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LINICAL INVESTIGATION Head and Neck

FATIGUE DURING HEAD-AND-NECK RADIOTHERAPY: PROSPECTIVE
STUDY ON 117 CONSECUTIVE PATIENTS
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ANNA KOWALCZYK, M.D., PH.D.,§ PAOLA CANINO, M.D.,* MOHSSEN ANSARIN, M.D.,† AND

ROBERTO ORECCHIA, M.D.*¶

Divisions of *Radiotherapy, †Head and Neck Surgery, and ‡Epidemiology and Biostatistics, European Institute of Oncology, Milan,
Italy; §Department of Oncology and Radiotherapy, Medical University of Gdansk, Gdansk, Poland; and ¶University of Milan,

Milan, Italy

Purpose: Fatigue is an underevaluated cancer-related and treatment-related symptom. We analyzed fatigue in
head and neck cancer patients undergoing radiotherapy (RT).
Methods and Materials: A total of 117 patients were enrolled (mean age, 58 years). Radiation therapy (median
dose, 66 Gy) was given with either exclusive or postoperative intent in 52 and 65 patients, respectively.
Chemotherapy (CT) was added before and/or during RT in 61 patients. The patients completed a 20-item
questionnaire (Multidimensional Fatigue Inventory [MFI-20]) before, during (weekly), and after RT. The impact
of patient-, tumor-, and treatment-related factors on fatigue was evaluated with unifactorial and multifactorial
tests.
Results: Fatigue level increased during RT reaching a maximum at Week 6 and then slowly decreased. In
multivariate stepwise regression analysis age (inversely related, p < 0.05), psychologic disorders (p < 0.005), and
previous head-and-neck surgery (inversely related, p < 0.005) were correlated with higher pre-RT fatigue level.
Pre-RT fatigue score (p < 0.0001), induction and/or concomitant CT (p � 0.035), need of cortisone during RT
(p � 0.005), and thyroid disorders (p � 0.032) were correlated with higher during-RT fatigue level. Pre-RT
fatigue score (p < 0.0001), induction and/or concomitant CT (p < 0.001), and need of cortisone during RT (p <
0.005) were correlated with higher post-RT fatigue level. No impact of gender, performance status, comorbidities
other than psychologic and thyroid, tumor stage/site, RT intent, dose, volume, duration, or toxicity was observed.
Conclusion: Fatigue affects all patients undergoing RT for head-and-neck cancer, reaches maximum score at the
6th week of RT, and slowly decreases thereafter. Age, thyroid dysfunction, psychologic disorders, pre-RT fatigue
score, CT, and cortisone use are correlated with RT-related fatigue levels. © 2007 Elsevier Inc.
Fatigue, Radiotherapy, Asthenia, MFI-20, Head and neck cancer.
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INTRODUCTION

atigue is a common and poorly understood symptom reported
y cancer patients (1). Despite its high prevalence and serious
dverse effects on the quality of life, it is underestimated by
edical and nursing staff (2). Both presence of tumor and

ancer treatment may induce fatigue. Fatigue can have great
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mplications on therapeutic decisions to interrupt the therapy or
o decrease the dose. In many analyses, patients believed that
atigue adversely affected the quality of life more than pain,
exual dysfunction, or other symptoms (1, 3). Severity of
atigue is related to diagnosis and is worst in patients with lung,
limentary, and head and neck carcinoma (4). However, spe-
ific studies on RT-related fatigue in head and neck cancer
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atients are lacking (1). There are some reports on the quality
f life, but not directly on the fatigue related to RT (5–7). The
ims of our study were to analyze prospectively fatigue level
nd its evolution during treatment in a series of consecutive
atients undergoing RT for head and neck cancer and to
valuate the impact of patient-, tumor-, and treatment-related
ariables.

METHODS AND MATERIALS

tudy patients
A total of 125 consecutive patients undergoing RT for head-

nd-neck tumor between January and December 2005 at the Di-
ision of Radiotherapy of the European Institute of Oncology in
ilan, Italy, were prospectively included in the study. Five pa-

ients who underwent head-and-neck RT in that period were ex-
luded from the study because of low compliance (for reasons such
s advanced age or illiteracy). Three patients, initially included in
he study, were excluded from the analysis because of the low
umber of filled-out questionnaires (�4). Thus the final study
opulation consisted of 117 patients (Table 1). All patients gave
ritten informed consent to undergo RT and verbal consent to
articipate in the study.

reatment
A total of 52 patients (44.4%) were treated with exclusive RT,

hereas 65 patients (55.6%) received postoperative RT (Table 1).
n 2 cases re-irradiation was performed. The RT was given by
-MV photons from a linear accelerator using 2 Gy fractions, in
ve fractions per week. The total dose varied from 36 to 70 Gy
median, 66 Gy). In all patients three-dimensional conformal RT
as performed with one of the following techniques: (1) two
pposite, equally weighted parallel lateral or oblique fields and one

 
 

 

Table 1. Patient, tumor, and treatment characteristics and acute
radiotherapy toxicity (Continued )

Characteristic No. of patients

kin toxicity
G1 35 (29.9%)
G2 59 (50.4%)
G3 22 (18.8%)
G4 1 (0.8%)
eight loss
�5% 72 (62%)
�5% 45 (38%)

ortisone administration during RT 80 (68%)
T interruption due to acute

toxicity**
11 (9%)

Abbreviations: CT � chemotherapy; KPS � Karnofsky perfor-
ance status; RT – radiotherapy; SD � standard deviation.
* T1–T2N0.
† T3-4 and/or N positive tumors.
‡ Hemoglobin (Hb) �11 g/dl.
§ Hb for female 11 g/dl � Hb � 11.9 g/dl; for male 11 g/dl �

b � 12.9 g/dl.
� Hb for female �12 g/dl and for male � 13 g/dl (51).
¶ According to the criteria of the Radiation Therapy Oncology

roup (RTOG) (8).
** Median duration of interruption: 1 day (range, 1–10 days).
Table 1. Patient, tumor, and treatment characteristics and acute
radiotherapy toxicity

Characteristic No. of patients

umber of patients 117
ge (y), mean � SD (range) 58.4�12.4 (19–84)
ender:
Male 93 (79.5%)
Female 24 (20.5%)

PS
100 78 (66.7%)
90 32 (27.4%)
80 6 (5.1%)
Unknown 1 (0.9%)

umor histology:
Squamous cell carcinoma 89 (76%)
Undifferentiated carcinoma 16 (13.5%)
Salivary tumors 8 (7%)
Melanoma 2 (1.5%)
Lymphoma 1 (1%)
Osteosarcoma 1 (1%)

umor stage
Initial* 19 (16%)
Locally advanced† 98 (84%)

umor site
Oral cavity 29 (25%)
Pharynx 50 (42.5%)
Larynx 24 (20.5%)
Other sites 14 (12.0%)

omorbidities (presence of): 64 (54.7%)
Cardiovascular diseases 46 (39.3%)
Diabetes mellitus 10 (8.6%)
Respiratory diseases 8 (6.8%)
Thyroid dysfunction 7 (6.0%)
Neurologic disorders 6 (5.1%)
Psychologic disorders 9 (7.7%)
Liver diseases 11 (9.4%)
Renal diseases 4 (3.4%)
Previous malignancy 6 (5.1%)

emoglobin level
Unknown 13 (11.1%)
Severe anemia‡ 5 (4.3%)
Mild anemia§ 34 (29.1%)
Normal hemoglobin� 65 (55.6%)

ntent of RT
Exclusive RT 52 (44.4%)
Postoperative RT 65 (55.6%)

hemotherapy 61 (52%)
nduction CT 4 (3.5%)
oncomitant CT 17 (14.5%)

nduction � concomitant CT 40 (34%)
ny previous surgery for head and

neck malignancy
69 (59%)

cute RT toxicity ¶

ucositis
G0 3 (2.6%)
G1  
G2  
G3 42 (36.2%)
G4 1 (0.9%)

ysphagia
G0 13 (11.1%)
G1  
G2 47 (40.2%)
G3 19 (16.2%)
G4 0
nterior field (82 patients, 70%); (2) two lateral fields (without
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iddle- and lower-neck RT) (6 patients, 5%); (3) two small
aryngeal fields (10 patients, 8.5%); (4) two oblique wedged upper
elds with or without ipsilateral neck irradiation (19 patients,
6.5%). These techniques were classified as large-volume (items 1
nd 2 above), and small-volume techniques (items 3 and 4). The
T was delivered on an out-patient basis and ranged in duration

rom 32 to 71 days (median, 49 days).
All patients were given guidelines about oral hygiene and ali-
entation. During RT patients were seen by the radiation oncol-

gist at least once a week. Treatment toxicity (according to the
adiation Therapy Oncology Group [RTOG] criteria) and weight

oss were recorded (8). Blood tests (including blood count, liver,
enal, and thyroid function tests) were performed before RT, at the
th week of treatment and 10 days after the treatment completion.
Chemotherapy was added to RT in 61 patients (52%). Induction

hemotherapy included three cycles of cisplatin (100 mg/m2 in-
ravenous, Day 1) and 5-fluorouracil (1,000 mg/m2/day, continu-
us intravenous infusion, Days 1–5) and concomitant chemother-
py included weekly carboplatin (area under the curve, 1.5) or
isplatin (100 mg/m2) given every 3 weeks.

nstruments and methods
All patients were asked to fill out a 20-item questionnaire

Multidimensional Fatigue Inventory [MFI-20]) (9) before treat-
ent start (pre-RT), every week of the RT (during-RT), and 10 and

0 days after the treatment completion (post-RT). The MFI-20 was
ranslated into Italian and then evaluated independently by 2 of the
nvestigators. The original MFI-20 was modified to have the same
irection of response for all items, with response 0 corresponding
o the lowest and 5 to the highest level of fatigue). Twenty
esponses were summed giving the value ranging from 0 (mini-
um) to 80 (maximum) for each measurement. Each patient was

onsidered evaluable for analysis if at least four forms were filled
ut.

tatistics
Patient characteristics were summarized as frequencies and per-

entages for categorical variables as and means � standard devi-
tions (SD) for continuous variables. Time course of fatigue was
eported in terms of means � standard errors.

trategies for replacing missing values because of unfilled
uestionnaire
As expected, a remarkable number of missing scores were

bserved. These missing values were replaced, when necessary,
ith the closest valid score. If occurred before RT, the missing

atigue score was replaced by the first valid one reported during
T (first observation carried backward). Because of this replace-
ent, mean fatigue level at baseline could result greater then that

alculated from the original values and the RT effect could be
lightly underestimated. In case of missing scores at both post-
reatment visits, replacement was done using the last (valid) score
uring RT (last observation carried forward [LOCF]).

tatistical analysis
The mean effect of RT was evaluated calculating the difference

etween the mean MFI-20 fatigue score over the entire RT period,
nd the baseline score. A paired t test was applied to quantify the
tatistical significance of this difference. The trend of the fatigue
core over time was evaluated through three time-points: baseline

re-RT, maximum during-RT, and average post-RT scores. To (
heck for associations among fatigue level predictors, Spearman’s
orrelation coefficient was used. To explore the associations
mong each predictor of pre-RT, during-RT, or post-RT fatigue
evel and response variable(s), univariate analysis of variance
odels were used.
The predictor variables included were: age, sex, Karnofsky

erformance status, concomitant disorders (cardiovascular dis-
ases, diabetes mellitus, respiratory disorders, neurologic diseases,
sychologic disorders, liver diseases, thyroid dysfunction includ-
ng mainly clinical or sublinical hypothyroidism, renal disorders,
revious malignancy), tumor stage (initial vs. locally advanced),
umor site, intent of RT (exclusive vs. postoperative), previous
ead-and-neck surgery for malignancy, RT total dose, RT volume
large vs. small), RT duration, RT toxicity (mucositis, dysphagia,
eight loss), administration of cortisone, induction chemotherapy,

oncomitant chemotherapy, and hemoglobin level. The statistical
odels regarding during- and post-RT fatigue predictors included

lso the pre-RT fatigue score as covariate, to estimate its impact
nd to adjust for intrasubject correlation.

The model regarding post-RT fatigue prediction has been pro-
uced on the entire set of 117 patients. To estimate the replacement
ffect with LOCF, the analysis has also been repeated on the subset
f patients with at least one valid fatigue score reported after RT.
alues of p � 0.05 were considered statistically significant; those
etween 0.05 and 0.1 were also included in the multivariate model.
For each dependent variable a final multivariate stepwise regres-

ion model (using p � 0.1 as entry and stay threshold levels),
ncluding the most important and statistically significant variables
evealed during univariate analysis, was used. The global goodness
f fit of each model, that is the amount of variance explained by the
odel in comparison with the total variance, as well as the partial

ariance explained by each variable, were evaluated by the R2

tatistic.

RESULTS

ime course of fatigue
All 117 patients who were considered evaluable for anal-

sis filled out at least one MFI-20 questionnaire during RT.
here were 102 (82.7%) and 72 (61.5%) patients with
vailable pre-RT and post-RT fatigue data, respectively.
he mean number of filled-out forms per patient was 8.3 �
.8 (range, 4–11).
After applying the first observation carried backward and

he LOCF approaches for missing data, statistical analyses
ere carried on the whole sample of 117 patients. Fatigue

evel increased from 25.8 � 1.7 (baseline) to 33.7 � 1.8 as
verage during-RT (impairment of 7.8 points, p � 0.0001,
able 2). Furthermore the maximum level of fatigue during
T was 44 � 2.0. During the whole RT period fatigue was

owest at Week 1 (27.2 � 1.8) and highest at Week 6 (36.1
2.2), showing a gradual increase in fatigue over the

eriod of RT (Fig. 1). Only when RT was completed did
atigue begin to decrease; on average the post-RT fatigue
evel was 37.2 � 2.0 (Table 2). In comparison to the
verage post-RT calculated on the subset of 72 patients with
t least one post-RT visit (32.8 � 2.6), the fatigue score
fter replacement turned out to be slightly overestimated

Table 2). The statistical analysis, designed to reveal the



Table 2. Fatigue scores over treatment time (original values and summary data after replacements)

N

Over
all

time
points

Before RT During RT After RT

Original data

After
FOCB

replacement Original data Original data

After
LOCF

replacement

Week

Average
over
time Maximum Week Average over time

117 102
(*)
72

(A)
117

1st
110

2nd
111

3rd
112

4th
113

5th
110

6th
98

7th
61

8th
17

(B)
117

(C)
117

2nd
72

6th

66 72
(D)
117

Mean 33.1 25.8 23.3 25.8 27.2 31.1 33.5 33.9 35.5 36.1 35.6 36.0 33.7 44.0 33.5 31.8 32.8 37.2
SD 18.5 18.5 17.5 18.3 19.1 21.1 21.7 21.0 22.5 21.8 23.2 23.0 19.2 21.7 22.6 22.1 21.8 22.0
SE 1.7 1.8 2.1 1.7 1.8 2.0 2.1 2.0 2.1 2.2 3.0 5.6 1.8 2.0 2.7 2.7 2.6 2.0
Median 33.7 23.0 20.4 22.0 24.3 29.0 34.0 34.0 35.3 37.5 35.0 40.0 35.0 46.0 36.0 32.5 33.2 37.0
Min-max 0–77.3 0–76.0 0–64.0 0–76.0 0–69.0 0–80.0 0–80.0 0–78.0 0–80.0 0–80.0 0–80.0 0–80.0 0–77.3 0–80.0 0–80.0 0–80.0 0–77.0 0–80.0

Abbreviations: CI � confidence interval; FOCB � first observation carried backward; LOCF � last observation carried forward; N � number of available measurements (out of 117
patients); RT � radiotherapy; SD � standard deviation; SE � standard error.

* Subset of 72 patients with original fatigue data after RT.
RT effect: t test on (B) – (A) difference: p � 0.0001; estimate of the fatigue worsening attributable to RT: 7.8 (95% CI, 5.2–10.5)
Fatigue trend over time: repeated-measures analysis of variance on (A) vs. (C) vs. (D): p (linear trend) � 0.0001; p (quadratic trend) � 0.0001
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xistence of any kind of trend, provided a statistically sig-
ificant result (repeated-measures analysis of variance, p �
.0001).

nalysis of predictors for on-treatment fatigue level
For each variable, Table 3 contains baseline (pre-RT)

atigue score, the mean impairment caused by RT, the
aximum impairment caused by RT (means � SD), and the

elevant univariate test. The variables significantly associ-
ted, at univariate analysis, with the mean during-RT fa-
igue impairment included the following: induction and/or
oncomitant chemotherapy, thyroid disorders, severe ane-
ia, RT duration, RT-related toxicity (mucositis, dyspha-

ia, weight loss), and need of cortisone during RT.
In a multivariate stepwise regression analysis, the asso-

iation was confirmed for the following: pre-RT fatigue (p
0.0001), induction and/or concomitant chemotherapy (p
0.035), need of cortisone (p � 0.005), and thyroid dis-

rders (p � 0.032). This model fitted the observed data
uite well, explaining nearly 59% of the variance in dur-
ng-RT fatigue score. As expected, more than 80% of this
ariance (49% of 59%) was attributable to pre-RT fatigue
core.

Similar results were provided using maximum during-RT
atigue level instead of during-RT average (Table 3).

nalysis of predictors for post-treatment fatigue level
For each variable, Table 4 shows pre-RT fatigue score,

ost-RT vs. pre-RT score difference (means � SD), and
elevant univariate tests on the entire sample (N � 117 after
OCF replacement) and original data (N � 72).
In 117 patients, the impairment caused by RT, evaluated

pproximately 4 weeks after RT (estimated period com-
uted as average of 10-day and 40-day post-RT evalua-

Fig. 1. Fatigue evolution during radiotherapy (RT) for he
after RT with use of the Multidimensional Fatigue Inv
standard deviation.
ions), was quantified as 11.3 points (p � 0.0001). i
The variables statistically associated in the univariate
nalysis to impairment of post-RT fatigue levels in compar-
son to pre-RT were age, induction and/or concomitant
hemotherapy, RT-related toxicity (mucositis, dysphagia,
eight loss), and need of cortisone during RT (Table 4).
In a multivariate stepwise regression analysis the associ-

tion was confirmed for pre-RT fatigue (p � 0.0001), in-
uction and/or concomitant chemotherapy (p � 0.001), and
eed of cortisone (p � 0.005). The goodness of fit of the
odel was lower than for the “during-RT” evaluation (R2 �

.402 vs. 0.59). However, the weight of pre-RT score on the
otal variance lowered to 68% (26.7% of 40%) from 80%.
imilar results were provided by the analysis of the original
ata (n � 72) (Table 4).

nalysis of predictors for pre-RT fatigue level
From the foregoing analyses it was clear that pre-RT

atigue was the most important predictor of the degree of
atigue after treatment. Therefore the factors contributing to
re-treatment fatigue were investigated with a similar re-
ression analysis (Table 5). Pretreatment fatigue was used
s response variable. The predictors correlated in the uni-
ariate analysis with pre-RT higher fatigue level fatigue
ncluded RT intent, previous head-and-neck surgery, psy-
hologic disorders, and induction CT. Previous surgery
inversely related, p � 0.005), psychologic disorders (p �
.005), and age (inversely related, p � 0.05) were signifi-
antly correlated with pre-RT fatigue in multivariate anal-
sis (Table 5).

DISCUSSION

To our knowledge this is the largest study published to
ate that presents detailed information regarding the sever-

neck tumor. Fatigue scores assessed before, during, and
(MFI-20) questionnaire are shown. Data are mean �
ad and
entory
ty, correlates, and course of fatigue during RT for head and
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Table 3. Univariate and multivariate analysis of potential predictors of the during-treatment fatigue (N � 117)

Variable N

Before RT During RT

After
FOCB

replacement Average over time Maximum value over time

Mean �
SD

Impairment
caused by
RT (vs.

baseline)

p Values

Impairment
due to RT

(vs.
baseline)

p Values

Univar* Multivar† Univar* Multivar†

verall 117 25.8 � 18.3 7.8 � 14.3 �0.0001 18.1 � 17.8 �0.0001
re-RT fatigue
Below median 57 10.6 � 7.2 10.8 � 13.1 0.027 �0.0001 21.7 � 19.5 0.032 �0.0001
Above median 60 40.3 � 13.1 5.0 � 14.0 14.7 � 15.4

ge (y)
�50 28 31.2 � 20.1 4.5 � 18.1 13.0 � 18.0
51-60 34 23.6 � 17.5 10.0 � 12.3 0.14‡ – 20.7 � 19.1 0.21‡ 0.077§

61-70 39 22.0 � 16.3 10.1 � 14.2 20.6 � 18.1
�70 16 30.5 � 19.8 3.7 � 9.6 15.7 � 12.7

nduction CT
No 73 22.7 � 17.4 5.8 � 15.1 0.0022 – 15.7 � 17.5 0.0049 –
Yes 44 31.1 � 18.8 11.2 � 12.5 22.3 � 17.8

hyroid disorder
No 109 26.0 � 18.4 7.0 � 14.2 0.04 0.032 17.4 � 18.0 0.13
Yes 7 20.2 � 14.6 19.3 � 13.8 29.3 � 13.8

asal hemoglobin
Unknown 13 24.8 � 20.0 10.9 � 16.8 – 21.5 � 24.8 –
Severe anemia� 5 32.4 � 15.6 14.2 � 13.7 24.2 � 19.7
Mild anemia¶ 34 26.9 � 20.0 10.9 � 13.9 0.025 – 21.0 � 17.8 0.1
Normal hemoglobin** 65 25.0 � 17.5 5.1 � 13.8 15.4 � 16.0

oncomitant CT
No 60 23.0 � 17.7 6.3 � 15.5 0.061 – 15.6 � 17.9 0.03
Yes 57 28.8 � 18.6 9.4 � 12.9 20.8 � 17.5

hemotherapy
No 56 21.8 � 17.3 6.3 � 16.0 15.4 � 18.3
Induction CT 4 39.8 � 16.4 6.2 � 7.1 0.023 0.035 18.3 � 14.0 0.04 0.028
Concomitant CT 17 25.6 � 17.8 4.0 � 11.7 16.5 � 15.2
Concomitant�Induction CT 40 30.2 � 19.0 11.8 � 12.8 22.7 � 18.2

T total dose (Gy)
�60 29 23.6 � 16.3 6.4 � 13.2 18.4 � 17.7
61-69 44 23.1 � 18.2 6.7 � 15.9 0.085§ – 16.8 � 19.3 0.44§
�70 44 30.1 � 19.3 9.9 � 13.5 19.3 � 16.6

T duration (days)
�45 22 26.3 � 19.8 -0.2 � 18.8 9.1 � 22.5
45-49 39 23.3 � 15.9 11.0 � 11.5 0.05§ 0.07 21.3 � 14.6 0.07§
50-54 38 26.9 � 19.3 9.0 � 14.5 19.7 � 19.4
�55 18 28.6 � 19.9 8.5 � 10.0 19.0 � 10.8

T-induced mucositis
0-2 RTOG grade 74 25.4 � 17.4 5.9 � 15.1 0.03 – 15.8 � 17.9 0.04
3-4 RTOG grade 43 26.6 � 19.9 11.3 � 12.2 22.2 � 17.1

T-induced dysphagia
0-2 RTOG grade 98 23.8 � 17.8 7.1 � 15.2 0.02 – 17.6 � 18.9 0.1
3-4 RTOG grade 19 36.5 � 17.8 11.7 � 7.7 21.0 � 10.8

T-induced weight loss
�5% 72 24.8 � 17.1 5.5 � 14.5 �0.01 – 14.5 � 16.4 0.002 0.088
�5% 45 27.5 � 20.1 11.6 � 13.4 23.9 � 18.8

ortisone administration
No 37 23.6 � 18.7 3.2 � 15.6 �0.01 0.005 11.7 � 17.0 0.002 0.027
Yes 80 26.9 � 18.1 10.0 � 13.3 21.1 � 17.5

Abbreviations: CT � chemotherapy; FOCB � first observation carried backward; multivar � multivariate; N � number of patients in
ach subgroup; RT � radiotherapy; RTOG � Radiation Therapy Oncology Group; SD � standard deviation; univar � univariate.

* Comparing the differences adjusted by pre-RT score using analysis of variance.
† Multivariate stepwise regression analysis.
‡ Test for quadratic trend.
§ Test for linear trend.
� Hemoglobin (Hb) � 11 g/dl.
¶ Hb for women, 11 g/dl � Hb � 11.9 g/dl; for men, 11 g/dl � Hb �12.9 g/dl.

** Hb for women, �12 g/dl; for men �13 g/dl (51).
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eck cancer. We have shown that fatigue affects all patients
ndergoing RT for head and neck tumor, reaches maximum
core at the Week 6 of RT, and slowly decreases thereafter.
uch evolution of fatigue was reported also for the other

umor sites (10, 11–13) and confirms the adaptation of the
rganism to a continuing stress (11). Age, thyroid dysfunc-

Table 4. Univariate and multivariate analysis

Variable

After replacement (N � 117

N

Before RT
(FOCB)

After RT
(LOCF)

Mean�SD

Impairment
due to RT

(vs.
baseline) Univa

verall 117 25.8 � 18.3 11.3 � 19.8 �0.00
re-RT fatigue
Below median 57 10.6 � 7.2 16.4 � 20.0 0.00
Above median 60 40.3 � 13.1 6.5 � 18.4

ge (y)
�50 28 31.2 � 20.1 4.4 � 20.8
51-60 34 23.6 � 17.5 15.7 � 19.1
61-70 39 22.0 � 16.3 15.0 � 19.2 0.03
�70 16 30.5 � 19.8 5.3 � 17.4

nduction CT
No 73 22.7 � 17.4 8.2 � 20.0 �0.00
Yes 44 31.1 � 18.8 16.6 � 18.5

oncomitant CT
No 60 23.0 � 17.7 7.5 � 19.6 0.00
Yes 57 28.8 � 18.6 15.3 � 19.3

hemotherapy
No 56 21.8 � 17.3 7.8 � 20.2
Induction 4 39.8 � 16.4 3.8 � 8.9 0.00
Concomitant 17 25.6 � 17.8 9.4 � 19.7

oncomitant�Induction 40 30.2 � 19.0 17.8 � 18.8
T duration (days)
�45 22 26.3 � 19.8 2.9 � 24.8
45–49 39 23.3 � 15.9 13.7 � 16.3 0.08
50–54 38 26.9 � 19.3 13.5 � 22.1
�55 18 28.6 � 19.9 12.0 � 11.6

T-induced mucositis
0–2 RTOG grade 74 25.4 � 17.4 8.3 � 19.1 0.01
3-4 RTOG grade 43 26.6 � 19.9 16.6 � 20.1

T-induced dysphagia
0-2 RTOG grade 98 23.8 � 17.8 10.2 � 20.8 0.01
3-4 RTOG grade 19 36.5 � 17.8 17.0 � 12.4

T-induced weight
loss

�5% 72 24.8 � 17.1 7.7 � 18.5 0.00
�5% 45 27.5 � 20.1 17.2 � 20.5

ortisone
administration

No 37 23.6 � 18.7 4.3 � 17.9 �0.00
Yes 80 26.9 � 18.1 14.6 � 19.9

Abbreviations: CT � chemotherapy; FOCB � first observation
multivariate; N � number of patients in each subgroup; RT �

tandard deviation; univar � univariate.
* Comparing the differences adjusted by pre-RT score using an
† Multivariate stepwise regression analysis.
‡ Test for quadratic trend.
§ Test for linear trend.
ion, psychologic disorders, pre-RT fatigue score, chemo-
herapy, and cortisone use are correlated with RT-related
atigue levels. The comparison of our results on head-and-
eck cancer patients with other reports is not straightfor-
ard, as the majority of series include numerous tumor sites

varying in such factors as prognosis and comorbidities) and
ancer treatments (4, 14–15).

ntial predictors of the post-treatment fatigue

Original data (N � 72)

es

N

Before RT After RT p Values

ultivar† Mean�SD

Impairment
due to RT

(vs.
baseline) Univar* Multivar†

72 23.3 � 17.5 9.4 � 16.8 �0.0001

0.0001 57 9.4 � 7.0 12.8 � 18.6 0.067 0.0063
60 38.9 � 11.6 5.6 � 13.8

15 28.3 � 18.5 6.4 � 11.3
19 20.8 � 17.5 14.0 � 19.1

0.07§ 27 20.5 � 16.9 10.6 � 18.1 0.13‡ –
11 28.0 � 17.8 3.0 � 14.8

– 49 19.8 � 16.1 6.0 � 15.7 �0.001 –
23 30.9 � 18.3 16.8 � 16.9

– 42 19.6 � 14.9 6.7 � 16.0 0.03 –
30 28.6 � 19.7 13.2 � 17.4

40 19.1 � 15.1 6.6 � 16.4
0.001 2 29.6 � 2.0 9.1 � 3.7 0.009 0.0014

9 22.9 � 20.7 3.0 � 13.0
21 31.0 � 19.2 17.5 � 17.5

12 22.0 � 16.1 4.8 � 15.2
– 27 19.8 � 13.6 10.6 � 13.3 0.42§ –

25 27.4 � 21.4 10.6 � 22.3
8 24.5 � 18.3 8.9 � 9.5

– 49 22.4 � 16.1 7.3 � 15.8 0.08 –
23 25.4 � 20.4 14.0 � 18.3

– 62 21.5 � 17.0 8.4 � 17.4 0.08 –
10 34.5 � 17.3 15.5 � 10.9

– 48 21.7 � 16.0 7.5 � 15.5 �0.1 –
24 26.7 � 20.1 13.3 � 18.8

0.005 25 17.6 � 14.6 5.6 � 13.2 0.06 –
47 26.4 � 18.3 11.5 � 18.2

backward; LOCF � last observation carried backward; multivar
otherapy; RTOG � Radiation Therapy Oncology Group; SD �

of variance.
of pote

)

p Valu

r* M

01

7 �

‡

1

3

5 �

§

3

01 �

carried
radi

alysis
Fatigue is thought to be a nonspecific, multidimensional
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oncept that involves subjective feeling of tiredness, weak-
ess, and/or lack of energy. Distinct dimensions of fatigue,
.g., sensory, emotional, and cognitive, have to be measured
3). In the last decade modern instruments have been de-
igned to measure fatigue (3, 9, 16, 17). For our prospective
tudy we have chosen the MFI-20 questionnaire. The
FI-20 was developed as a self-report instrument by the
utch authors (9) and covers the following dimensions:
eneral fatigue, physical fatigue, reduced activity, reduced
otivation, and mental fatigue. Several studies confirmed

he internal consistency and construct validity of the scale
14). At present, MFI-20 has been frequently used in on-
ology research (10, 15, 18) and in research on chronic
onditions (19–21). We calculated the total score (a sum of
he score of the individual items) to obtain the global
udgment on the fatigue. Such an MFI-20 calculation has
een demonstrated to be useful and justified from a statis-
ical perspective (22).

In our study we decided to evaluate only acute and
ubacute fatigue levels. The evaluation of the impact of
ome patient-related factors was limited because of the high
umber of missing data (for example, post-RT hemoglobin
evel). Further evaluation of chronic fatigue and the impact
f the biologic factors in the fatigue etiology would defi-
itely be interesting. However, because of the specificity of
he head and neck cancer population (low compliance con-

Table 5. Univariate and multivariate analys

Variable N � 102

Age (y)
�50 24
51–60 29
61–70 37
�70 12

Intent of RT
Exclusive 43
Postoperative 59

Induction CT
No 66
Yes 36

Previous head-and-neck surgery
No 39
Yes 63

Respiratory disease
No 94
Yes 8

Psychologic disorder
No 95
Yes 7

Previous malignancy
No 96
Yes 6

Abbreviations: CT � chemotherapy; N � n
radiotherapy.

* Test for quadratic trend.
† Test for linear trend.
rmed also in our study by the high number of missing h
orms), such analysis requires better patient motivation
eans.
Contrary to other studies, in our analysis fatigue only

lightly decreased at Week 6 after RT, and post-RT
atigue score was significantly higher than the pre-RT
ne (10). This can be partially explained by the long
ecovery of highly invalidating RT-related toxicity typi-
al for head-and-neck irradiation (mucositis, dysphagia,
eight loss etc.).
An important question addressed in our study involved

he patient-, tumor-, and treatment-related factors correlated
ith pre-RT, during-RT, and post-RT fatigue levels. In our

tudy younger age, psychologic disorder, and absence of
revious surgery for head-and-neck malignancy were cor-
elated with higher baseline fatigue score. Patient-related
haracteristics such as age, gender, and social factors (ed-
cation level, marital status, socioeconomic status) were
ound in some studies to correlate with therapy-related
atigue (15, 23–27) but were not relevant in other studies (4,
0). These contradictory data on RT-related fatigue could be
xplained by impact of numerous variables such as various
umor sites, methods of assessment, and retrospective nature
f the majority of the studies. Thus, multifactorial analyses
f large homogeneous patient series with use of widely
ccepted instruments might help to elucidate these issues.

The association between fatigue and psychologic factors

otential predictors for pretreatment fatigue

ean � SD
Univariate

p value
Multivariate

p value

1.2 � 19.8
5.2 � 18.3
2.1 � 16.7 0.14* �0.05†

7.9 � 20.4

1.2 � 20.1 0.01 –
1.9 � 16.2

1.8 � 17.4 0.0025 –
3.2 � 18.3

3.0 � 20.0 0.0017 �0.0005
1.4 � 16.0

5.0 � 18.1 0.15 �0.1
4.8 � 21.0

4.4 � 18.1 0.004 �0.005
5.1 � 11.7

5.0 � 18.0 0.09 –
8.3 � 22.3

of patients; SD � standard deviation; RT �
is of p

M

3
2
2
2

3
2

2
3

3
2

2
3

2
4

2
3

umber
as already been reported (10, 12, 15, 28–30). Fatigue was
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lso found to correlate with symptom distress, mood distur-
ance, and alterations in usual functional activities (9, 12).
Lower levels of fatigue in the patients who underwent the

urgery and/or chemotherapy have been already observed
hen compared to the previously untreated patients (31).
his phenomenon, confirmed in our series, is called a “re-
ponse shift” and results from changes in internal standards
hat occur in cancer patients undergoing cancer therapy
32). Another explanation of higher fatigue in the patients
reated with primary RT for head and neck cancer (no
revious surgery) could be the presence of active malig-
ancy; however, this has to be further explored (the tumor
tage was not correlated with fatigue level).

Higher during-RT and post-RT fatigue levels were cor-
elated with higher pre-RT fatigue score, thyroid disorder,
nduction and/or concomitant chemotherapy, and need of
ortisone during RT (administrated usually for Grade 2 or 3
ucositis and/or dysphagia). As in numerous studies (10,

3, 27), pre-treatment fatigue was more powerful than any
ther indicator in predicting during- and post-RT fatigue.
ontrary to the findings of Smets et al. (10), in our study no
orrelation between psychologic factors and during- and
ost-RT fatigue was found. Addition of chemotherapy to
rradiation significantly increased both acute and chronic
reatment-related fatigue in several studies (25, 28, 33, 34).
n head and neck cancer survivors treated with RT (conven-
ional or hypofractionated) with or without surgery, social
unction, emotional function, and fatigue were significantly
nfluenced by type of surgery but not by RT regimen (35).
he lack of correlation between the fatigue levels and the
T parameters (dose, volume, duration) as well tumor-

elated factors (stage, site) was reported in our series. In-
eed, the correlation between fatigue and treatment-related
actors is not yet clear, and conflicting data have been
ublished. An increase in fatigue with increase of RT fields
nd dose was observed (36–40), although it was not con-
rmed by other groups (4, 15). We observed higher fatigue

evels in the patients who needed cortisone, suggesting the
ole of RT-induced toxicity, although no impact of toxicity

as found in the multivariate analysis. These issues as well a
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APPENDIX 1
MULTIDIMENSIONAL FATIGUE INVENTORY
*** MFI-20 *** 

by E. Smets et al. (9)
with kind permission of Dr. E. Smets  
modified (see “Methods and Materials” section in text for explanation)  

Instructions: 
By means of the following statements we would like to get an idea of how you have been 
feeling lately. There is, for example, the statement: 

"I FEEL RELAXED" 

If you think that this is entirely true, that indeed you have been feeling relaxed lately, 
please, place an X in the extreme left box; like this: 

Yes, that is true x     No, that is not true 

The more you disagree with the statement, the more you can place an X in the direction of 
"No, that is not true". Please, do not miss out a statement; place one X next to each 
statement.

 ,seY t.if leef I .1
that is 

true

     No, that 
is not 
true 

2. Physically I feel able to do a lot. Yes, 
that is 

true

     No, that 
is not 
true 

 ,seY e.vitca yrev leef I .3
that is 

true

     No, that 
is not 
true 

4. I feel like doing all sorts of nice things. Yes, 
that is 

true

     No, that 
is not 
true 

 ,seY d.erit leef ton od I .5
that is 

true

     No, that 
is not 
true 

6. I think I do a lot in a day. Yes, 
that is 

true

     No, that 
is not 
true 
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7. When I am doing something, I can
keep my thoughts on it. 

8. Physically I can take on a lot. 

9. I do not dread having to do things. 

 y.ad a ni tol a od I .01

11. I can concentrate well. 

 d.etser ma I .21

13. It takes little effort to concentrate o
things. 

14. Physically I feel I am in a good 
condition. 

 s.nalp fo tol a evah I .51

 d.erit teg yldrah I .61

 t.ol a enod teg I .71

18. I feel like doing something. 

19. My thoughts hardly wander. 
     Yes,
that is 

true

     No, that 
is not 
true 

Yes, 
that is 

true

     No, that 
is not 
true 

Yes, 
that is 

true

     No, that 
is not 
true 

 ,seY
that is 

true

     No, that 
is not 
true 

Yes, 
that is 

true

     No, that 
is not 
true 

 ,seY
that is 

true

     No, that 
is not 
true 

n Yes,
that is 

true

     No, that 
is not 
true 

Yes,
that is 

true

     No, that 
is not 
true 

 ,seY
that is 

true

     No, that 
is not 
true 

 ,seY
that is 

true

     No, that 
is not 
true 

 ,seY
that is 

true

     No, that 
is not 
true 

Yes, 
that is 

true

     No, that 
is not 
true 

Yes, 
that is 

true

     No, that 
is not 
true 
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20. Physically I feel I am in an excellent 
condition. 

Yes,
that is 

true

     No, that 
is not 
true 

Thank you very much for your cooperation. 
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