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Background: Mean survival in cancer trials can be estimated with statistical techniques to extrapolate study survival curves. This
methodology was applied to data from the VELOUR trial, where use of the novel biologic aflibercept (ziv-aflibercept in the United
States) in combination with fluorouracilþ leucovorinþ irinotecan (FOLFIRI), had significantly increased median overall survival (OS)
by 1.44 months, vs placebo plus FOLFIRI in patients with metastatic colorectal cancer (mCRC) resistant to, or that had progressed
following, an oxaliplatin-containing regimen.

Methods: Parametric survival analyses were used to identify distributions with the best fit to the empirical VELOUR data. Mean OS
for the two treatment groups (and pre-defined subgroups) was calculated from the fitted curves over a 15-year survival period.

Results: Overall, the log-logistic distribution was the best-fitting for both treatment arms and, with it, the estimated difference in
mean OS over 15 years between afliberceptþ FOLFIRI and placeboþ FOLFIRI was 4.7 months. In addition, the survival advantage
with aflibercept was at least 3 months for the ITT population, whichever distribution was used to extrapolate survival.

Conclusion: Extrapolation of survival curves suggests the mean OS difference for aflibercept in the VELOUR trial is at least 3
months in the ITT population and selected subgroups.

Over 1.2 million people are diagnosed with colorectal cancer
worldwide each year (Jemal et al, 2011; International Agency
for Research on Cancer, 2011). Around a quarter of them will
already have metastatic disease (metastatic colorectal cancer
(mCRC)) and, consequently, over a 90% chance of dying within
the next 5 years (Goldberg et al, 2007). Viewed in isolation,
such data are daunting. However, a broader perspective must
also embrace major therapeutic advances and consequent increases

in survival in non-resectable mCRC over the last 20 years (Jemal
et al, 2011).

Currently, median overall survival (OS) in mCRC typically
exceeds 2 years (Davies and Goldberg, 2008) using first-line
treatments based on fluorouracil with leucovorin plus either
oxaliplatin (FOLFOX) or irinotecan (FOLFIRI), often with
additional biologic-targeted therapy. With FOLFOX and FOLFIRI
in first- and second-line treatments, median survival of 20–21
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months and mean survival of 24–27 months have been reported
(Tournigand et al, 2004; Hind et al, 2008). Current real-world
treatment patterns show that about half of patients progress and go
on to receive second-line combination therapy (typically involving
cross-over between FOLFIRI and FOLFOX) (Hess et al, 2010; Rosé
et al, 2012), with similar patterns for use of additional biologic
therapy in this setting. A new option for patients with mCRC
resistant to or that has progressed following an oxaliplatin-
containing regimen is aflibercept (ziv-aflibercept in the United
States), a novel fusion protein that acts as a soluble receptor that
binds to VEGF-A, VEGF-B and placental growth factor, added to
FOLFIRI. In combination with FOLFIRI, aflibercept has been
investigated in the VELOUR trial, a multinational, randomised,
placebo-controlled Phase III study in patients who had progressed
following an oxaliplatin-based regimen (Van Cutsem et al, 2012).
Aflibercept demonstrated significant improvement in survival end
points, extending both median OS (by 1.44 months) and median
progression-free survival (PFS; by 2.23 months), at a median
follow-up of 22.3 months in OS. These statistically significant
survival benefits were observed together with an acceptable safety
and tolerability profile.

Despite the established efficacy of aflibercept, the VELOUR
results are limited by their reliance on median values of OS and
PFS – standard measures in cancer intervention trials. On the basis
of the shape of the OS curves, the median might not reflect the
full benefit of aflibercept, as the curves for two treatment arms
continue to separate, showing a higher benefit of aflibercept in the
longer term.

As well as circumventing the problem that survival data in such
studies are usually right-skewed, median survival outcomes (Davies
et al, 2012) are also a pragmatic alternative to measuring mean
survival directly. The latter approach (i.e., taking into account the
whole of the survival curve, not just the survival of 50% of patients)
would require waiting until all participants had died, which could
raise ethical questions about whether it denied patients an effective
and sufficiently safe treatment. It would also have major
implications for research sponsors, given the reduced time for
ensuring returns on investment for the investigated products
before patent expiry. Against all this, however, is the fact that mean
survival values (estimated separately or as an output of a cost-
effectiveness analysis) are required by many payers and health
technology assessment (HTA) agencies (e.g., the National Institute
for Health and Care Excellence (NICE) in the United Kingdom or
the Pharmaceutical Benefits Advisory Committee (PBAC) in
Australia) to estimate cost-effectiveness, to inform reimbursement
decisions.

The more practical approach of relying on median OS overlooks
people still alive long after study follow-up has finished, and hence
risks not taking into account the appropriate clinical and associated
health economic consequences of the interventions under inves-
tigation. A potential solution to this predicament is to use
statistical techniques to extrapolate study survival curves to predict
long-term mean outcomes beyond the observed follow-up time, an
established method in health economic analyses (Latimer, 2011)
and applied to data from numerous cancer trials (Neymark et al,
2002; Huse et al, 2007). The objective of this study was to assess
the implications of such survival estimations in the context of the
VELOUR trial by generating mean OS differences between the
study’s treatment groups using parametric survival analyses.

METHODS

The current study was based on post hoc-extended analysis of data
from the VELOUR trial (full clinical results of which have been
published elsewhere) (Van Cutsem et al, 2012), and was conducted

to estimate the difference in mean survival between the trial’s
treatment groups.

Data. The VELOUR trial was a prospective multinational, double-
blind, placebo-controlled study in which patients with mCRC who
had had disease progression following previous treatment with an
oxaliplatin-based regimen were randomised to receive either
afliberceptþ FOLFIRI or placeboþ FOLFIRI (control). To be
eligible for the study, patients had to be aged 18 years or older
with histologically- or cytologically-proven colorectal adenocarci-
noma with metastatic disease not amenable to potentially curative
treatment, and must not have been treated with irinotecan prior to
the trial entry. Participants were randomised (with stratification
according to prior therapy with bevacizumab (yes vs no) and
ECOG performance status (PS) (0 vs 1 vs 2)) to receive aflibercept
(4mg kg� 1 intravenously) or placebo, every 2 weeks in combina-
tion with FOLFIRI, in a 1 : 1 ratio. They were treated until disease
progression, unacceptable toxicity, patients’ refusal, or investiga-
tors’ decision to withdraw treatment. Following the documentation
of progressive disease, patients were followed for survival status.

A total of 1226 patients were enrolled, 612 being randomised
to afliberceptþ FOLFIRI and 614 to placeboþ FOLFIRI. Patient
characteristics and disease history are summarised in Table 1.
Median follow-up time for the intention-to-treat (ITT) population
was 22.28 months, with 403 deaths being observed in the
aflibercept arm and 460 in the control arm. Median reported
OS was 12.06 months (95.34% CI: 11.07–13.11) with placeboþ
FOLFIRI and 13.50 months (95.34% CI: 12.52–14.95) with
afliberceptþ FOLFIRI (HR: 0.817; 95.34% CI: 0.713–0.937;
P¼ 0.0032). Median reported PFS was also significantly longer
with afliberceptþ FOLFIRI than with placeboþ FOLFIRI (6.90 vs
4.67 months, Po0.001; HR: 0.758; 95% CI: 0.661–0.869).
In addition, response rate was significantly higher in the aflibercept
arm than in the control arm (19.8% vs 11.1%, P¼ 0.0001)
(Van Cutsem et al, 2012).

The adverse events reported with aflibercept and FOLFIRI in
the trial included the characteristic antivascular endothelial growth
factor effects and also reflected an increased incidence of some
chemotherapy-related toxicities (Van Cutsem et al, 2012).
Treatment-emergent adverse events were reported in 99.2% and
97.9% of the aflibercept and control arm patients, respectively, with
grade 3 and 4 events reported in 83.5% and 62.5% of patients,
respectively. In addition, the reported incidence of some adverse
events commonly associated with chemotherapy was higher
with aflibercept, including the following grade 3 and 4 events:
diarrhoea, asthenic conditions, stomatitis and ulceration, infections
and palmar-plantar erythrodysesthesia (Van Cutsem et al, 2012).
Adverse events led to permanent discontinuation from study
treatment in 26.8% of patients in the aflibercept arm and 12.1% of
patients in the control arm. The trends observed for adverse events
in the subgroups were generally consistent with those of the ITT
population (Van Cutsem et al, 2012).

Statistical analyses. At the end of 36 months of follow-up, 17.2%
of patients in the aflibercept arm and 7.9% of patients in the
placebo arm were still alive. Therefore, to derive mean OS, survival
curves had to be extrapolated (Latimer, 2011). Parametric survival
analyses were used to identify distributions that provided the best
fit to the OS empirical data. First, observed Kaplan–Meier curves
and cumulative hazard functions were examined graphically. If the
exploratory analysis showed that the shape of the cumulative
hazard was similar in both the treatment arms, then the two arms
were modelled together and a treatment indicator was included as
a predictor in the model; otherwise, each treatment arm was
modelled separately. Commonly used distributions including
exponential, Weibull, log-normal and log-logistic curves were
tested, and the fit of each was assessed both by using statistical
criteria (i.e., Akaike information criterion (AIC) and the Bayesian
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information criterion (BIC) (Cleves et al, 2002; Singer and Willett,
2003) and graphically by comparing the empirical and predicted
curves. Long-term predictions from the best-fitting distribution
were examined for clinical plausibility and compared with the
long-term prediction from the Weibull distribution. The Weibull
distribution was chosen for such comparisons because it is often

used as the first choice in modelling cancer survival (Muszbek et al,
2012).

To calculate mean OS from the fitted survival curve, two
different approaches were used. The first used the closed-form
solutions presented in Table 2 for calculating the area under the
extrapolated survival curve for selected distributions. In the second
approach, a survival cutoff time was applied by forcing the
predicted survival curve to 0 at different time points (i.e., 5, 10 or
15 years) to limit the effect of the long tail of the log-logistic or log-
normal distribution. The area under the truncated curve was then
calculated using the Riemann sum approximation technique (i.e.,
dividing the area under a curve into small rectangles, calculating
the area of each rectangle, and then summing up the areas to
approximate the area under the curve (Shilov et al, 1977)). This
second approach is commonly used in economic evaluations when
information on maximum survival is lacking and the extrapolated
survival curve has a long tail. Mean OS in patients treated with
afliberceptþ FOLFIRI vs patients treated with placeboþ FOLFIRI
alone were calculated and used to derive the difference in mean OS
between the two treatment groups.

Analyses were performed for the entire ITT population of
the VELOUR trial, as well as for the pre-defined subgroups of
prognostic interest, including ECOG PS0, no prior bevacizumab,
liver metastasis only and number of organ metastases p1.
Additional analyses were also done for ECOG PS 1 and prior
bevacizumab subgroups.

RESULTS

Fit of statistical distributions. According to AIC and BIC, the
log-logistic distribution was the best-fitting curve for the ITT
population and all subgroups for the aflibercept arm, and for ITT
and two subgroups for the placebo arm (Table 3). In the placebo
arm, the log-normal distribution provided the best fit for three
subgroups, followed by the log-logistic distribution; however,
differences in predicted survival times between the log-normal and
log-logistic models were minimal. In the placebo arm, for prior
bevacizumab subgroup, the Weibull distribution provided the
best fit.

Although the log-logistic distribution was found to provide the
best fit for all patients combined for both the treatment arms, the
shape of the curve (as determined by the shape parameter) differed
between the aflibercept and control arms. This finding was
supported by the observation that the ln(S/(1� S)) vs ln(time)
functions did not stay parallel and started to diverge towards the

Table 1. Patient characteristics and disease history

Characteristic Placebo/FOLFIRI
(N¼614)

Aflibercept/
FOLFIRI (N¼ 612)

ECOG PS, n (%)a

0 350 (57.0) 349 (57.0)
1 250 (40.7) 250 (40.8)
2 14 (2.3) 13 (2.1)

Prior bevacizumab, n (%)a

Yes 187 (30.5) 186 (30.4)
No 427 (69.5) 426 (69.6)

Gender, n (%)

Male 353 (57.5) 365 (59.6)
Female 261 (42.5) 247 (40.4)

Age, years

Median 61.0 61.0
Range 19–86 21–82

Primary site, n (%)

Colon 302 (49.2) 289 (47.2)
Rectosigmoid 136 (22.1) 123 (20.1)
Rectum 174 (28.3) 197 (32.2)
Other 2 (0.3) 3 (0.5)

No. of metastatic organs involved at baseline (excluding primary
site), n (%)

0 6 (1.0) 2 (0.3)
1 271 (44.1) 256 (41.8)
41 337 (54.9) 354 (57.8)

Metastatic organs involved at baseline (excluding primary site),
n (%)

Any site 608 (99.0) 610 (99.7)
Liver 431 (70.2) 459 (75.0)
Lung 277 (45.1) 271 (44.3)
Lymph nodes 181 (29.5) 173 (28.3)
Peritoneum 88 (14.3) 68 (11.1)

Liver metastasis, n (%)

None, or liver and other
metastases

468 (76.2) 459 (75.0)

Liver metastasis only 146 (23.8) 153 (25.0)

Prior hypertension, n (%) 268 (43.6) 266 (43.5)

Prior chemotherapy, n (%)

Adjuvant onlyb 64 (10.4) 60 (9.8)
Adjuvant and metastatic
disease

108 (17.6) 102 (16.7)

Metastatic disease 442 (72.0) 450 (73.5)

Abbreviations: ECOG PS¼Eastern Cooperative Oncology Group performance status;
FOLFIRI¼ irinotecan, leucovorin and infusional fluorouracil.
aECOG PS and prior bevacizumab status as provided at randomisation (stratification
variable).
bRelapse within 6 months of completion of oxaliplatin-based adjuvant therapy.

Table 2. Commonly used survival distributions in economic evaluation

S(t) Mean

Exponential Exp {� lt}
1
l

Weibull Exp {� ltg}
1
l

� �1=g

G
1
g
þ

�
1
�

Lognormal
1�+

InðtÞ�ðboþXJbxÞ
s

��
1
c
es

2=2

Loglogistic
1þ ctgf 1=g
h i�1 1

c
gp

sinðgpÞ

l¼exp(� (b0þXJbX)g). C¼exp(� b0�XJbX). g¼ shape parameter. G¼gamma function.
Ø¼ cumulative standard normal distribution. Expression for log-logistic mean applies to
go1.
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end of the follow-up period, and by the fact that applying the log-
logistic distribution for each treatment arm separately provided,
visually, a better fit compared with the log-logistic distribution with
the treatment arm as predictor (Figure 1A and B). Accordingly,
log-logistic distributions fitted for each treatment arm separately
provided the best fit to the empirical data. The fit of the log-logistic
distribution appeared good visually, as the empirical and predicted
curves were almost identical over the observed follow-up period
(Figures 1A, B, 2A and B). The Weibull distribution had a worse fit
to the observed Kaplan–Meier curve compared with that for the
log-logistic distribution, based on both visual inspection and
statistical criteria (Table 3, Figures 1A, B, 2A and B). Long-term OS

predictions from the log-logistic vs Weibull distributions for the
ITT population and pre-defined subgroups are presented in
Figures 3 and 4. The log-logistic and the log-normal distributions
have a longer tail than that of the Weibull distribution. The 5-year
survival rate for the ITT population assuming the log-logistic
distribution was 7.2% and 3.9% in aflibercept and placebo arms,
respectively, compared with 1.1% and 0.1% if the Weibull
distribution was assumed.

Mean overall survival

ITT. Assuming a separately fitted log-logistic distribution, the
mean overall survival over 15 years was estimated at 22.8 months
for afliberceptþ FOLFIRI and at 18.1 months for placeboþ
FOLFIRI leading to 4.7 months difference (95% CI: 2.1; 6.1). When
the Weibull distribution was assumed, the resulting difference in
mean OS over 15 years was 3.0 months (1.2; 4.2) (Table 4). Even
with the most conservative assumption (i.e., using the Weibull
distribution to project survival over the long term), the estimated
difference in mean OS was more than double that of the difference
of 1.44 months between the observed median survival times of the
two treatment arms. When the cutoffs of 5 and 10 years were
applied, the mean OS difference using log-logistic distribution was
3.0 and 4.2 months, respectively. Using the Weibull distribution,
the difference in mean OS between afliberceptþ FOLFIRI and
placeboþ FOLFIRI was 3.0 months, regardless of the cutoff used
for the analyses.

Subgroups. The greatest estimated mean survival gain over 15
years in patients treated with afliberceptþ FOLFIRI compared
with placeboþ FOLFIRI from the log-logistic model was in patients
with liver metastasis only (gain of 6.7 months (2.2–10.0)) and in
patients with no previous exposure to bevacizumab (6.7 months
(3.2–8.1)). In other pre-defined subgroups, estimated survival gain
over 15 years for afliberceptþ FOLFIRI from the same model
ranged from 4.6 months (0.6–7.7) in patients with at most one
organ with metastatic involvement to 5.7 months (1.9–7.6) in
patients with ECOG PS 0 at baseline. Using the best-fitting
distributions, the greatest estimated mean survival gain over 15
years in patients treated with afliberceptþ FOLFIRI compared
with those treated with placeboþ FOLFIRI was in patients with
liver metastasis only (gain of 7.6 months (2.4; 13.1)). As expected,
results from the Weibull model predicted lower survival gains in all

Table 3. Statistical fit of common distributions

ITT ECOG PS 0
No prior

bevacizumab
Liver Mets

One or less
organ metastases

Prior bevacizumab
use

ECOG PS 1

AIC BIC AIC BIC AIC BIC AIC BIC AIC BIC AIC BIC AIC BIC

Aflibercept

Weibull 1497.1 1505.9 763.4 771.1 1056.9 1065.1 354.2 360.2 571.0 578.1 439.7 446.1 634.9 641.9
Log-normal 1491.1 1500.0 752.0 759.7 1056.6 1064.7 348.5 354.6 568.7 575.8 434.3 440.8 626.1 633.2
Log-logistic 1479.7 1488.5 750.0 757.7 1048.0 1056.1 346.0 352.0 564.9 572.0 432.0 438.5 625.0 632.0
Exponential 1535.4 1539.8 802.2 806.1 1077.3 1081.3 367.8 370.8 595.9 599.5 458.6 461.9 651.7 655.2

Placebo

Weibull 1469.3 1478.2 755.0 762.7 997.0 1005.1 347.3 353.3 654.2 661.5 473.3 479.8 630.0 637.0
Log-normal 1469.1 1477.9 735.5 743.2 984.4 992.5 341.4 347.4 642.9 650.1 478.3 484.8 633.7 640.7
Log-logistic 1457.2 1466.0 739.2 746.9 978.4 986.5 343.8 349.8 647.9 655.2 475.8 482.3 627.8 634.9
Exponential 1549.7 1554.2 823.6 827.4 1065.6 1069.7 369.2 372.2 684.8 688.5 485.9 489.1 657.8 661.3

Abbreviations: AIC¼Akaike information criterion; BIC¼Bayesian information criterion; ITT¼ intention-to-treat. Bold values indicate best-fitting distribution.
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Figure 1. (A) Observed vs predicted OS (aflibercept ITT Population).
(B) Observed vs predicted OS (placebo ITT population).
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pre-defined subgroups compared with the log-logistic model, with
the smallest difference between treatment groups being 3.4 months
(0.5–5.8) in the subgroup of patients with ‘number of organs with
metastasis o¼ 1’ and largest being 5.1 months (1.9–7.9) in
patients with liver metastasis only.

For ECOG PS 1 subgroup, estimated survival gain over 15
years from log-logistic model was 2.2 months (� 1.1; 5.6)
compared with 1.5 months (� 0.2; 3.2) from the Weibull model,
and, for patients with prior bevacuzimab use, with the log-logistic
model it was 0.5 months (� 4.4; 5.5) and with the best fit it was
5.1 months (1.2; 9.0) compared with 1.4 months (� 0.8; 3.6)
(Table 4). It should be noted that for patients with prior

bevacizumab use in the placebo arm, the best fit was provided by
the Weibull distribution.

DISCUSSION

The understanding and treatment of mCRC have improved
considerably in recent years. Technological advances have led
both to better knowledge of tumour biology and appropriate
targeting of treatment in metastatic disease, with associated
improvements in survival. However, the assessment of the scale
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Figure 2. (A) Observed vs predicted OS for pre-defined subgroups of interest (aflibercept). (B) Observed vs predicted OS for pre-defined
subgroups of interest (placebo).
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of such benefits may be limited by the dependence on median
survival outcomes—in particular OS and PFS. The use of such
measures is well-established and likely to continue, as it offers
various advantages in cancer intervention trials. For instance,
median values are not affected by extreme, unrepresentative
results, and thus can give patients and clinicians a sense of typical
outcomes achieved with interventions. Inescapably, however, the
use of median OS overlooks people whose treatment benefit is such
that they remain alive long after study follow-up has finished.
Therefore, this approach may limit the assessment of the clinical
and health economic consequences of the interventions, analyses
that assess mean benefits and mean costs. In our study, we
attempted to find a credible and reproducible way of estimating
mean OS, given that it is not practical to extend follow-up
indefinitely in order to measure this parameter.

The need for such methodology is exemplified by the findings of
the VELOUR study. Here, there was a consistent separation of the
survival curves in the aflibercept (ziv-aflibercept in United States)
and control groups until the end of the follow-up period, with
evidence of improved survival in the former group at 18, 24 and

30 months. For example, 2-year survival rates were 28.0% in the
aflibercept arm and 18.7% in the control arm. Therefore, median
OS may not provide a full assessment of the efficacy of aflibercept,
as it cannot fully capture a potentially significant survival benefit
beyond the end of the trial.

The current study sought to address this issue by estimating
mean OS through parametric extrapolation of the study survival
curves. This is now considered a standard approach in cost-
effectiveness analyses for new oncolytics (Latimer, 2011). However,
such methodology can be fraught with difficulty, primarily related
to the considerable uncertainty regarding the potential events after
follow-up and, more specifically, around the handling of censored
data and the correct approach to parameterisation of survival
estimates. Hence, a meaningful and reliable mean estimation of OS
has to incorporate multiple statistical approaches and sensitivity
analyses to validate the findings. In this study, we applied a
systematic process of handling the survival data with multiple
approaches coupled with restrictive sensitivity analyses. Analyses
truncating OS curves at 5, 10 and 15 years resulted in 3.0, 4.2 and
4.7 months gain in mean OS, respectively, in patients treated with
afliberceptþ FOLFIRI compared with those treated with
placeboþ FOLFIRI. Additional analyses included parametric
survival fitting, where both arms were analysed together and
treatment was used as a predictor in the model. Estimated mean
OS gain over 15 years from the above-mentioned analysis was 2.5
months but with a worse fit of the data. These additional analyses
help to understand the potential range of the mean OS based on
the VELOUR trial and to increase the confidence around the
estimates.

Extrapolation of the study survival curve based on the log-
logistic distribution (the best-fitting approach) uses a long tail,
suggesting that a small proportion of patients survive for a long
time. This is in line with recent evidence from several observational
studies in mCRC (Sanoff et al, 2008; Adam et al, 2009; Masi et al,
2009). Survival curves published in these studies also had a long
tail, suggesting log-logistic or log-normal distributions of survival.
Similarly, in other areas of oncology, log-normal and log-logistic
distributions have also been shown to be appropriate for long-term
extrapolation of OS (Royston, 2001; Chapman et al, 2006;
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Christopherson et al, 2008), supporting the hypothesis advocated
initially by Boag in the 1940s that a small proportion of ‘survivors’
in the population can achieve long-term remission with treatment
(Boag, 1948, 1949).

With regards to the specific estimation of mean OS, it is
particularly notable that for the ITT population, regardless of the

distributional assumptions and computational methods, survival
advantage in OS was estimated to be at least 3 months for patients
treated with afliberceptþ FOLFIRI compared with those who
received placeboþ FOLFIRI.

As with any studies attempting to estimate measures with high
uncertainty, our study has associated limitations. In particular,

Table 4. Estimated Mean OS (treatment arms fitted separately)

Mean OS (months)

Placebo/
FOLFIRI

Aflibercept/
FOLFIRI

Difference
(95% CI)

ITT

Best fit: log-logistic 18.9 25.5 6.6 (2.4; 11.6)
Log-logistic with cutoff applied (15 years) 18.1 22.8 4.7 (2.1; 6.1)
Weibull 14.9 17.9 3.0 (1.2; 4.2)
Log-logistic with cutoff applied (5 years) 16.5 19.5 3.0 (1.2; 4.9)
Log-logistic with cutoff applied (10 years) 17.6 21.9 4.2 (1.7; 6.7)

ECOG PS 0

Best fit: log-normal for placebo/FOLFIRI, log-logistic for aflibercept/FOLFIRI with cutoff applied (15 years) 19.1 25.5 6.4 (2.4; 10.4)
Log-logistic 20.3 27.4 7.1 (2.1;12.8)
Log-logistic with cutoff applied (15 years) 19.8 25.5 5.7 (1.9; 7.6)
Weibull 17.0 20.8 3.8 (1.9; 5.7)
Log-logistic with cutoff applied (5 years) 18.4 22.2 3.8 (1.2; 6.4)
Log-logistic with cutoff applied (10 years) 19.5 24.7 5.2 (1.5; 8.9)

No prior bevacizumab

Best fit: log-logistic 18.2 28.0 9.8 (4.5; 16.5)
Log-logistic with cutoff applied (15 years) 17.6 24.3 6.7 (3.2; 8.1)
Weibull 15.1 18.8 3.7 (2.0; 5.4)
Log-logistic with cutoff applied (5 years) 16.4 20.3 3.9 (1.8; 6.1)
Log-logistic with cutoff applied (10 years) 17.4 23.2 5.8 (2.7; 8.9)

Liver metastasis only

Best fit: log-normal for placebo/FOLFIRI, log-logistic for aflibercept/FOLFIRI with cut-off applied (15 years) 15.7 23.3 7.6 (2.4; 13.1)
Log-logistic 17.1 25.0 7.9 (1.2; 16.1)
Log-logistic with cutoff applied (15 years) 16.5 23.3 6.7 (2.2; 10.0)
Weibull 14.1 19.2 5.1 (1.9; 7.9)
Log-logistic with cutoff applied (5 years) 15.4 20.4 5.0 (1.6; 8.6)
Log-logistic with cutoff applied (10 years) 16.3 22.6 6.3 (1.6; 11.3)

Number of organ with metastasis o¼1

Best fit: log-normal for placebo/FOLFIRI, log-logistic for aflibercept/FOLFIRI with cutoff applied (15 years) 20.1 25.7 5.7 (0.6; 10.9)
Log-logistic 22.5 28.0 5.5 (� 1.6; 13.6)
Log-logistic with cutoff applied (15 years) 21.1 25.7 4.6 (0.6; 7.7)
Weibull 17.1 20.5 3.4 (0.5; 8.1)
Log-logistic with cutoff applied (5 years) 18.7 22.1 3.4 (0.3; 6.5)
Log-logistic with cutoff applied (10 years) 20.5 24.8 4.3 (0.0; 8.8)

ECOG PS 1

Best fit: Log-logistic 15.5 18.3 2.8 (� 1.5; 7.6)
Log-logistic with cutoff applied (15 years) 14.9 17.1 2.2 (� 1.1; 5.6)
Weibull 12.3 13.8 1.5 (� 0.2; 3.2)
Log-logistic with cutoff applied (5 years) 13.8 15.3 1.6 (� 0.8; 3.9)
Log-logistic with cutoff applied (10 years) 14.6 16.6 2.0 (� 1.1; 5.2)

Prior bevacizumab use

Best fit: Weibull for placebo/FOLFIRI, log-logistic for aflibercept/FOLFIRI with cutoff applied (15 years) 14.5 19.5 5.1 (1.2; 9.0)
Loglogistic 20.9 20.7 �0.3 (� 8.2; 6.8)
Log-logistic with cutoff applied (15 years) 19.0 19.5 0.5 (� 4.4; 5.5)
Weibull 14.5 15.9 1.4 (� 0.8; 3.6)
Log-logistic with cutoff applied (5 years) 16.6 17.6 1.0 (� 2.3; 4.2)
Log-logistic with cutoff applied (10 years) 18.4 19.1 0.7 (� 3.7; 5.0)
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when distribution models are generated and applied to estimate
survival, and regardless of how well they appear to predict
outcome, their results are ultimately speculative and uncertain. In
that regard, they suffer somewhat by comparison with median
survival outcomes, which, despite their limitations, are easily
calculated and understood as a stand-alone measure. Furthermore,
mean OS calculated by the type of parametric methods we have
illustrated must be accompanied by explanation and justification of
the approach used. As the choice of an extrapolation technique
clearly has the potential to vary from study to study (let alone from
one disease to another), this raises obvious questions about the
robustness and transferability of the generated data. The use of a
single source of data also limits wider interpretation, and the
results could be strengthened by further applications of the
methodology to mCRC and other cancer intervention trials
(Connock et al, 2011). Finally, there is the argument that mean
OS itself can be potentially an unrepresentative measure
in situations where a very small number of people live for a very
long time but the vast majority do not. However, a response to this
is that mean and median values of OS both provide useful
information on clinical benefits for patients, depending on the
specific issues under consideration. Further lines of treatment
could also potentially affect the OS estimates. However, in the
VELOUR trial, B32% of patients in each treatment arm (placebo
arm 32.1%; aflibercept arm 31.9%) received further treatment with
biologics. Cetuximab and bevacizumab (which, as the potentially
effective third-line treatments, could have affected OS) had a
similar distribution between the treatment arms (9.0% and 12.2%
of patients received bevacizumab in the aflibercept and placebo
arms, respectively; 17.6% and 14.8% of patients received cetuximab
in the aflibercept and placebo arms, respectively).

In summary, the mean overall survival gains from aflibercept in
patients with previously treated mCRC in the VELOUR trial were
estimated to be at least 3 months (using a 5-year cutoff). We
believe that our study presents a robust and comprehensive
estimation of the added benefit with respect to mean OS. These
findings provide payers, health economists and clinicians with a
broader evidence base for assessing potential benefits of the drug
and may have important implications for both clinical and
economic decision-making in mCRC.
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