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ABSTRACT
Background: Side effects of chemotherapy may occur at different time-points in the treatment cycle,
and the exact assessment time relative to chemotherapy may affect HRQoL scores. The current study
examined the variation of HRQoL during chemotherapy cycles, and whether differences in HRQoL
scores varied at selected time-points between patients allocated to two different chemotherapy
regimens.
Material and methods: Patients with stage IIIB or IV non-small-cell lung cancer (NSCLC) were ran-
domly assigned to receive three cycles of carboplatin plus vinorelbine (VC) or gemcitabine (GC) every
3 weeks. HRQoL was reported on the EORTC QLQ-C30 and LC13 on days 1, 4, 8, 11 and 15 of every
cycle. Global health status, nausea/vomiting, fatigue and dyspnea (LC13) were defined as the HRQoL
scales of primary interest.
Results: Fifty-two patients were enrolled. Variation of mean scores of global health status, nausea/vom-
iting and fatigue showed a consistent pattern during chemotherapy. Day 4 appeared to be the time-
point when chemotherapy influenced HRQoL the most. The differences in mean HRQoL scores
between the two treatment arms varied at the different time-points, especially for nausea/vomiting.
Conclusion: There was a clinically relevant variation of HRQoL during chemotherapy cycles, with
increased symptom burden the first week following treatment. Our results suggest that timing of
HRQoL assessment can influence the chances of detecting differences between the treatment
regimens.
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Introduction

The most common efficacy outcomes evaluated in cancer
clinical trials are overall survival and objective measures of
disease control such as response rates and progression-free
survival. In order to provide a patient perspective, many clin-
ical cancer trials, including trials in non-small-cell lung cancer
(NSCLC), incorporate assessment of health-related quality of
life (HRQoL) [1,2]. HRQoL is a multidimensional construct,
which covers subjective perceptions of physical, emotional,
social and cognitive functions, as well as symptoms arising
from the disease and side effects of cancer treatment [3].
Measuring HRQoL may help patients and physicians to
decide on the best treatment, based on the knowledge of
the expected benefits and toxicity of therapies [4].

For HRQoL data to be clinically useful, it must be acquired
with appropriate instruments and methods. The choice of
time-points for HRQoL assessments could be of particular
importance when studying the effects of chemotherapy,
which is often toxic and with a narrow therapeutic index.
Assessments during treatment can either be time-based,

given a set number of weeks after randomization, or event-
based, coinciding with treatment cycles. Most common,
HRQoL is registered at times considered convenient, i.e.
when a patient comes to the clinic for a new cycle of chemo-
therapy. However, assessments at these time-points may not
necessarily capture clinically important effects, as acute side
effects of the previous cycle may no longer be present.

Only few studies have investigated the importance of
timing of HRQoL assessments during chemotherapy.
Retrospective analyses of clinical trial data have shown
that the exact assessment time relative to chemotherapy
administration may result in statistical and potentially clinic-
ally significant differences in several HRQoL domains [5].
Prospective studies have found that the acute effects on
HRQoL due to treatment toxicity are most severe in the first
week following each course of treatment. However, these
studies used simplified HRQoL instruments, such as diary
cards where patients score intensity of selected symptoms
[6,7], or included patients with a mixture of cancer types and
chemotherapy regimens [8].
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Several previous trials comparing chemotherapy regimens
in advanced NSCLC had failed to show differences in HRQoL,
despite significant differences in objectively measured tox-
icity and a clinical impression that some regimens were bet-
ter tolerated than others [9–11]. Based on these experiences,
we hypothesized that the timing of HRQoL assessments
might influence the chances of detecting differences in
HRQoL provided by different chemotherapy regimens. To
explore this hypothesis, we conducted an exploratory, pro-
spective, randomized clinical trial of patients with advanced
NSCLC eligible for palliative chemotherapy. The primary aim
was to assess whether there were variations of HRQoL scores
during chemotherapy cycles. The secondary aim was to
investigate whether differences in HRQoL scores varied at
selected time-points between patients allocated to two dif-
ferent chemotherapy regimens.

Material and methods

Design and approval

The study was designed as an open, randomized single-cen-
ter study and was approved by the Regional Committee for
Medical and Health Research Ethics, Central Norway and NSD
– Norwegian Center for Research Data.

Eligibility criteria and randomization

Eligible patients had NSCLC stage IIIB or IV not eligible for
curative treatment, WHO performance status (PS) 0–2, no
prior chemotherapy and adequate bone marrow, liver and
renal function for receiving chemotherapy. After signing the
informed consent form and completing the baseline HRQoL,
patients were randomized to receive vinorelbine plus carbo-
platin (VC) or gemcitabine plus carboplatin (GC).
Randomization was stratified by performance status (0–1 vs.
2), sex (male vs. female) and symptomatic brain metastases
(present vs. not present).

Chemotherapy

Platinum-doublet regimens are recommended as first-line
chemotherapy in advanced NSCLC. In the current study, car-
boplatin was combined with either vinorelbine or gemcita-
bine. In a trial comparing these regimens, there were no
significant differences in survival or HRQoL, but more hema-
tological toxicity from the gemcitabine regimen [11]. All
patients were to receive three courses of chemotherapy in 3-
week cycles. Carboplatin (AUC¼5, Calvert0s formula) was
administered on day 1, and vinorelbine 25mg/m2 (VC) or
gemcitabine 1000mg/m2 (GC) on days 1 and 8. Patients who
were 75 years and above had a 25% dose reduction of both
compounds from the first course.

All patients received prophylactic antiemetic therapy with
glucocorticoids and a 5-HT-3-antagonist on days 1 and 8.
Other antiemetics were allowed. Blood counts were per-
formed before each treatment. In case of severe hemato-
logical toxicity, protocol-specified dose reductions were

performed and maintained for subsequent cycles. The study
treatment was discontinued in the event of disease progres-
sion, unacceptable toxicity or at the patient’s request.

Assessments

Patients were examined and underwent laboratory testing
before each cycle of chemotherapy. Health-related quality of
life (HRQoL) was assessed using the European Organization
for Treatment of Cancer (EORTC) Quality of Life
Questionnaire-Core 30 (QLQ-C30) and the lung cancer-spe-
cific module LC13 [12,13]. The EORTC questionnaires are
among the most frequently used HRQoL instruments in can-
cer trials, and the psychometric properties have been exten-
sively evaluated [1,14]. QLQ-C30 evaluates five functions
(physical, role, cognitive, emotional and social), nine symp-
toms (fatigue, pain, nausea and vomiting, dyspnea, loss of
appetite, insomnia, constipation, diarrhea and financial diffi-
culties) and global health status. The LC13 questionnaire
measures symptoms commonly associated with lung cancer
and its treatment (dyspnea, coughing, hemoptysis, sore
mouth, dysphagia, peripheral neuropathy, alopecia, pain in
chest, pain in arm or shoulder and pain in other parts).

HRQoL questionnaires (on paper) were completed on days
1, 4, 8, 11 and 15 of every 3-week cycle of chemotherapy. On
days 1, 8 and 15 of each cycle, the questionnaires were com-
pleted at the hospital when the patients came for infusion of
chemotherapy (days 1 and 8) or blood tests (day 15).
Patients completed the questionnaires on days 4 and 11 at
home. The questionnaires were handed to the patients at
the hospital visits on days 1 and 8 along with instructions on
when to complete the questionnaires. The questionnaires
were returned at the next hospital appointment. To avoid
overlapping assessment intervals, the recall period on the
questionnaires was changed from ‘the last week’ to ‘the last
three days’. Since the primary interest in this study was the
variation of HRQoL during a cycle of chemotherapy, the
HRQoL assessments were only performed as long as the
patients received chemotherapy.

Statistical considerations

Primary endpoint was to assess the intra-cycle variation in
HRQoL scores during chemotherapy. Secondary endpoint
was to assess the differences in HRQoL scores between
treatment arms at selected time-points in the treatment
cycle. The primary HRQoL outcomes were defined as global
health status, nausea/vomiting, fatigue and dyspnea (LC13),
since these were defined as the clinically most relevant in
previous studies comparing first-line regimens in advanced
NSCLC [9–11]. Global health status gives information on the
patient0s overall health status, dyspnea and fatigue are fre-
quent symptoms in lung cancer, and fatigue and nausea/
vomiting are common side effects of chemotherapy. In add-
ition, as exploratory analyses, we reported changes in the
other HRQoL scales. The objective of the study was to dem-
onstrate ‘proof of principle’ rather than conduct a fully
powered HRQoL comparison of the two treatment regimens.

738 A. KRISTENSEN ET AL.



Since no similar studies had been conducted, there were no
data available for a sample size calculation. We estimated
that 25 patients in each treatment group would be suffi-
cient to provide an indication of whether there were clinic-
ally relevant variations in HRQoL scores during
chemotherapy cycles.

All domain scores of QLQ-C30 and LC13 were linearly
transformed into a scale from 0 to 100 according to the
EORTC QLQ-C30 scoring manual [15]. A high score in global
health status or a functional scale represent good health sta-
tus or high level of functioning, while a high symptom scale
score represents more symptoms. A mean change of 5–10
points has been reported to correspond to ‘a little change’, a
change of 10–20 points to ‘a moderate change’ and a change
of more than 20 points to ‘a large change’ [16].

The primary analysis was to compare mean HRQoL scores
of reported values at each time-point. To explore potential
differences in HRQoL scores over time between the two
treatment arms, we also applied a linear mixed model for
longitudinal analyses. The baseline scores, treatment arm,
time (as a categorical variable) and treatment-by-time inter-
action were included as fixed effects. The model included a
random intercept at patient level, and employed a first-order
autoregressive covariance structure. The purpose of the anal-
yses was to estimate effect sizes and p values or confidence
intervals were not reported. Sensitivity analyses were per-
formed including only questionnaires completed as sched-
uled (plus/minus one day). For all analyses, we used Stata
version 13.1 (College Station, TX, USA).

Results

Characteristics of the patients

Between September 2009 and May 2012, 52 patients were
randomized to receive VC (n¼ 25) or GC (n¼ 27). The study
arms were well balanced with respect to demographic and
clinical characteristics (Table 1). Forty-one patients completed
all three cycles (VC: 68%, GC: 89%). The mean number of
cycles was 2.6 in the VC arm and 2.9 in the GC arm.

HRQoL completion rates

The patients completed 693 of the 756 HRQoL questionnaires
(92%) during the three cycles of chemotherapy. Compliance
was highest at the start of each cycle (94% to 100%), and
decreased during each cycle period (Table 2). The completion
rate was lower at days 1, 15 and 22 in cycle 3 in the VC
group (VC: 65%, GC: 96%). Otherwise, the completion rates
were comparable in the two groups. Overall, 620 question-
naires (88%) were completed as scheduled (plus/minus one
day). The assessments deviating from the planned schedule
were mainly (68%) due to delayed administration of chemo-
therapy on day 8 in cycle 2 or 3, which lead to a delayed
completion of questionnaires on days 8, 11 and 15 in the
same cycle.

Variation of HRQoL during chemotherapy

Figure 1 shows the variation in raw mean scores for primary
HRQoL scales during the three cycles of chemotherapy. In
cycle 1, global health status decreased after the first day of
chemotherapy, with the lowest score registered at day 4 (5.4
points decrease from day 1). Nausea/vomiting and fatigue
symptoms peaked around day 4 (10.1 and 8.0 points increase
from day 1, respectively). In all these scales, scores were
worse during the first week following treatment and resolved
before the next cycle. The same patterns were observed in
the second and third treatment cycle, although the changes
were smaller. The severity of dyspnea (LC13) decreased grad-
ually during the first cycle, but this pattern did not reproduce
in the second and third treatment cycle. Overall, the mean
score for dyspnea (LC13) was not related to time-point in the
chemotherapy cycle. The plots of the scores of only the ques-
tionnaires completed on schedule (plus/minus one day)
showed similar results (data not shown).

In the remaining HRQoL scales, the following showed a
consistent pattern of repetitive intra-cycle changes: appetite
loss (highest symptom score at day 4 and 8), constipation

Table 1. Patient characteristics at baseline and chemotherapy completion.

Characteristic

Vinorelbine
plus Carboplatin

(N¼ 25)

Gemcitabine
plus Carboplatin

(N¼ 27)
Total

(N¼ 52)

Age – years
Median 63 65 63.5
Range 52–84 50–87 50–87

Sex – no. (%)
Male 13 (52) 16 (59) 29 (56)
Female 12 (48) 11 (41) 23 (44)

Performance status – no. (%)
0 3 (12) 3 (11) 6 (11)
1 21 (84) 21 (78) 42 (81)
2 1 (4) 3 (11) 4 (8)

Stage – no. (%)
IIIB 5 (20) 3 (11) 8 (15)
IV 20 (80) 24 (89) 44 (85)

Chemotherapy completion – no. (%)
1st cycle 25 (100) 27 (100) 52 (100)
2nd cycle 23 (92) 27 (100) 50 (96)
3rd cycle 17 (68) 24 (89) 41 (79)

Mean no. of cycles 2.6 2.9 2.8

Table 2. Completion rates of HRQoL questionnaires.

Assessment
time

Vinorelbine plus
Carboplatin
(N¼ 25)

Gemcitabine plus
Carboplatin
(N¼ 27) Total (N¼ 52)

Cycle 1 – HRQoL completed/1st cycle of chemotherapy completed (%)
Day 1 N¼ 25/25 (100) N¼ 26/27 (96) N¼ 51/52 (98)
Day 4 N¼ 25/25 (100) N¼ 27/27 (100) N¼ 52/52 (100)
Day 8 N¼ 24/25 (96) N¼ 25/27 (93) N¼ 49/52 (94)
Day 11 N¼ 23/25 (92) N¼ 25/27 (93) N¼ 48/52 (94)
Day 15 N¼ 23/25 (92) N¼ 25/27 (93) N¼ 48/52 (92)

Cycle 2 – HRQoL completed/2nd cycle of chemotherapy completed (%)
Day 1 N¼ 23/23 (100) N¼ 27/27 (100) N¼ 50/50 (100)
Day 4 N¼ 21/23 (91) N¼ 25/27 (93) N¼ 46/50 (92)
Day 8 N¼ 20/23 (87) N¼ 24/27 (89) N¼ 44/50 (88)
Day 11 N¼ 19/23 (83) N¼ 23/27 (85) N¼ 42/50 (84)
Day 15 N¼ 19/23 (83) N¼ 23/27 (85) N¼ 42/50 (84)

Cycle 3 – HRQoL completed/3rd cycle of chemotherapy completed (%)
Day 1 N¼ 16/17 (94) N¼ 24/24 (100) N¼ 40/41 (98)
Day 4 N¼ 16/17 (94) N¼ 24/24 (100) N¼ 40/41 (98)
Day 8 N¼ 15/17 (88) N¼ 24/24 (100) N¼ 39/41 (95)
Day 11 N¼ 11/17 (65) N¼ 23/24 (96) N¼ 34/41 (83)
Day 15 N¼ 11/17 (65) N¼ 23/24 (96) N¼ 34/41 (83)
Day 22 N¼ 11/17 (65) N¼ 23/24 (96) N¼ 34/41 (83)
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(highest symptom score day 4, 8 and 15) and insomnia (low-
est symptom score on day 11) (Figures 2 and 3).

Comparison of HRQoL between treatment arms

Figures 4 and 5 show the mean scores over time for primary
HRQoL scales by treatment arm. For each scale, there are
two plots: The raw mean scores and the estimated mean
scores from the linear mixed model. The raw profiles show
that the HRQoL scores at baseline were well balanced across
the two treatment groups with a difference in mean scores
of <5 points, except dyspnea (LC13) with a 7.8 points higher
mean score in the GC arm. For global health status, compari-
son of mean scores favored VC with the largest differences
found on day 11 (7.3, 7.2 and 16.4 points in cycle 1, 2 and 3,
respectively) and day 15 (4.6, 11.6 and 15.6 points in cycle 1,
2 and 3, respectively). For nausea/vomiting, the difference
between the treatment arms ranged from 5.6 points favoring
VC to 14.0 points favoring GC. The largest differences were
seen at day 4, when patients in the VC arm had more nau-
sea/vomiting (mean difference 8.3, 14.0 and 5.2 points in
cycle 1, 2 and 3, respectively). In the fatigue scale, the differ-
ences ranged from 4.2 points favoring GC to 7.6 points favor-
ing VC, but there was no repetitive pattern of cycle-specific
differences. In the dyspnea (LC13) scale, the baseline

difference between the treatment arms depicted in the raw
score plot, decreased during the treatment period.

The same patterns of differences in global health status
and nausea/vomiting were observed in plots of estimated
means from the linear mixed model. Especially in cycle 3,
the difference between the treatment arms was smaller
(Figure 4). Sensitivity analyses including only the question-
naires completed on the scheduled dates plus/minus one
day gave similar results and conclusions (data not shown).

Discussion

The results of the current study elucidate several issues con-
cerning timing of HRQoL assessments in cancer trials. First,
frequent assessments using a comprehensive HRQoL instru-
ment are feasible, even in a population of advanced cancer
patients. It has been suggested that a completion rate
greater than 80% is acceptable [17]. The overall completion
rate in this study was 92%, and higher than 80% at all time-
points except the last assessments in cycle 3 in the VC arm.
Second, this study found a consistent pattern of variation in
several HRQoL scales during the chemotherapy cycles, indi-
cating that the scores are influenced by the timing of meas-
urements relative to treatment. The variation in HRQoL was
most pronounced during cycle one. This might be explained
by more symptomatic treatment or dose reductions in cycle
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Figure 1. Mean raw scores of primary HRQoL scales over time (all patients).
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2 and 3 in those patients who experienced most toxicity, or
even discontinuation of chemotherapy (11 of the 52 patients
did not complete three cycles of chemotherapy). There was,
however, a pattern of transient worsening also in cycles 2
and 3. Third, the timing of assessments can potentially influ-
ence comparison of treatments, since differences in some
HRQoL scales varied during the chemotherapy cycles.

The first studies to examine variation of HRQoL during
treatment used short and simple questionnaires. In the
1980s, the UK Medical Research Council designed a diary
card for daily quality of life assessment in cancer clinical trials
[6]. It was decided that five or six questions would be the
maximum that could reasonably be asked on a daily basis.
Results from several clinical trials using such diary cards dem-
onstrated transient changes in HRQoL occurring during can-
cer therapy. Often, these changes disappeared by the time of
the next clinic attendance and tended not to be recorded on
the clinicians� assessment [6,18]. More recently, an Austrian
study used the EORTC QLQ-C30 to assess HRQoL at the day
of chemotherapy administration, one week later and (for
some patients) two weeks later [8]. Fifty-four patients were
included with a wide variety of diagnoses, treated with vari-
ous chemotherapy regimens with curative, adjuvant or pallia-
tive intent. The study found increased symptom burden one
week after chemotherapy administration in 9 of the 15

domains of the EORTC QLQ-C30, with the largest differences
in fatigue, constipation and appetite loss. We consider these
results to be well in line with the findings in our study,
which, to our knowledge, is the largest cancer study that has
measured HRQoL this frequently using a comprehensive
questionnaire.

The main limitation of the current study is the small sam-
ple size, though we believe that the number of patients was
sufficient for an exploratory study. Although we consider
completion rates to be high, there was more missing data
towards the end of each cycle. In the VC arm, fewer patients
received three cycles of chemotherapy and the completion
rates were lower at the last assessments. The reason for the
lower completion rate is unknown, since the study was not
designed to assess reasons for non-completion of the ques-
tionnaires. Other studies have shown that patients with a
poor health status may be less likely to complete HRQoL
questionnaires, which might influence the results [19]. There
is no standard method for dealing with missing values in
HRQoL analyses, but approaches such as linear mixed model-
ing may provide more robust estimates of treatment effects.
For explorative purposes, we used a shorter recall period of
the EORTC questionnaires than in the validated versions
(three instead of seven days). Failure to complete all ques-
tionnaires as scheduled might have influenced the results.
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Figure 3. Mean raw scores of remaining HRQoL scales of EORTC LC13 over time (all patients).
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However, 88% of questionnaires were completed according
to schedule (plus/minus one day), and sensitivity analyses of
only the questionnaires completed on schedule showed simi-
lar results as the primary analyses.

Strengths of the study are the homogenous patient sam-
ple, rigorous data collection throughout the study period
and high completion rates of questionnaires. Baseline HRQoL
scores were comparable to former trials of first-line chemo-
therapy in advanced NSCLC [9–11], and the chemotherapy
regimens administered are established treatment options.

In a systematic review of HRQoL reporting in randomized
controlled trials in NSCLC, more than half of the trials
revealed significant differences in HRQoL scores [1]. However,
in several of these trials, there was not a consistent pattern
of HRQoL benefit for any regimen. Thus, it has been ques-
tioned whether HRQoL data constitute enough evidence to
make treatment recommendations [2]. Forty-five trials in the
systematic review reported details about the timing of
assessments relative to chemotherapy administration [1]. In
most of these trials, HRQoL was assessed at the end of a
chemotherapy cycle or immediately before the start of the
next cycle, or at fixed time-points corresponding to cycle
length, but regardless of modifications of the treatment
schedule. Only four trials (9%) measured HRQoL at several
time-points in the chemotherapy cycles, either with weekly

assessments [20,21] or with an assessment at day 8 in cycle 1
in addition to assessments at the end of each 3-week cycle
[22,23]. Compared to the end of cycle assessments, scores in
week one assessments were worse in several symptoms and
with more pronounced differences between treatment arms.
Thus, suboptimal timing of HRQoL assessments and too few
measurements might be the reason for the relatively little
impact of HRQoL studies on treatment recommendations in
cancer care.

Taking the timing of measurements into account can
improve the understanding of benefits and toxicity of thera-
pies, highlight time-dependent differences and result in more
correct and balanced conclusions about treatment effects.
The current study compared two regimens with similar
schedules and carboplatin doses, found to be equally effect-
ive and tolerable in a previous study [11]. When assessing
HRQoL repeatedly in the present study, we found that
patients in the VC arm tended to have better mean scores
for global health status during the last part of chemotherapy
cycles, but worse scores for nausea/vomiting in the first week
following treatment. This illustrates the need for clinical trials
not only to select the outcomes of interest, but also the
appropriate time to measure them. Due to different toxicities
and schedules of the drug(s) in use, HRQoL profiles during
treatment might be specific for each regimen. Ideally,

Cycle 1 Cycle 2 Cycle 3
45

50

55

60

65

M
ea

n 
sc

or
e

1 8 15 1 8 15 1 8 15 22
Time (days)

VC GC

(A) Global health status, raw scores

Cycle 1 Cycle 2 Cycle 3
0

5

10

15

20

M
ea

n 
sc

or
e

1 8 15 1 8 15 1 8 15 22
Time (days)

VC GC

(B) Nausea/vomiting, raw scores

Cycle 1 Cycle 2 Cycle 3
45

50

55

60

65

M
ea

n 
sc

or
e

1 8 15 1 8 15 1 8 15 22
Time (days)

VC GC

(C) Global health status, mixed model estimates

Cycle 1 Cycle 2 Cycle 3
0

5

10

15

20

M
ea

n 
sc

or
e

1 8 15 1 8 15 1 8 15 22
Time (days)

VC GC

(D) Nausea/vomiting, mixed model estimates

Figure 4. Mean raw scores and linear mixed model estimates for global health status and nausea/vomiting scales over time (by treatment arm). VC: vinorelbi-
neþ carboplatin; GC: gemcitabineþ carboplatin.
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when the HRQoL trajectory is unknown, frequent assess-
ments in a small number of patients should be considered
for all regimens before embarking on a larger, comparative,
intervention study.

Conclusion

In conclusion, the timing of HRQoL assessment during
chemotherapy may affect HRQoL scores and potentially influ-
ence the chances of detecting HRQoL differences between
treatment regimens. Assessment schedules based on the
symptom trajectory can improve validity of trials, by provid-
ing more accurate information about the HRQoL experienced
by the patients. In the clinical context, increased understand-
ing of patients’ symptom burden during chemotherapy
cycles may help improve supportive care and thus the deliv-
erance of anticancer treatment.
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