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Abstract
Background Palliative chemotherapy in patients with
nonresectable advanced colorectal carcinoma is performed to
prolong survival, alleviate tumor-associated symptoms, and
maintain or improve health-related quality of life (HRQOL).
In this prospective single-center observational study, we
assessed HRQOL across the various lines of palliative
chemotherapy.
Methods HRQOL data were acquired using the EORTC
Quality of Life Questionnaire-C30 (QLQ-C30) questionnaire.
The first assessment was performed at the beginning of each
chemotherapy line, the second after three cycles, and the third
at the end of chemotherapy. Further assessments were con-
ducted during checkups every 3 months in our outpatient unit.

Results In total, 100 consecutive patients with colorectal car-
cinoma (mean age 66.4 years; 60 % men) treated with pallia-
tive chemotherapy were recruited. Generally, QOL deteriorat-
ed constantly across time. Physical functioning, fatigue, pain,
dyspnea, and appetite worsened steadily from first-line che-
motherapy to the later treatment phase. Global QOL, emotion-
al functioning, and role functioning improved slightly after the
end of first-line chemotherapy, deteriorated during second-
line chemotherapy to the level of first-line chemotherapy,
and further deteriorated in the later treatment phases. In addi-
tional analyses, we found the largest differences between pa-
tients with and without a treatment response for pain (19.0 vs.
37.2 points) and appetite loss (17.4 vs. 32.7 points).
Conclusion The individual QOL domains deteriorated con-
stantly across time. Our data indicate that patients undergoing
first- and second-line palliative chemotherapy experience sta-
bilization of global QOL and psychosocial symptoms. We
also found that unselected patients who achieved a treatment
response had a lower symptom burden and better QOL than
did patients with progressive disease.

Keywords Advanced colorectal cancer . Quality of life .

Palliative chemotherapy . Electronic patient-reported outcome
monitoring

Background

Colorectal cancer (CRC) is the third most common cause of
cancer death in both men and women in Europe and the USA.
The aims of chemotherapy in patients with nonresectable ad-
vanced CRC are to prolong survival, control symptoms, and
maintain or improve quality of life (QOL) [1].

The median overall survival for patients with unresectable
advanced CRC who receive best supportive care alone is
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approximately 5 to 6 months. Systemic chemotherapy pro-
duces meaningful improvements in median survival and
progression-free survival [2].

For many decades, 5-fluorouracil was the main active
agent in the treatment of CRC, providing a median sur-
vival of about 1 year [3]. This has changed markedly
since the year 2000. With the approval of irinotecan and
oxaliplatin in combination with 5-fluorouracil, the medi-
an overall survival has increased to 19 months [4, 5].
The number of therapeutic options for CRC further in-
creased with the addition of several humanized mono-
clonal antibodies to vascular endothelial growth factor
and epidermal growth factor, and the median survival
for patients with metastatic disease is now approximate-
ly 24 months [6–8].

In addition to delaying disease progression, maintenance of
health-related QOL (HRQOL) is a particularly important aim
of treatment in patients with metastatic disease [1]. HRQOL
can be formally defined as Bthe extent to which one’s usual or
expected physical, emotional, and social well-being are affect-
ed by a medical condition and its treatment^ [9]. This defini-
tion incorporates the two widely accepted aspects of QOL:
subjectivity and multidimensionality [10].

In previous randomized trials, HRQOL measurement was
performed at baseline and at determined intervals during ad-
ministration of a specific palliative chemotherapy line [11,
12]. Knowledge of the longitudinal course of QOL across
different chemotherapy lines is almost completely lacking.
Thus, the objective of our study was to analyze and compare
patient-reported HRQOL measured by repeated computer-
assisted completion of validated questionnaires in patients
with nonresectable advanced CRC while they underwent
treatment with several palliative chemotherapy lines.

Patients and methods

Sample

Patients were consecutively included in the study upon
starting a palliative chemotherapy line according to standard
guidelines [1, 13]. The inclusion criteria were a diagnosis of
metastatic CRC, starting palliative chemotherapy, no overt
cognitive impairment, age of >18 years, and written informed
consent. The first assessment was performed at the beginning
of chemotherapy, the second after three cycles, and the third at
the end of chemotherapy (after six cycles). Response was
assessed using interval radiographic evaluation (every
3 months). Radiographic tumor response was quantified using
Response Evaluation Criteria in Solid Tumors (RECIST) [14].
Further interviews were conducted during checkups every
3 months in our clinic and when another chemotherapy line
was started for treatment of progressive disease. QOL

assessments continued until the patient died or was unable to
complete the questionnaire or at a maximum of 3 years after
inclusion in the study.

QOL data collection

QOL was assessed with the European Organization for Re-
search and Treatment of Cancer Quali ty of Life
Questionnaire-C30 (QLQ-C30), an internationally validated
and widely used cancer-specific QOL questionnaire [15]. This
questionnaire is the most frequently used instrument for as-
sessment of HRQOL in patients with CRC. It comprises five
functioning scales (physical, role, cognitive, emotional, and
social functioning), three symptom scales (fatigue, pain, and
nausea and vomiting), a global QOL scale, and six single
items that assess additional problems commonly reported by
patients with cancer (dyspnea, appetite loss, sleep disturbance,
constipation, diarrhea, and financial difficulties). We adminis-
tered only the QLQ-C30 and not the additional CRC module,
the QLQ-CR29, to limit patient burden introduced by ques-
tionnaire length and repeated assessments.

Differences in QOL scores of >20, 10 to 20, and 5 to
10 points were considered large, moderate, and small,
respectively [16]. To facilitate both data collection and
analysis, QOL data capture was performed electronically
using tablet PCs running Computer-based Health Evalu-
ation System software [17]. A study nurse gave these
tablet PCs to patients and asked them to complete the
QLQ-C30. The study nurse provided further information
and assistance to patients with questions or concerns.
Assessments took place in the patients’ rooms during
their inpatient or day clinic stay for computed tomogra-
phy evaluation.

Clinical and sociodemographic data were collected
from the hospital records and entered in the Computer-
based Health Evaluation System database to match
patient-reported outcome data. This study was approved
by the ethics committee of the state medical board of
Upper Austria.

Statistical analysis

Analysis of differences in QOL among different chemothera-
py lines was performed with linear mixedmodels. Themodels
comprised the chemotherapy line as the fixed effect and the
QOL scores as dependent variables. All chemotherapy lines
beyond the second line were collapsed to a category labeled
Bthird+ line.^ The variables were divided into separate cate-
gories for the period of chemotherapy administration and the
period during which patients received no active anticancer
treatment (intervals between chemotherapy administrations).
Additionally, the model employed a first-order autoregressive
covariance structure and a random intercept at the patient
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level. We conducted an additional analysis of the association
between QOL and response to treatment. Because the chemo-
therapy line was strongly associated with treatment response,
we did not include both variables in the same model; instead,
we performed another analysis using the same model de-
scribed above, but with treatment response instead of chemo-
therapy as the fixed effect.

Results

Patient characteristics

In total, 100 consecutive patients with nonresectable advanced
CRC were recruited at the Department of Internal Medicine,
Hospital Wels-Grieskirchen, Austria from February 2007 to
September 2011 and assessed for a maximum of 3 years. Sixty
percent of the patients were men, and the mean patient age
was 66.4 years (standard deviation 10.6). At the time of re-
cruitment, 73 patients were starting first-line palliative chemo-
therapy and 27 patients were at the start of the second-line
chemotherapy. Further details are provided in Table 1.

Twenty-five percent of the patients died during the first
year after study inclusion, 29 % died during the second year,
and 26 % died during the third year. The median survival time
after study inclusion was 21.8 months (95 % confidence in-
terval 15.6–28.0).

The questionnaire completion rates ranged from 65 to
100 % for assessment time points during the first year after
study inclusion. For time points during the second year, the
completion rate was between 61 and 70 %, and during the
third year, between 45 and 71 %. These percentages refer to
the total number of patients alive in that period.

Comparison of QOL across chemotherapy lines

The main focus of our analysis was determination of the tra-
jectories of the individual QOL domains covered by the QLQ-
C30 across the various lines of palliative chemotherapy. In
general, QOL deteriorated constantly across time. Constipa-
tion, financial impact, and taste alterations were the only do-
mains that did not significantly change over time.

Physical functioning, fatigue, pain, dyspnea, and appetite
loss worsened more or less steadily from first-line chemother-
apy to the later treatment phases; however, physical function-
ing was similar in the off-treatment period following first-line
chemotherapy (70.5 points) and second-line chemotherapy
(71.1 points). Additionally, fatigue and pain had nearly the
same levels during and after first-line chemotherapy.

Global QOL, emotional functioning, and role functioning
improved by about 5 points after the end of first-line chemo-
therapy, deteriorated during second-line chemotherapy to the
level of first-line chemotherapy, and further deteriorated in the

later treatment phases. Role functioning deteriorated from
56.7 to 47.8 points immediately after second-line chemother-
apy, whereas global QOL and emotional functioning did not
decrease until third-line chemotherapy.

Social functioning was similar during and after first-line
chemotherapy at 74.8 and 75.1 points, respectively; it stabi-
lized at 64.9 to 68.6 points between second-line chemotherapy
and later chemotherapy lines, and showed the most severe
impairment at 57.9 points during the off-treatment phases of
the third+ chemotherapy lines.

Sleep disturbances remained rather stable at 26.9 to
30.0 points during and after the first two chemotherapy
lines and worsened to 35.4 to 44.2 points during and
after the third+ chemotherapy lines.

Diarrhea was generally worse during treatment and less
severe in the periods between two chemotherapy lines. The
average diarrhea score was 29.2 points during third+ chemo-
therapy; this substantially exceeded the scores during first-line
(21.7 points) and second-line (18.8 points) chemotherapy.
Further details are shown in Tables 2 and 3 and Figs. 1 and 2.

In a further analysis, we investigated the impact of response
to treatment according to RECIST (progressive disease vs.

Table 1 Patient characteristics (n = 100)

Age Mean (SD) 66.4 (10.6)

Range 37–85

Sex, n (%) Men 60 (60.0)

Women 40 (40.0)

Chemotherapy
line (n)

First-line palliative 73

Post first-line (off-treatment) 38

Second-line palliative 63

Post second-line (off-treatment) 27

Third-line or more palliative 47

Post third-line (off-treatment) 22

Chemotherapy
regimen (%)a

First-line palliative

FU/FA/oxaliplatin 16.7

FU/leucovorin 15.3

FU/FA/irinotecan/panitumumab 15.3

FU/FA/oxaliplatin/bevacizumab 12.5

Second-line palliative

FU/FA/irinotecan 18.3

Panitumumab 15.0

FU/FA/irinotecan/cetuximab 11.7

FU/FA/oxaliplatin/bevacizumab 10.0

Third-line or more palliative

Panitumumab 17.6

FU/FA/bevacizumab 17.6

FU/FA/oxaliplatin 12.2

FU/FA/oxaliplatin/bevacizumab 9.5

a Percentages are based on the number of the patients in the respective
chemotherapy line
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[partial] remission or stable disease) on the various
QOL domains. We found that response (partial remis-
sion or stable disease) to treatment became significantly
less frequent as the number of chemotherapy lines in-
creased (p < 0.001). During first-line chemotherapy, on-
ly 18.7 % of the staging examinations indicated pro-
gressive disease, whereas this proportion substantially

increased during second-line (44.4 %) and third+ che-
motherapy lines (62.5 %).

As expected, all differences were in favor of a response to
treatment. The largest differences between patients with and
without a treatment response were found for pain (19.0 vs.
37.2 points; difference 18.2 points) and appetite loss (17.4
vs. 32.7 points; difference 15.3 points). The other statistically

Table 2 EORTC QLQ-C30 functioning trajectories across chemotherapy lines (means and 95 % confidence intervals)

EORTC QLQ-C30 Treatment phase p valuea

First line Post First line Second line Post second line ≥third line Post ≥third line
N = 73 N = 38 N = 63 N = 27 N = 47 N = 22

Physical functioning 76.0 70.5 71.1 65.2 62.5 53.2 <0.001
(71.2–80.8) (64.7–76.3) (65.9–76.2) (58.3–72.0) (57.1–68.0) (45.9–60.5)

Role functioning 58.8 63.6 56.7 47.8 50.5 38.8 0.001
(52.7–65.0) (55.9–71.3) (49.9–63.5) (38.6–57.0) (43.5–57.6) (29.0–48.7)

Social functioning 74.8 75.1 68.6 65.4 64.9 57.9 0.002
(69.4–80.1) (68.2–81.9) (62.6–74.6) (57.3–73.6) (58.7–71.1) (49.2–66.6)

Emotional functioning 71.1 77.0 71.0 70.3 66.0 55.8 <0.001
(66.4–75.7) (71.2–82.8) (65.9–76.1) (63.4–77.2) (60.7–71.4) (48.4–63.1)

Cognitive functioning 84.9 80.9 81.1 75.9 79.0 70.2 0.002
(80.4–89.3) (75.4–86.4) (76.3–86.0) (69.4–82.4) (73.9–84.1) (63.3–77.1)

Global quality of life 61.6 65.3 59.0 57.3 50.0 44.2 <0.001
(57.7–65.4) (60.4–70.3) (54.7–63.3) (51.3–63.3) (45.5–54.4) (37.7–50.6)

a p value refers to the overall change over time

Table 3 EORTC QLQ-C30 symptom trajectories across chemotherapy lines (means and 95 % confidence intervals)

EORTC QLQ-C30 Treatment phase p valuea

First line Post first line Second line Post second line ≥third line Post ≥third line

Fatigue 40.0 39.1 46.1 49.6 53.7 61.5 <0.001
(34.4–45.6) (32.2–46.1) (40.0–52.3) (41.3–57.8) (47.3–60.1) (52.7–70.3)

Nausea/vomiting 7.0 4.2 10.0 8.4 14.7 16.1 0.002
(3.7–10.3) (0.0–8.6) (6.1–13.9) (3.0–13.9) (10.8–18.6) (10.2–22.1)

Pain 20.6 24.9 26.8 37.5 35.8 47.5 <0.001
(14.8–26.3) (17.5–32.3) (20.3–33.2) (28.7–46.4) (29.1–42.4) (38.0–57.0)

Dyspnea 20.3 21.3 30.8 32.0 36.4 43.2 <0.001
(14.4–26.2) (13.8–28.7) (24.2–37.3) (23.1–40.9) (29.6–43.2) (33.7–52.7)

Sleep disturbances 28.9 30.0 29.3 26.9 35.4 44.2 0.029
(22.8–34.9) (22.4–37.6) (22.6–36.0) (17.9–35.9) (28.5–42.3) (34.7–53.8)

Appetite loss 20.0 17.6 25.8 29.8 35.0 48.0 <0.001
(13.7–26.3) (9.6–25.5) (18.9–32.8) (20.2–39.4) (27.7–42.3) (37.7–58.3)

Constipation 19.4 15.2 21.8 26.7 18.6 21.7 0.269
(13.9–24.9) (8.3–22.1) (15.7–27.9) (18.4–35.1) (12.2–24.9) (12.8–30.7)

Diarrhea 21.7 15.8 18.8 14.0 29.2 14.1 0.004
(16.3–27.0) (8.7–22.9) (12.6–25.0) (5.3–22.8) (22.9–35.4) (4.5–23.6)

Financial impact 8.1 11.1 10.2 12.4 12.9 13.5 0.348
(3.8–12.3) (5.9–16.4) (5.5–14.8) (6.3–18.5) (8.1–17.8) (7.1–20.0)

Taste alterationsb 17.9 16.5 23.4 17.3 25.4 27.0 0.107
(12.7–23.0) (9.8–23.1) (17.6–29.2) (9.2–25.4) (19.5–31.3) (18.2–35.8)

a p value refers to the overall change over time
bAdditional scale calculated from two items from the EORTC item bank
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significant differences were <10 points: global QOL 9.2
points, fatigue 8.1 points, social functioning 7.9 points, phys-
ical functioning 7.7 points, dyspnea 6.4 points, role function-
ing 6.2 points, sleep disturbances 5.8 points, emotional func-
tioning 5.4 points, nausea/vomiting 5.0 points, and cognitive
functioning 3.7 points. Constipation, diarrhea, financial im-
pact, and taste alterations were not found to be significantly
associated with treatment response. None of the QOL scales
exhibited a statistically significant interaction between treat-
ment response and chemotherapy, which would have indicat-
ed a different association between treatment response and

QOL depending on the chemotherapy line. Further details
are given in Table 4.

Conclusion

This is the first study to evaluate QOL across chemo-
therapy lines in unselected patients with nonresectable
advanced CRC in clinical practice. Our data indicate
that patients undergoing first- and second-line palliative
chemotherapy experience stabilization of the global
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Fig. 1 Physical functioning
(blue), emotional functioning
(red), and global quality of life
(green) trajectories across
chemotherapy lines

0

10

20

30

40

50

60

70

80

90

100

1st Line post 1st 2nd Line post 2nd 3rd+ Line post 3rd+
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and appetite loss (green)
trajectories across chemotherapy
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QOL and psychosocial symptoms. Patients undergoing
first- and second-line palliative chemotherapy, but not
those undergoing third+ chemotherapy, showed stable QOL
trajectories. The latter patients reported a substantially higher
symptom burden. Similar results have been shown in a few
other studies of patients with lung, pancreas, and biliary
tract cancers [18–20]. Traditionally, objective end points
such as response and survival rates have been used to
evaluate the efficacy of chemotherapy in patients with
advanced CRC. In recent years, increasingly more trials
have incorporated HRQOL as a key end point. The
American Society of Clinical Oncology claims that pa-
tient outcomes (toxicity, survival, and HRQOL) are
more important than cancer outcomes (response rate
and duration) [21].

We also investigated the association between our
QOL data and the chemotherapy response, which was
defined as disease stabilization or better on computed
tomography scans every 3 months after starting chemo-
therapy. An improvement in nearly all QOL scales was
shown in patients who achieved disease stabilization.
The largest differences between patients with and with-
out a treatment response were found for pain and appe-
tite loss. Our data indicate that unselected patients who
undergo treatment with several lines of chemotherapy
and achieve a response to treatment benefit not only
with regard to survival, as suggested by previous studies
[22, 23], but also with regard to QOL.

Whereas the decrease in the number of patients across treat-
ment lines reflected the survival rate in each patient group, we

Table 4 EORTC QLQ-C30
scores and treatment response
(means and 95 % confidence
intervals)

EORTC QLQ-C30 Stable disease or (partial) remission Progressive disease

N = 248 N = 228

Physical functioning 72.3 64.6 <0.001
(67.9–76.7) (60.3–69.0)

Role functioning 56.9 50.7 0.013
(51.0–62.8) (44.9–56.5)

Social functioning 73.6 65.7 <0.001
(68.3–79.0) (60.4–71.1)

Emotional functioning 74.7 69.3 0.002
(70.6–78.8) (65.3–73.4)

Cognitive functioning 82.3 78.6 0.017
(78.4–86.9) (74.4–82.7)

Global quality of life 63.5 54.3 <0.001
(60.0–66.9) (50.1–57.7)

Fatigue 42.9 51.0 <0.001
(37.7–48.0) (45.9–56.0)

Nausea/vomiting 6.9 11.9 0.004
(4.0–9.9) (8.9–14.8)

Pain 19.0 37.2 <0.001
(13.7–24.2) (32.0–42.4)

Dyspnea 23.7 30.1 0.009
(18.0–29.3) (24.5–35.7)

Sleep disturbances 27.0 32.8 0.023
(21.1–32.9) (26.9–38.6)

Appetite loss 17.4 32.7 <0.001
(12.0–22.7) (27.5–38.0)

Constipation 17.0 19.9 0.198
(12.4–21.7) (15.3–24.5)

Diarrhea 22.6 18.5 0.132
(17.6–27.6) (13.6–23.5)

Financial impact 10.8 12.7 0.254
(6.3–15.3) (8.3–17.2)

Taste alterationsa 23.1 22.0 0.650
(18.3–27.9) (17.2–26.8)

N number of staging time points
a Additional scale calculated from two items from the EORTC item bank
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also found a decrease in the proportion of patients who sur-
vived and completed the questionnaires. This should to be
noted as a limitation of our study affecting in particular our
analysis of patients receiving three or more chemotherapy
lines.

HRQOL is an important factor to consider when
treating patients with cancer, especially those with met-
astatic disease. At the metastasis stage, it may be wiser
to allocate resources to improving patients’ HRQOL
rather than investing in expensive and burdensome on-
cological treatments [24].

One of the major problems associated with assessing QOL
during chemotherapy is the timing and frequency of the as-
sessment. The optimal frequency of assessment remains un-
clear; however, when too much time elapses between two
surveys, we cannot detect rapid and clinically important
changes in QOL. Approximately 70 % of patients in clinical
trials typically complete the baseline QOL measurements, but
compliance with follow-up assessments is lower and missing
data is a problem [25]. Compliance with QOL assessment in
clinical trials that involve regular support from research staff
may differ from that in clinical trials that involve routine QOL
data collection in practice (e.g., in a busy oncology clinic).
Collection of QOL data should become robust, inexpensive,
easy, and readily interpretable. The present study showed that
electronic questionnaire administration is a feasible way to
collect QOL data in daily clinical practice.

Based on our findings, we recommend to assess QOL
across the whole treatment trajectories and not just focus on
single chemotherapy lines. Routine evaluation of HRQOL
during administration of all chemotherapy lines would be op-
timal to obtain data for comparison of treatment options.
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