

*This percentage refers to the number of times a single variable was selected as an independent factor in multivariate analysis out of the 5000

bootstrap-generated samples.
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severe appetite loss and dyspnoea, respectively. This pattern

was consistent across all symptoms investigated, although the

percentages varied (Fig 2).

Accuracy of haemoglobin levels and fatigue severity in
explaining quality of life impairments

Figure 3 depicts the mean scores on the global QoL scale of

the EORTC QLQ-C30 by quartiles of Hb and FACIT-Fatigue

scores. The mean QoL scores of the patients with the lowest

(i.e., <81 g/l) versus those with the highest levels of Hb (i.e.,

≥101 g/l) were 46�6 (SD, 21�6) and 60�5 (SD, 20�3) respec-

tively (D = 13�9 points) and this difference was clinically

meaningful (i.e., at least 10 points) (Osoba et al, 1998).

However, the mean QoL scores of the patients with the high-

est versus the lowest levels of fatigue were 29�2 (SD, 18�3)
and 69�0 (SD, 18�8), respectively (D = 39�8 points). This lat-

ter difference was markedly larger than that found for the

Hb levels and was four times the magnitude of a clinically

meaningful difference. Additional analyses revealed a stronger

correlation (Spearman’s coefficient) between fatigue and QoL

(rs = 0�670) than between Hb levels and QoL (rs = 0�220).
Moreover, the strength of the correlations between Hb levels

and all of the functional scales of the EORTC QLQ-C30 (i.e.,

social, emotional, cognitive, role and physical functioning)

were weaker than those found between the functional scales

and fatigue (data not shown).

Discussion

The main finding of this study was the identification of gen-

der differences in newly diagnosed higher-risk MDS patients,

with women reporting greater fatigue severity than men.

This novel data from this population might have impor-

tant clinical implications as they suggest that, at the time of

diagnosis, physicians should pay special attention to female

patients regarding the management of fatigue. In our study,

the female patients also reported worse outcomes on all

scales of the EORTC QLQ-C30 (data not shown). Worse

baseline fatigue and QoLs in female patients should be con-

sidered when interpreting the results of MDS studies that use

the QoL as an endpoint. Our findings might be supported by

recent preliminary data from lower-risk MDS patients, which

revealed that female patients reported significantly more

pain/discomfort and anxiety/depression than males (Stauder

et al, 2010). In a pooled analysis of a large cohort of cancer

patients with various diagnoses, Wang et al (2010) found

that women reported significantly more severe fatigue than

men. Higher levels of fatigue in women have also been

reported in patients with various haematological malignan-

cies that are treated with targeted therapies or those who

have received allogeneic bone marrow transplantation (Hei-

nonen et al, 2001; Efficace et al, 2011). The gender difference

in symptom reporting in our MDS population might have

several psychosocial explanations (van Wijk & Kolk, 1997)

that remain to be clarified in future studies.

The degree of anaemia was found to be an important fac-

tor in our analysis, but this factor per se could not fully

explain the subjective perception of fatigue. An internet-

based survey found no relationship between Hb and fatigue

in MDS patients (Steensma et al, 2008). However, because

66% of the patients had undergone treatments beyond trans-

fusions at the time of this survey, it is difficult to compare

these findings with our own. Conversely, in a smaller study

of 50 patients, Jansen et al (2003) found a significant correla-

tion between fatigue and Hb level.

Another finding was that Hb levels provided little insight

into the overall burden of the disease from the patients’ per-

spectives. The difference between the patients with highest

versus those with lowest levels of fatigue on the global QoL

EORTC QLQ-C30 scale was four times the magnitude of a

clinically meaningful difference. Conversely, changes in Hb

values were not associated with such large variation in global

QoL scores (Fig 3). This finding might have important

implications because Hb level at disease onset is an impor-

tant factor on which treatment decisions can be made. Our

data indicate that patient-reported fatigue severity, rather

than the degree of anaemia, more accurately revealed the

effects of disease burden on the patients’ wellbeing and daily

functioning. This finding empirically substantiates the recent

European LeukaemiaNet recommendation (Malcovati et al,

2013) that patient-reported outcome assessment be included

in the standard diagnostic work-ups of individual MDS

patients.

Fig 1. Pre-treatment Symptom Prevalence.

Each symptom scale of the EORTC QLQ-C30

has been scored on a (0–100) range (where a
higher score means a worse outcome) and then

rated as ‘Not at all’ (if score = 0), ‘Mild’ (if

score >0 and <66) and ‘Moderate to severe’ (if

score ≥66).
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(C) (D)

(E)

(G)

(F)

Fig 2. Prevalence of patient-reported symptoms by fatigue severity. This figure reports the prevalence of symptom burden by levels of fatigue.

Each symptom scale of the EORTC QLQ-C30 has been scored on a (0–100) range (where a higher score means a worse outcome). In order to

summarize the severity of symptom burden, each scale was then rated as ‘Not at all’ (if score = 0), ‘Mild’ (if score >0 and <66) and ‘Moderate to

severe’ (if score ≥66). Low, low-medium, medium-high and high fatigue correspond respectively to the 4th (75th to 100th percentile), 3rd, 2nd

and 1st (0th to 25th percentile) quartile of FACIT-Fatigue scale. On this scale, the higher the score the lower is the reported level of fatigue.
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Analysis of symptom prevalence revealed that these

patients reported a wide range of symptoms at the time of

disease onset; more than half of the patients not only

reported fatigue but also reported dyspnoea, pain and insom-

nia (Fig 1). These symptoms have rarely been documented in

clinical research of patients with MDS, and the early recogni-

tion of these symptoms might help physicians to improve

symptom management. It is important that future studies

focus on improved understanding of the factors underlying

these symptoms. For example, studies investigating the origin

of pain and the factors associated with pain severity might

help to further improve symptom management in this high-

risk MDS population.

A related finding was the relationship between fatigue and

overall symptom burden. Greater levels of fatigue were asso-

ciated with greater symptom severity, particularly appetite

loss, dyspnoea, insomnia and pain (Fig 2). The associations

of fatigue severity with pain and dyspnoea have been

reported in patients with solid tumours that include breast,

colorectal, lung, ovarian and prostate cancers (Stone et al,

2000; Holzner et al, 2002). Our data revealed that fatigue

was not the only burdensome symptom at the time of diag-

nosis and support the need for studies examining whether

reductions in overall symptom burden can contribute to

reducing the severity of fatigue.

The present study has limitations. As the analyses were

cross-sectional, we were unable to investigate the persistence

of fatigue over time or to examine its relationships with vari-

ous treatments. We plan to report this additional data in our

prospective cohort study after all follow-up data are

acquired. Moreover, although we analysed a comprehensive

set of key clinical, laboratory and patient-related factors,

some other laboratory variables, such as serum albumin, cre-

atinine and bilirubin were not considered.

Our study also has key strengths. As recommended by

international guidelines (National Comprehensive Cancer

Network, 2012), fatigue was reported by the patients them-

selves using a well-validated questionnaire. Moreover, 80% of

the patients underwent a blood test within 1 week of com-

pletion of the fatigue assessments, which increases the confi-

dence in the generalizability of the findings. Finally, our

study was conducted in a large inception cohort of patients

who were accrued from many centres, and the results were

supported by state of the art sensitivity analysis.

In conclusion, the routine assessment of pre-treatment

patient-reported fatigue is recommended to better under-

stand the effects of disease burden on patients’ QoL. The

current data could also lay the groundwork for the develop-

ment and testing of gender-specific interventions in order to

more effectively address fatigue in higher-risk MDS patients.
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Fig 3. Quality of Life Mean Scores of the EORTC QLQ-C30 by levels of Fatigue and Haemoglobin. The upper panel reports mean scores of the

global health status/quality of life (QoL) scale of the EORTC QLQ-C30 by levels of fatigue, defined by quartiles of the FACIT Fatigue scale distri-

bution. This scale ranges from 0 to 52, with higher scores indicating lower levels of fatigue. ‘Low’ fatigue corresponds to 4th quartile, score range

(43–52) points, ‘low-medium’ to 3rd quartile, score range (36–42) points, ‘medium-high’ to 2nd quartile, score range (25–35) points and ‘high’

fatigue to 1st quartile score range (2–24) points. The lower panel reports mean scores of the global health status/QoL scale of the EORTC QLQ-

C30 by levels of haemoglobin (Hb) values (g/l), defined by quartiles of Hb distribution. ‘Low’ level of Hb corresponds to 1st quartile, range

(41�0–80�9) g/l, ‘low-medium’ to 2nd quartile, range (81�0–90�4) g/l, ‘medium-high’ to 3rd quartile, range (90�5–100�4) g/l, and ‘high’ to 4th

quartile, range (100�5–158�0) g/l. HRQOL, health-related quality of life.
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