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BACKGROUND: Panitumumab in combination with chemotherapy was evaluated in two pivotal clinical trials in first- and second-line
treatment of metastatic colorectal cancer (mCRC), respectively. This analysis compared the health-related quality of life (HRQoL) of
patients with or without panitumumab in the two trials.
METHODS: Patients with mCRC were randomised to FOLFOX (first-line trial) or FOLFIRI (second-line trial)±panitumumab. The
EuroQoL 5-Dimensions Health State Index (EQ-5D HSI) and Visual Analogue Scale (EQ-5D VAS) were assessed at baseline and
monthly follow-up until disease progression. Patients with wild-type KRAS mCRC with baseline and post-baseline HRQoL scores
were included. Difference in change from baseline between treatment groups was evaluated using linear mixed and pattern-mixture
models.
RESULTS: In the first-line trial, 576 patients with wild-type KRAS mCRC (284 panitumumabþ FOLFOX4 and 292 FOLFOX4 alone)
were included in the HRQoL analyses. In the second-line trial, 530 patients with wild-type KRAS mCRC were included in these
analyses (263 panitumumabþ FOLFIRI and 267 FOLFIRI alone). There was no significant difference in the change in EQ-5D HSI and
VAS scores between treatment groups in either trial.
CONCLUSION: The addition of panitumumab to FOLFOX4 or FOLFIRI in first- or second-line treatment of wild-type KRAS mCRC
significantly improved progression-free survival without compromising HRQoL.
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Recent advances in the development of treatments for metastatic
colorectal cancer (mCRC) have led to improved outcomes in this
group of patients (Hurwitz et al, 2004; Amado et al, 2008;
Kabbinavar et al, 2008; Karapetis et al, 2008; Saltz et al, 2008;
Bokemeyer et al, 2009; Van Cutsem et al, 2009; Tebbutt et al,
2010). Panitumumab, a fully human monoclonal antibody (mAb)
targeting the epidermal growth factor receptor (EGFR), originally
demonstrated improved progression-free survival (PFS) in combi-
nation with best supportive care (BSC) vs BSC alone in patients
with wild-type KRAS chemorefractory mCRC (Amado et al, 2008).
Further evaluation of the role of panitumumab in patients with
wild-type KRAS mCRC has recently shown that its PFS benefits
extend to earlier lines of treatment when used in combination with
chemotherapy (Douillard et al, 2010; Peeters et al, 2010). In a
multicentre, randomised, phase III trial, the combination of
panitumumab and FOLFOX4 significantly increased PFS compared
with FOLFOX4 alone in the first-line treatment of patients with
wild-type KRAS mCRC (median PFS 9.6 vs 8.0 months; hazard

ratio (HR)¼ 0.80; 95% confidence interval (CI): 0.66–0.97;
P¼ 0.02) (Douillard et al, 2010). In another multicentre, rando-
mised, phase III trial, involving patients that had received one
prior systemic therapy, the combination of panitumumab and
FOLFIRI also significantly increased median PFS (5.9 vs 3.9
months; HR¼ 0.73; 95% CI: 0.59–0.90; P¼ 0.004) (Peeters et al,
2010) compared with FOLFIRI alone in patients with wild-type
KRAS mCRC. Furthermore, panitumumab in combination with
chemotherapy has consistently demonstrated a non-significant
trend toward improved overall survival (OS) in both first- and
second-line treatment of wild-type KRAS mCRC. Among first-line
patients, an increase of 4.2 months in median OS was observed
among patients receiving panitumumabþ FOLFOX4 over those
receiving FOLFOX4 alone (P¼ 0.072) (Douillard et al, 2010).
A 2-month increase in median OS was observed in second-line
patients treated with panitumumabþ FOLFIRI compared with
those treated with FOLFIRI alone (P¼ 0.12) (Peeters et al, 2010).
Data from both phase III trials were analysed by KRAS status
prospectively with 490% ascertainment.

In metastatic disease, in addition to delaying disease progres-
sion, maintenance of health-related quality of life (HRQoL) – a
measure of how a disease or its treatment affects a persons’
physical, emotional and social well-being (Cella, 1995) – is a
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particularly important aim of treatment (Van Cutsem et al, 2010).
Panitumumab is associated with a well-defined adverse event
profile (in particular, dermatologic toxicities, a characteristic side
effect of EGFR inhibitors (Agero et al, 2006)), and it is important
to understand how the impact of such toxicities weigh against the
benefits of the drug. The EuroQoL 5-Dimensions (EQ-5D) is a
validated, standardised and widely used instrument that can be
used to measure HRQoL (Dolan, 1997). The evaluation of changes
in HRQoL using the EQ-5D was a tertiary objective in both the
first- and second-line phase III clinical trials of panitumumab.
The aims of the current analysis were to evaluate the impact of the
addition of panitumumab to FOLFOX4 or FOLFIRI treatment on
HRQoL in the aforementioned first- and second-line studies
(Douillard et al, 2010; Peeters et al, 2010). As panitumumab
treatment has an increased risk of skin toxicity, a common adverse
event with anti-EGFR agents, we also sought to assess the
correlation between HRQoL and severity of skin toxicity.

PATIENTS AND METHODS

Patients and study design

The design and patient population for these two phase III, open-
label, randomised, controlled trials (NCT00364013; NCT00339183)
have been described in detail in previous publications (Douillard
et al, 2010; Peeters et al, 2010). The protocols were approved by the
ethics committees at participating sites. All patients signed
informed consent before any study-related procedures were
performed.

Briefly, the first-line trial compared the efficacy and safety of the
combination of panitumumabþ FOLFOX4 with FOLFOX4 alone in
patients with previously untreated mCRC (Douillard et al, 2010),
while the second-line trial compared the efficacy and safety of the
combination of panitumumabþ FOLFIRI with FOLFIRI alone in
patients with previously treated mCRC (Peeters et al, 2010).
Patients were randomly assigned 1 : 1 to panitumumabþ chemo-
therapy vs chemotherapy alone in both trials. In the first-line trial,
randomisation was stratified by geographic region, and Eastern
Cooperative Oncology Group (ECOG) performance status. In the
second-line trial, randomisation was stratified by prior oxaliplatin
exposure for mCRC, prior bevacizumab exposure for mCRC and
ECOG performance status. Panitumumab 6.0 mg kg – 1 was admi-
nistered without pre-medication by intravenous infusion every 2
weeks on day 1 before the appropriate chemotherapy (FOLFOX4 or
FOLFIRI), while patients randomised to the chemotherapy group
received FOLFOX4 or FOLFIRI alone. Treatment was administered
until disease progression or unacceptable toxicity.

HRQoL measurements

Health-related quality of life was measured using the EQ-5D Health
State Index (EQ-5D HSI) and the EQ-5D Visual Analogue Scale
(EQ-5D VAS). Assessments were taken at baseline and monthly
until disease progression, and then once at the 4-week safety
follow-up visit. Patients who withdrew from the study treatment
before disease progression (e.g., because of unacceptable toxi-
cities) were encouraged to complete assessments every 8 weeks
(±1 week) until disease progression and at the safety follow-up
visit.

The EQ-5D HSI assesses health across five dimensions that
include mobility, self-care, usual activities, pain or discomfort, and
anxiety or depression. Each dimension has three possible out-
comes (no problems, moderate problems and extreme problems),
with a total score for EQ-5D HSI ranging from �0.594 to 1 (Dolan,
1997) using published tariffs developed for the United Kingdom.
The minimal clinically important difference (MCID) for the EQ-5D
HSI has been estimated as a change in score of X0.08 (Pickard

et al, 2007a). The EQ-5D VAS provides an assessment of current
health status on a vertical scale of 0 –100, with 0 representing
‘worst imaginable health’ and 100 representing ‘best imaginable
health’. The MCID for the EQ-5D VAS has been estimated as a
change in score of X7 (Pickard et al, 2007a). The analysis of the
EQ-5D HSI and VAS sought to estimate in both trials, in patients
with wild-type KRAS mCRC, the average difference in effect of
panitumumabþ FOLFOX4 (or þ FOLFIRI) compared with FOL-
FOX4 alone (or FOLFIRI alone); and the correlation between skin
toxicity and change from baseline in EQ-5D HSI and EQ-5D VAS
scores in patients treated with panitumumab. Skin toxicities were
reported as adverse events that were collected during the treatment
and safety follow-up phases and were graded using the National
Cancer Institute Common Terminology Criteria for Adverse
Events version 3.0 with modifications for specific skin and nail
toxicities (National Cancer Institute, 2006).

Statistical analysis

The analysis was performed separately for the two clinical trials. In
each trial, the intent-to-treat (ITT) population included all
randomised subjects with wild-type KRAS mCRC, regardless of
treatment received. In the current analysis, we included subjects in
the ITT population who had a baseline and at least one post-
baseline HRQoL assessment for each score analysed before disease
progression by central assessment.

Linear mixed effects model The same statistical analyses were
conducted separately for each of the two studies. Changes in
EQ-5D HSI and EQ-5D VAS scores from baseline for treatment
effects were analysed over time using linear mixed models for
repeated measures with intercept and slope for study week as
random effects. The fixed effects in the initial models included
explanatory variables for study treatment arm, study week, and the
interaction between treatment arm and study week. Each mixed
model also included covariates for baseline EQ-5D score, ECOG
performance statues (0 or 1 vs 2), geographic region (western
Europe, Canada, the USA and Australia vs rest of world), and three
corresponding treatment-by-covariates interaction terms. For
analysis of the second-line trial, two additional baseline covariates
– prior bevacizumab exposure for mCRC (yes vs no) and prior
oxaliplatin for mCRC (yes vs no), and two corresponding treatment-
by-covariates interaction terms were included in the initial models.
Backward selection was used to eliminate interaction terms with
baseline variables if not significant at the 0.05 level, but all main
effects and the time-by-treatment interaction remained in the final
model regardless of significance. Treatment-specific least squares
mean (LSM) estimates of average change in each outcome from
baseline, along with 95% CI, were calculated.

Pattern mixture model To evaluate the effect of study attrition on
the estimate of treatment differences, a sensitivity analysis was
performed using pattern mixture models to incorporate informa-
tion on patterns of missing data. Assuming intermittent missing
data occurred at random, patients were classified into two pattern
groups: early dropout (defined as dropout on or before week 28
(week 20) in the first-line (second-line) study) and late dropout/
completer (those who either dropped out after week 28 (week 20)
or completed all assessments in the first-line (second-line) study).
A different cut-off week, at around the 75% dropout rate in each
trial, was used to define early vs late dropout for the two trials to
reflect the difference in study duration between the two trials.
Within each dropout group, LSM estimates of average change in
each outcome from baseline, along with 95% CI, were calculated.

Impact of skin toxicity on HRQoL The impact of skin toxicity on
the changes in EQ-5D HSI and EQ-5D VAS scores from baseline in
patients receiving panitumumab was estimated using a linear
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mixed effects model. Patients were divided into three groups based
on the level of skin toxicity reported: no/mild toxicity (grade 0 or 1),
moderate toxicity (grade 2) and severe toxicity (grade 3þ).
This analysis was outcome-by-outcome and evaluated an associa-
tion not cause– effect. LSM estimates of average change from
baseline within each subgroup, along with 95% CI, were calculated.

RESULTS

Demographics

In the first-line study, there were 656 patients with wild-type KRAS
mCRC (Douillard et al, 2010). Of these, 576 patients (284 received
panitumumabþ FOLFOX4 and 292 received FOLFOX4 alone) were
included in the HRQoL analysis, representing 87.8% of the overall
wild-type KRAS population. Specifically, 279 and 289 patients
receiving panitumumabþ FOLFOX4 and FOLFOX4 alone, respec-
tively, were eligible for inclusion in the EQ-5D HSI analysis; while
the EQ-5D VAS analysis included 278 patients receiving panitu-
mumab plus FOLFOX4 and 285 receiving FOLFOX4 alone.

In the second-line study, 597 patients with wild-type KRAS
tumours were included (Peeters et al, 2010). Of these, 530 patients
(263 received panitumumabþ FOLFIRI and 267 received FOLFIRI)
were included in the HRQoL analysis, representing 88.8% of the
overall wild-type KRAS population. For the EQ-5D HSI analysis,
262 and 265 patients from the panitumumabþ FOLFIRI arm and
the FOLFIRI alone arm, respectively, were included; and the EQ-5D

VAS score analysis included 257 patients from the panitumu-
mabþ FOLFIRI arm and 259 patients from the FOLFIRI alone arm.
Baseline demographics and clinical characteristics, including
EQ-5D HSI and EQ-5D VAS scores at baseline, were generally
well-balanced across treatment groups in both studies (Table 1)
and were similar to those reported in the overall patient
populations (Douillard et al, 2010; Peeters et al, 2010).

First-line trial

Changes in scores from baseline – linear mixed model The mean
baseline score for the EQ-5D HSI was 0.778 for the panitumu-
mabþ FOLFOX4 arm and 0.756 for the FOLFOX4 alone arm. Mean
baseline EQ-5D VAS scores were 74.1 and 70.1, respectively
(Table 1). According to the mixed model for change from baseline
score, there was a slight within-group improvement (which was
statistically significant, but not clinically meaningful) in the EQ-5D
HSI score in the panitumumabþ FOLFOX4 and FOLFOX4 alone
groups (Table 2a). The estimate (LSM of the change from baseline
was 0.022 (95% CI: 0.003– 0.041) in the panitumumabþ FOLFOX4
group and 0.027 (95% CI: 0.008 –0.046) in the FOLFOX4 alone
group. The difference between the two treatment arms was �0.005
(95% CI: �0.032 –0.022), which was not statistically significant or
clinically meaningful. Similar results were observed in EQ-5D VAS
scores (Table 2a). The estimated LSM of the change from baseline
for EQ-5D VAS was 1.228 (95% CI: �0.378 –2.834) in the
panitumumabþ FOLFOX4 group and 1.881 (95% CI: 0.275 –
3.487) in the FOLFOX4 alone group. The difference between the

Table 1 Baseline demographics and clinical characteristics of patients with wild-type KRAS metastatic colorectal cancer included in the EQ-5D HSI
and EQ-5D VAS from two trials of panitumumab

First-line trial Second-line trial

Panitumumab + FOLFOX4
(n¼284)

FOLFOX4
(n¼ 292)

Panitumumab + FOLFIRI
(n¼263)

FOLFIRI
(n¼ 267)

Male, n (%) 189 (66.5%) 186 (63.7%) 159 (60.5%) 171 (64.0%)
Age, mean years (s.d.) 60.5 (10.5) 60.1 (11.3) 60.1 (10.1) 60.6 (10.1)
White race, n (%) 257 (90.5%) 271 (92.8%) 255 (97.0%) 253 (94.8%)

Region, n (%)
Australia, USA, western Europe, Canada 166 (58.5%) 161 (55.1%) 162 (61.6%) 163 (61.0%)
Rest of world 118 (41.5%) 131 (44.9%) 101 (38.4%) 104 (39.0%)

ECOG performance status, n (%)
0–1 270 (95.1%) 276 (94.5%) 253 (96.2%) 255 (95.5%)
X2 14 (4.9%) 16 (5.5%) 10 (3.8%) 12 (4.5%)

Primary tumour type, n (%)
Colon 183 (64.4%) 192 (65.8%) 160 (60.8%) 171 (64.0%)
Rectal 101 (35.6%) 100 (34.2%) 103 (39.2%) 96 (36.0%)

Site of metastatic disease, n (%)
Liver only 53 (18.7%) 48 (16.4%) 56 (21.0%) 46 (17.5%)
Liver+other 193 (68.0%) 199 (68.2%) 169 (63.3%) 178 (67.7%)
Other only 37 (13.0%) 44 (15.1%) 40 (15.0%) 39 (14.8%)
Missing or unknown 1 (0.4%) 1 (0.3%) 2 (0.7%) 0 (0.0%)

Prior therapy, n (%)
Oxaliplatin NA NA 175 (66.5%) 172 (64.4%)
Bevacizumab NA NA 49 (18.6%) 55 (20.6%)

Baseline EQ-5D HSI
Mean (s.d.) 0.778 (0.247) 0.756 (0.244) 0.769 (0.230) 0.762 (0.252)

Baseline EQ-5D VAS
Mean (s.d.) 74.1 (19.3) 70.1 (20.8) 73.3 (17.3) 71.9 (18.8)

Abbreviations: ECOG¼ Eastern Cooperative Oncology Group; EQ-5D HSI¼ EuroQoL 5-Dimensions Health State Index; EQ-5D VAS¼ EQ-5D Visual Analogue Scale;
FOLFIRI¼ fluorouracil, leucovorin and irinotecan; FOLFOX¼ fluorouracil, leucovorin and oxaliplatin; NA¼ not applicable; s.d.¼ standard deviation.
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two treatment arms was �0.653 (95% CI: �2.925 to 1.618), which
was not statistically significant or clinically meaningful.

Pattern mixture model (sensitivity analysis) For each outcome,
missing data were categorised into early and late dropout/
completer patterns. A summary of the dropout pattern is provided
in Table 3. A significantly greater proportion of patients in the
panitumumabþ FOLFOX4 group were categorised as late drop-
outs/completers compared with the FOLFOX4 alone group. The
difference was around 10% in both the EQ-5D HSI and VAS
analysis sets (P¼ 0.010 and P¼ 0.050, respectively) (Table 3).
These data indicated that the dropout patterns were different
between the two treatment groups. The missing data were
considered to be non-random and treatment effects were evaluated
separately for those patients who did and those who did not drop
out early. Within each dropout group, LSM estimates of average
change in EQ-5D HSI and VAS from baseline, along with 95% CI,
are provided in Table 4a. There was a statistically significant but
not clinically meaningful improvement in the EQ-5D HSI
(panitumumabþ FOLFOX4: 0.058; 95% CI: 0.032 –0.084; FOLFOX4
alone: 0.062; 95% CI: 0.033 –0.091) and EQ-5D VAS (panitumu-
mabþ FOLFOX4: 4.008; 95% CI: 1.677 –6.339; FOLFOX4 alone:
4.392; 95% CI: 1.887–6.898) scores within each treatment arm in
the late dropout/completer group. This pattern was absent in the
early dropout group. No statistically significant or clinically

meaningful difference was observed in either the early dropout
or the late dropout/completer group between the two treatment
arms in both the EQ-5D HSI and EQ-5D VAS score (Table 4a).
Therefore, the pattern mixture analyses estimating average
differences in change from baseline score for the EQ-5D HSI and
EQ-5D VAS for both early and late dropout/completers resulted in
a similar outcome (no treatment difference) to the linear mixed
models for all patients with wild-type KRAS mCRC.

Correlation between skin toxicity and HRQoL On the basis of the
mixed model of change from baseline score, LSM estimates of
average change from baseline along with 95% CI were calculated
for patients by severity level of skin toxicity. Baseline mean scores
and LSM estimates of changes from baseline for the EQ-5D index-
based scores and VAS scores associated with each category of skin
toxicity are reported in Table 5a. The difference in change from
baseline EQ-5D HSI and EQ-5D VAS score between any two of the
three groups (no/mild, moderate or severe skin toxicity) was not
statistically significant or clinically meaningful (Table 5b).

Second-line trial

Changes in scores from baseline – linear mixed model The mean
baseline score for the EQ-5D HSI was 0.769 in the panitumu-
mabþ FOLFIRI group and 0.762 in the FOLFIRI alone arm. Mean

Table 2 LSM differences in change from baseline in the EQ-5D HSI and EQ-5D VAS scores between (A) panitumumab + FOLFOX4 vs FOLFOX4-only
and (B) panitumumab + FOLFIRI vs FOLFIRI-only, using linear mixed models

(A)

EQ-5D HSI EQ-5D VAS

Panitumumb
+ FOLFOX4
(n¼ 279)

FOLFOX4
(n¼289) Difference

Panitumumb
+ FOLFOX4
(n¼ 278)

FOLFOX4
(n¼ 285) Difference

LSM 0.022 0.027 �0.005 1.228 1.881 �0.653
(95% CI) (0.003, 0.041) (0.008, 0.046) (�0.032, 0.022) (�0.378, 2.834) (0.275, 3.487) (-2.925, 1.618)

(B)
EQ-5D HIS EQ-5D VAS

Panitumumb
+ FOLFIRI
(n¼ 262)

FOLFIRI
(n¼265) Difference

Panitumumb
+ FOLFIRI
(n¼ 257)

FOLFIRI
(n¼ 259) Difference

LSM difference �0.024 0.000 �0.024 �1.438 �0.172 �1.266
(95% CI) (�0.045, �0.003) (�0.021, 0.022) (�0.054, 0.006) (�2.838, �0.037) (�1.620, 1.275) (�3.280, 0.749)

Abbreviations: CI¼ confidence interval; EQ-5D¼ EuroQoL-5 dimensions; FOLFIRI¼ fluorouracil, leucovorin and irinotecan; FOLFOX¼ fluorouracil, leucovorin and oxaliplatin;
HSI¼Health State Index; LSM¼ least squares mean; VAS¼Visual Analogue Scale.

Table 3 Summary of dropout pattern by treatment in first- and second-line trials

First-line trial Second-line trial

Instrument/
pattern

Panitumumab
+ FOLFOX4 n (%)

FOLFOX4
alone n (%) P

Panitumumab
+ FOLFIRI n (%)

FOLFIRI
alone n (%) P

EQ-5D HSI (n) 279 289 0.010 262 265 0.017
Early dropout 145 (52.0) 181 (62.6) 158 (60.3) 186 (70.2)
Late dropout/completer 134 (48.0) 108 (37.4) 104(39.7) 79 (29.8)

EQ-5D VAS (n) 278 285 0.050 257 259 0.008
Early dropout 148 (53.2) 175 (61.4) 153 (59.5) 183 (70.7)
Late dropout/completer 130 (46.8) 110 (38.6) 104 (40.5) 76 (29.3)

Abbreviations: EQ-5D¼ EuroQoL-5 dimensions; FOLFIRI¼ fluorouracil, leucovorin and irinotecan; FOLFOX¼ fluorouracil, leucovorin and oxaliplatin; HSI¼Health State Index;
VAS¼Visual Analogue Scale. Note: early drop out is defined as study dropout on or before week 28 for the first-line trial and week 20 for the second-line trial. P-value is derived
from a w2-test of association.

QoL of panitumumab in first/second-line treatment of mCRC

L Bennett et al

1498

British Journal of Cancer (2011) 105(10), 1495 – 1502 & 2011 Cancer Research UK

C
lin

ic
a
l
S
tu
d
ie
s



baseline EQ-5D VAS scores were 73.3 and 71.9, respectively.
According to the mixed model of change from baseline score, the
estimated LSM of the change from baseline EQ-5D HSI was �0.024
(95% CI: �0.045 to �0.003) in the panitumumabþ FOLFIRI group
and þ 0.000 (95% CI: �0.021 to 0.022) in the FOLFIRI alone group
(Table 2b). The changes from baseline in both arms were not

clinically meaningful. The difference between the two treatment
arms was �0.024 (95% CI: �0.054 to 0.006), and was not
statistically significant or clinically meaningful. Similar results
were observed in EQ-5D VAS; the estimated LSM of the change
from baseline was �1.438 (95% CI: �2.838 to �0.037) in the
panitumumabþ FOLFIRI group and �0.172 (95% CI: �1.620 to 1.275)

Table 4 LSM differences in change from baseline in the EQ-5D HSI and EQ-5D VAS scores between (A) panitumumab + FOLFOX4 vs FOLFOX4
alonea (B) panitumumab + FOLFIRI vs FOLFIRI aloneb, using pattern mixture models

(A)

EQ-5D HIS EQ-5D VAS

Dropout group

Panitumumb
+ FOLFOX4
(n¼279) FOLFOX4 (n¼ 289) Difference

Panitumumb
+ FOLFOX4
(n¼278) FOLFOX4 (n¼ 285) Difference

Late/completer 0.058 0.062 �0.004 4.008 4.392 �0.384
(95% CI) (0.032, 0.084) (0.033, 0.091) (�0.043, 0.035) (1.677, 6.339) (1.887, 6.898) (�3.799, 3.030)

Early �0.006 0.014 �0.020 �0.873 0.795 �1.668
(95% CI) (�0.030, �0.018) (�0.008, 0.036) (�0.053, 0.012) (�2.872, 1.125) (�1.057, 2.646) (�4.390, 1.054)

(B)
EQ-5D HIS EQ-5D VAS

Dropout group

Panitumumb
+ FOLFIRI
(n¼262)

FOLFIRI
(n¼ 265) Difference

Panitumumb
+ FOLFIRI
(n¼257)

FOLFIRI
(n¼ 259) Difference

Late/completer 0.023 0.025 �0.002 1.575 3.310 �1.735
(95% CI) (�0.008, 0.053) (�0.011, 0.060) (�0.048, 0.044) (�0.477, 3.627) (0.875, 5.745) (�4.913, 1.443)

Early �0.059 �0.008 �0.051 �3.675 �1.866 �1.809
(95% CI) (�0.084, �0.034) (�0.031, 0.015) (�0.085, �0.017) (�5.349, �2.002) (�3.406, �0.326) (�4.090, 0.471)

Abbreviations: CI¼ confidence interval; EQ-5D¼ EuroQoL-5 dimensions; FOLFIRI¼ fluorouracil, leucovorin and irinotecan; FOLFOX¼ fluorouracil, leucovorin and oxaliplatin;
HSI¼Health State Index; LSM¼ least squares mean; VAS¼Visual Analogue Scale. Early drop out is defined as study dropout on or before aweek 28 in the first-line trial; bweek
20 in the second-line trial.

Table 5 (A) Baseline and LSM change and (B) LSM differences in change from baseline in the EQ-5D HSI and EQ-5D VAS scores by severity level of skin
toxicity in the first- and second-line trials

(A)

First-line trial Second-line trial

Severity level of skin toxicities EQ-5D HSI EQ-5D VAS EQ-5D HSI EQ-5D VAS

None/mild
Baseline 0.733 73.6 0.751 71.9
LSM change �0.001 1.7 �0.076 �3.3

Moderate
Baseline 0.780 73.9 0.783 73.0
LSM change 0.041 2.9 0.001 �0.7

Severe
Baseline 0.794 74.5 0.772 74.1
LSM change 0.016 �0.5 �0.019 �1.6

(B)
First-line trial Second-line trial

Difference between groups EQ-5D HSI EQ-5D VAS EQ-5D HSI EQ-5D VAS

Moderate vs none/mild 0.042 1.206 0.077 2.571
(95% CI) (�0.012, 0.095) (�3.309, 5.720) (0.014, 0.140) (�1.645, 6.786)

Severe vs none/mild 0.017 �2.261 0.056 1.698
(95% CI) (�0.038, 0.071) (�6.869, 2.347) (�0.003, 0.116) (�2.349, 5.746)

Abbreviations: CI¼ confidence interval; EQ-5D¼ EuroQoL-5 dimensions; HSI¼Health State Index; LSM¼ least squares mean; VAS¼Visual Analogue Scale.
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in the FOLFIRI alone group (Table 2b). The difference between
the two treatment arms was �1.266 (95% CI: �3.280 to
0.749), which was not statistically significant or clinically
meaningful.

Pattern mixture model (sensitivity analysis) Similar to the first-
line trial, compared with patients in the FOLFIRI alone arm,
patients in the panitumumabþ FOLFIRI arm were more likely be
categorised as late dropout/completers. The difference in the late
dropout rate between the two treatment arms was around 10% in
both EQ-5D HSI and VAS analysis sets (P¼ 0.017 and 0.008,
respectively) (Table 3). Thus, there were different dropout patterns
between the two treatment arms and treatment effects were
evaluated separately for those patients who did and those who did
not drop out early. For each outcome, missing data were
categorised into early and late dropout/completer patterns. Within
each dropout group, LSM estimates of average change in EQ-5D
HSI and EQ-5D VAS from baseline, along with 95% CI, are
provided in Table 4b. There was no statistically or clinically
meaningful change in the EQ-5D HSI in both treatment groups
(panitumumabþ FOLFIRI: 0.023; 95% CI: �0.008 to 0.053;
FOLFIRI alone: 0.025; 95% CI: �0.011 to 0.060) in late dropout/
completers. The change from baseline for the EQ-5D VAS was
1.575 (95% CI: �0.477 to 3.627) for the panitumumabþ FOLFIRI
group and 3.310 (95% CI: 0.875 –5.745) for FOLFIRI alone group in
the late dropout/completer group. In the early dropout group, the
change from baseline scores was generally worse than those in the
late dropout/completer group. The pattern mixture analyses
estimating average differences between treatments in change from
baseline score for the EQ-5D HSI and EQ-5D VAS scores for both
early and late dropout/completers resulted in generally similar
results as the linear mixed models for all patients with wild-type
KRAS mCRC.

Correlation between skin toxicity and HRQoL Similar to the
analyses of the first-line study, the change from baseline EQ-5D
HSI and EQ-5D VAS score was estimated for patients by skin
toxicity severity level. Baseline mean scores and LSM estimates of
changes from baseline for the EQ-5D index-based scores and VAS
scores associated with each category of skin toxicity were reported
in Table 5a. The difference in change from baseline for both EQ-5D
HSI and EQ-5D VAS between any two of the three groups (no/
mild, moderate or severe skin toxicity) was not statistically
significant or clinically meaningful (Table 5b).

DISCUSSION

As the possible options for the treatment of mCRC have expanded
and survival has increased, patient HRQoL has become an
increasingly important treatment outcome, especially as treatment
aims in this setting are generally palliative rather than curative
(Byrne et al, 2007). The addition of panitumumab to FOLFOX4 as a
first-line treatment, or to FOLFIRI as a second-line treatment
significantly increases PFS in patients with wild-type KRAS mCRC
(Douillard et al, 2010; Peeters et al, 2010). In our analyses of the
EQ-5D assessments made during these phase III studies, there were
no statistically significant or clinically meaningful overall differ-
ences in the change in HRQoL in patients treated with
panitumumabþ chemotherapy compared with those treated with
chemotherapy alone. This suggests that the addition of panitumu-
mab to chemotherapy regimens as a first- or second-line treatment
of patients with wild-type KRAS mCRC provides improvements in
PFS without compromising HRQoL. Additionally, there were
significantly more patients who dropped out late or completed
the study in the group receiving panitumumab than the group
receiving chemotherapy only in both first- and second-line trials.

When used in addition to BSC in patients with chemorefractory
wild-type KRAS mCRC, panitumumab has been reported to
provide better control of symptoms and maintenance of HRQoL
compared with BSC alone (Odom et al, 2011). Thus, our results
extend our understanding of the impact of panitumumab on
HRQoL to earlier lines of mCRC treatment. In contrast to the
findings in the chemorefractory setting, we did not find a
difference in the change in HRQoL between treatment arms in
our analyses. Generally, HRQoL is relatively high at baseline in
first-line mCRC patients, reflecting the fact that patients are often
predominantly asymptomatic when diagnosed with mCRC (0.778
for first-line patients from this study vs 0.845 for general
population (Petrou and Hockley, 2005)). This indicates that the
realistic treatment goal in first-line mCRC patients is to maintain
rather than to improve HRQoL. In second-line mCRC patients, the
baseline HRQoL in our study was still relatively high; this may be
because these patients have been enrolled in an experimental
clinical trial and may be more hopeful of achieving a good
outcome: this, in turn, may impact positively on their baseline
HRQoL. Thus, the realistic treatment goal in this group of patients
is also to maintain HRQoL. The HRQoL for patients failing
standard chemotherapies and seeking third-line treatment tends to
deteriorate rapidly, however, and hence this is where HRQoL
benefits with panitumumab have been demonstrated (Odom et al,
2011).

Our findings regarding the impact of panitumumab on HRQoL
in the first- and second-line treatment of mCRC are consistent with
those observed in studies of cetuximab and bevacizumab (a mAb
targeting the vascular endothelial growth factor) in this setting.
There was neither a clinically meaningful nor statistically
significant difference in HRQoL in patients treated with cetux-
imabþ FOLFIRI vs FOLFIRI alone as a first-line treatment for
wild-type KRAS mCRC (Folprecht et al, 2009). Similar data have
also been reported in three studies of bevacizumab. In first-line
mCRC patients, except one measure in one phase II study, the time
to deterioration in HRQoL did not differ significantly between
patients receiving bevacizumab combined with 5-fluorouracil(5-
FU)/leucovorin, irinotecan/5-FU/leucovorin or capecitabine com-
pared with the use of these chemotherapies alone (Kabbinavar
et al, 2008; Tebbutt et al, 2010).

Owing to the perceived impact of skin toxicity (which occurs in
up to 90% of patients treated with panitumumab) on patient-
reported outcomes, we further analysed the impact of skin
toxicities on HRQoL. Our results indicated that the severity level
of skin toxicity was independent of HRQoL. Therefore, regardless
of the severity of skin toxicity, patients treated with panitumumab
maintained a similar HRQoL. Severe skin toxicity associated with
panitumumab has been reported to correlate with improved
survival (Siena et al, 2007; Douillard et al, 2010; Peeters et al, 2010)
and this is of note as HRQoL is likely affected by both efficacy
benefits and skin toxicity, such that the net result in our study was
that panitumumab did not have a negative impact on HRQoL.

In oncology trials, it is common for substantial amounts of
patient-reported data to be missing. As the disease progresses and
disease symptoms increase, the burden of completing patient-
reported outcome questionnaires increases. These missing data
cause methodological challenges in analysing HRQoL data. We
employed linear mixed models, which is a superior approach
compared with the traditional analysis of covariance models used
with imputation of missing data, such as the last observation
carried forward method (Siddiqui et al, 2009). Furthermore, in
both studies, there was a significantly increased rate of early
dropout in the chemotherapy only arm compared with the
panitumumabþ chemotherapy arm. As a sensitivity analysis, we
used the pattern mixture models to control for the impact of non-
random missing data as well as different patterns of missing data
between the treatment arms. The overall results were similar using
both models.

QoL of panitumumab in first/second-line treatment of mCRC

L Bennett et al

1500

British Journal of Cancer (2011) 105(10), 1495 – 1502 & 2011 Cancer Research UK

C
lin

ic
a
l
S
tu
d
ie
s



A few limitations of the analysis presented here should be noted.
First, EQ-5D was chosen over other HRQoL measures because it
has been validated and commonly used in mCRC studies (Pickard
et al, 2007b); utility can be generated from EQ-5D index scores for
cost-effectiveness analysis; and it is easy to administer yet has a
comparable responsiveness to that of a disease-specific HRQoL
(EORTC QLQ C-30 scales) (Krabbe et al, 2004). However, for the
purpose of assessing the impact of skin toxicities on HRQoL, the
existing brief skin-specific HRQoL measures are better instru-
ments and might have been administered in conjunction with the
EQ-5D. Second, a large majority of the patients in these trials had
ECOG scores of 0 or 1, so the conclusions reported here may not
fully represent the impact of panitumumab treatment on HRQoL
in a broader population of patients with mCRC. The use of other
EGFR inhibitors has been shown to impact HRQoL in other studies
(Andreis et al, 2010). Additionally, the EQ-5D is not a direct
measure of the impact of skin toxicity on HRQoL, and this may
explain the lack of statistically significant differences in EQ-5D
across levels of skin toxicity. It should also be noted that
differences in EQ-5D scores smaller than those cited (e.g., Pickard
et al, 2007a) may be important, so the interpretation of related
findings needs to be cautious. Next, for fitting the pattern mixture
models, we assumed that any intermittent missing data before
dropout or study completion was missing at random. If the
missing value happened because of treatment-related toxicity or
side effects, which were not included as covariates in the models,
this assumption may not be appropriate.

In conclusion, our analysis further extends our understanding of
the recently reported benefits of panitumumab in combination
with FOLFOX4 or FOLFIRI as a first- or second-line treatment for
wild-type KRAS mCRC (Douillard et al, 2010; Peeters et al, 2010).

In spite of anti-EGFR-related skin toxicity, the overall HRQoL
for patients receiving panitumumabþ chemotherapy was not
adversely affected. Therefore, the improvements in PFS observed
with panitumumab are obtained without compromising patients’
HRQoL.
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