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Background: In resectable rectal cancer trials, pathological parameters are early preoperative treatment efficacy

measures. Their validation as surrogate end points for long-term clinical outcomes would allow to reduce trial duration.

The aim was to evaluate potential surrogates for overall survival (OS) and local control (LC) in preoperative T3/T4 rectal

cancer trials. Candidate variables included ypT and ypN stages, T downstaging, tumor regression grade (TRG), and

circumferential resection margin (CRM) status.

Patients and methods: In the Fédération Francophone de Cancérologie Digestive (FFCD) 9203 trial, 742 eligible

patients were randomly assigned to receive preoperative radiotherapy with or without concurrent chemotherapy.

Surrogacy was evaluated using Prentice criteria and the proportion of treatment effect (PTE) explained by each

potential surrogate.

Results: None of the candidate surrogates fulfilled all Prentice criteria. Data analyses did not provide interpretable

PTE measures for OS. Regarding LC, the highest PTE was reached by TRG, which explained 12% of the effect on

local recurrence. This proportion may not exceed 41% [95% confidence interval (CI) 21% to 41%]. PTE explained by

the CRM status was associated with a wide uncertainty (95% CI 281% to 105%), which does not exclude a potentially

high degree of surrogacy.

Conclusion: In the FFCD 9203 trial, pathological parameters were not surrogate for OS or LC.
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introduction

Overall survival (OS) remains the gold standard end point for
the evaluation of a novel therapy in phase III cancer clinical
trials [1]. It is an objective and clinically meaningful end point
that is expected to measure the survival gain offered by the
experimental treatment.

In T3/T4 resectable rectal cancers, where preoperative
radiotherapy (RT) with concurrent chemotherapy (CT) has
become the standard strategy, OS may require long follow-up
times and large numbers of patients. For instance, >10 years
were required for the Fédération Francophone de Cancérologie
Digestive (FFCD) 9203 trial [2] and the European Organisation
for Research and Treatment of Cancer (EORTC) 22921 trial [3]
to include and follow their patients. Extensive follow-up and
inclusion periods delay the conclusions of the trial and the

dissemination of the potentially effective new treatment in
current practice [4].

Another drawback to using long-term outcomes is the risk of
confounding effect from subsequent therapies [5]. This has
been investigated for the evaluation of first-line CTs in
advanced colorectal cancer because of the availability of further
lines and the potential effect of crossover on the primary end
point [6, 7]. In rectal cancer, OS may reflect the effect of pre-
and postoperative treatments, and possible subsequent lines.

Locoregional relapse is the predominant form of treatment
failure considered by radiotherapists. Then, local control (LC)
is another standard end point used in rectal clinical trials [8].
Although relapses can be observed sooner than deaths, this end
point remains time consuming [8].

To use an earlier end point to conclude on the efficacy of
a new treatment would allow to reduce the duration of the
studies and would be supposed to evaluate with better
specificity the proper effect of the experimental treatment.

Glynne-Jones et al. [8] have thoroughly reviewed the end
points usually recorded in rectal cancer trials comparing
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preoperative strategies, to identify possible alternative end
points, based on evidence from phase II and phase III trials. In
addition to survival and LC, they discussed pathological
parameters such as the circumferential resection margin (CRM)
and measures of the degree of response to chemoradiation.
Pathological parameters seem interesting end points for the
reason that they are rapidly assessable and able to reflect the
specific effect of the preoperative treatment.

Nevertheless, before being used as primary end point in
a trial, these alternative end points should be validated as
surrogate for the clinical end point it is supposed to substitute
for. Prior specific statistical validation is required [9, 10] to
ensure that conclusion drawn from the surrogate reflects
clinical benefit for the patients. Indeed, several examples
showed in the past that decision regarding a new treatment
based on an intermediate event can lead to wrong conclusions
concerning the final end point [11].

Based on the FFCD 9203 trial, the aim of this study was to
evaluate the surrogacy value of some pathological parameters to
substitute for OS or LC in T3/T4 neoadjuvant rectal cancer
clinical trials. Candidate surrogates were ypT and ypN stages, T
downstaging, tumor regression grade (TRG), and CRM status.
We also evaluated time to local recurrence and time to
progression as surrogates for OS.

patients and methods

the FFCD 9203 trial
Our analyses were based on the FFCD 9203 trial whose design and results

were detailed previously [2]. Patients were eligible if they presented a T3/

T4, Nx, M0 histologically confirmed, previously untreated rectal

adenocarcinoma accessible to digital rectal examination. They were younger

than 75 years with a World Health Organization performance status of 0 or

1. They were randomly allocated to either preoperative radiation alone or

concurrent RT–CT from April 1993 to November 2003.

Evaluation of the extent of the disease, including preoperative imaging,

was described previously [2]. Tumor staging was clinical. The total dose of

the preoperative RT was 45 Gy delivered in 25 fractions during 5 weeks.

Concurrent CT with fluorouracil 350 mg/m2/day during 5 days, together

with leucovorin, was administered during the first and fifth week in the

experimental arm. Surgery was planned 3–10 weeks after the end of RT

(with or without CT). All patients were scheduled to receive adjuvant CT

with the same fluorouracil/leucovorin regimen (four cycles).

A total of 742 patients were eligible. The median follow-up time was 81

months (range 17–145 months). The results showed significant treatment

effect neither on OS (5-year OS rate: 67.9% in the RT arm versus 67.4% in

the RT–CT arm, PLog-Rank = 0.68) nor on progression-free survival (PFS; 5-

year PFS rate: 55.5% in the RT arm versus 59.4% in the RT–CT arm, PLog-

Rank = 0.73). Among the 674 patients who underwent a macroscopically

complete resection (R0–1), the 5-year cumulative local recurrence rate was

16.5% in the RT arm and 8.1% in the RT–CT arm (P = 0.004), which was

presented as the major clinically relevant result of the trial. The pathological

sterilization rate was significantly higher in the RT–CT arm (11.4% versus

3.6%, P <0.0001) [2].

definitions of the end points
OS and time to local recurrence (LC) were the final end points for which we

tested potential surrogates. We also looked for time to local recurrence and

time to progression as surrogates for OS.

OS was defined as time from randomization to death from any cause.

Alive patients were censored at the last follow-up. Time to local recurrence

was defined as time from randomization to the first local recurrence with or

without associated distant metastasis. Patients without local recurrence

were censored at the last follow-up. Local recurrence was defined as any

clinically proven tumor relapse within the pelvis or perineum and was

calculated among patients who underwent a gross complete resection

(R0–1). Time to progression was defined as time from randomization to

any first local or distant relapse of cancer.

The pathological stage (ypT or ypN) was recorded according to the

International Union Against Cancer TNM (tumor–node–metastasis)

system. Tumor regression was staged into three categories: sterilized

specimen (no visible cancer cells, corresponding to a ypT0 stage), few

residual isolated tumor cells, or residual evolutive tumor. The CRM,

measured according to each pathological laboratory technique, was

considered as positive if the microscopic tumor extension reached the

margin. Central quality control for pathological examinations was not

carried out.

statistical methods
To evaluate the statistical validity of the candidate variables as surrogates

for OS and time to local recurrence, we used single-trial validation

methods: Prentice criteria [12] and Freedman’s proportion of treatment

effect (PTE) explained by the surrogate [13]. They are supposed to translate

into statistical terms the fact that the candidate surrogate is an intermediate

variable in the course of the disease from diagnosis to death, and that the

effect of the treatment on this variable is responsible for the effect observed

on the final end point. That is why after adjustment for such an

intermediate variable, the effect of the treatment on the final end point is

expected to statistically disappear (effect fully captured by the surrogate,

Prentice approach) or diminish (PTE measure).

According to Prentice method, a surrogate is validated if it fulfills

a set of four conditions [14]: (i) treatment has a significant effect on the

surrogate; (ii) treatment has a significant effect on the final end point. In

the corresponding Cox model, the parameter b associated with the

treatment variable is different from zero; (iii) the surrogate has

a significant effect on the final end point. When the final end point is

OS, this means that the surrogate has a significant prognostic value; (iv)

adjusting for the surrogate, treatment effect on the final end point is no

longer significant. In the corresponding Cox model with both the treatment

and the surrogate as covariables, the parameter associated with the

treatment variable (bS) is equal to zero. In Cox regressions modeling OS,

local recurrence and progression were considered as time-dependent

covariables.

To quantify the PTE on the final end point that can be attributed to its

effect on the candidate surrogate, PTE was calculated for each potential

surrogate after checking for no interaction between the treatment and the

candidate surrogate. PTE is equal to 1 2 bS/b. The 95% confidence interval

(CI) of the PTE was estimated with a bootstrap method (1000 samples). A

variable would be considered as an acceptable surrogate if the lower bound

of the 95% CI is higher than 0.5 [13].

Categorical variables were described using frequency and percent, and

compared using Fisher’s exact tests. The survival curves were estimated with

the Kaplan–Meier method and compared with the log-rank test. The Cox

proportional hazards model was used to estimate hazard ratios (HRs). All

tests were two sided.

results

patient characteristics

Baseline patient characteristics were well balanced between the
two treatment groups (Table 1).
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effect of treatment on the candidate surrogates

Regression grade significantly differed between the two
treatment arms. The rates of ‘complete sterilized specimen’ and
‘few residual cancer cells’ were both increased in the RT–CT
arm (11.4% versus 3.6% and 18.7% versus 10.3%, respectively),
whereas the modality ‘evolutive residual cells’ was lower (67.1%
versus 84.4%; P <0.0001 overall). The distribution of the ypT
stage differed significantly between the two groups, with
a higher proportion of ypT0 and a lower proportion of ypT3 in
the RT–CT group as compared with the RT arm (P <0.0001
overall). There were no differences in the rate of ypN0 stage,
neither in the rate of negative CRM (Table 2).

effect of treatment on the final end points

A total of 124 deaths occurred in the RT group and 128 in the
RT–CT group. The 5-year OS rate was 67.9% in the RT arm
and 67.4% in the RT–CT arm (PLog-Rank = 0.68). The univariate
HR for death in the RT–CT group was 1.05 (95% CI 0.82–1.35)
so that the condition 2 in Prentice method was not satisfied.

Among the 674 patients who underwent a macroscopically
complete resection, 49 local recurrences were observed in the
RT arm and 25 in the RT–CT arm. The 5-year local recurrence-
free time rates were, respectively, 84% and 92% (PLog-Rank =
0.0035). The HR for local recurrence in the RT–CT group was
0.50 (95% CI 0.31–0.80).

effect of the potential surrogates on OS and LC

In univariate analysis, several of the candidate variables we
tested for surrogacy revealed prognostic value for death and for
local recurrence (Table 3; Figures 1 and 2). Macroscopically
incomplete resection, local recurrence, and progression were
highly predictive of death (HROS = 5.7, 8.8, 16.3, respectively, P
<0.0001). TRG, ypT and ypN stages, and T downstaging were
also significantly associated with OS and time to local
recurrence, whereas CRM status did not reach statistical
significance (HROS = 1.47, P = 0.18 and HRTime-to-local recurrence

= 1.81, P = 0.15). Adjustment for treatment had no influence
on these associations (data not shown).

Prentice’s fourth criterion and PTE

The fourth condition in Prentice method requires treatment
effect to become nonsignificant after adjustment for the
surrogate. Without adjustment for the surrogate, treatment
effect on OS is already nonsignificant, so that this condition
could not be validated. Furthermore, the very-close-to-zero
value of the corresponding Cox parameter did not allow any

Table 1. Baseline patient characteristics

RT group

(n = 367)

RT–CT group

(n = 375)

n % n %

Age, years

Median 63 64

Range 27–79 28–81

Sex ratio (male/female) 1.98 1.95

World Health Organization

performance status

0 230 62.7 226 60.3

1 121 33.0 139 37.1

Location, cm from anal verge

0–5 183 49.9 192 51.2

>5 178 48.5 180 48.0

Clinical stage

T3 314 85.6 332 88.5

T4 41 11.2 37 9.9

RT, radiotherapy; RT–CT, radiotherapy and chemotherapy.

Table 2. Surgical procedures and pathological staging

RT group RT–CT group P value

n % n %

Eligible patients 367 375

Surgery

Yes 360 98.1 359 95.7 0.16

No 4 1.1 11 3.0

Missing data 3 0.8 5 1.3

Patients undergoing surgery 360 359

Gross complete resection

Yes (R0–1) 336 93.3 338 94.2 0.79

No (R2) 20 5.6 15 4.2

No resection 3 0.8 5 1.4

Missing data 1 0.3 1 0.3

Tumor regression

Complete sterilized

specimen

13 3.6 41 11.4 <0.0001

Few residual cells 37 10.3 67 18.7

Evolutive residual cells 304 84.4 241 67.1

Missing data 6 1.7 10 2.8

T stage

ypT0 13 3.6 41 11.4 <0.0001

ypT1 27 7.5 14 3.9

ypT2 86 23.9 98 27.3

ypT3 225 62.5 197 54.9

Missing data 9 2.5 9 2.5

T downstaginga

Yes 156 43.3 170 47.4 0.48

No 186 51.7 175 48.8

Missing data 18 5.0 14 3.9

N stage

ypN0 234 65.0 239 66.6 0.85

ypN1–2 122 34.0 117 32.6

Missing data 4 1.1 3 0.8

Patients with gross complete

resection (R0–1)

336 338

CRMb

Negative 188 56.0 185 54.7 0.13

Positive 23 6.8 21 6.2

Not assessable 83 24.7 69 20.4

Missing data 42 12.5 63 18.6

CRM, circumferential resection margin; RT, radiotherapy; RT–CT,

radiotherapy and chemotherapy.
aT was considered dowstaged when ypT stage (from 0–3) was lower than

clinical stage (3 or 4).
bConsidered as positive if the microscopic tumor extension reached the

margin.

original article Annals of Oncology

520 | Methy et al. Volume 21 | No. 3 | March 2010

 at B
ibliotheque de L

'U
niv de B

ourgogne on A
pril 11, 2013

http://annonc.oxfordjournals.org/
D

ow
nloaded from

 

http://annonc.oxfordjournals.org/


reliable and interpretable estimation of the PTE for OS (data
not shown).

Concerning LC, treatment effect remained significant after
adjustment for each of the candidate surrogates, so that the
fourth Prentice condition was not fulfilled (Table 4). The lower
bound of the 95% CI of the PTE was far from 0.5 for each
variable. The highest proportion was reached by tumor
regression, with a PTE equal to 12.1%. In regards to the 95%
CI, tumor regression may not explain more than 41% of the
treatment effect on LC (95% CI 20.9% to 40.7%). Although
the CRM status captured only 4.9% of the treatment effect on
LC in this trial, this estimation was associated with a large 95%
CI that includes 100% (280.7% to 105.3%), which does not
exclude the hypothesis of a potentially high degree of surrogacy
(Table 4).

discussion

Based on our dataset, ypT and ypN stages, T downstaging,
CRM status, and TRG were not validated as surrogates for OS
or LC. None of them fulfilled the four Prentice criteria, and
each PTE was far from the critical value of 0.5 required for the
lower bound of the 95% CI [13]. With a PTE equal to 12.1%,
tumor regression was found to explain the highest proportion
of the treatment effect observed on LC. This means that the
positive effect of the experimental treatment on LC in this trial
was not completely due to its effect through the regression of
the tumor or to any other single pathological parameter. In
regards to the 95% CI, tumor regression may not contribute to
>41% of the effect on LC (PTE 95% CI 20.9% to 40.7%). On
the contrary, the PTE explained by the CRM status may reach
100% (PTE 95% CI 280% to 105%), so that a good surrogacy
value of the CRM cannot be rejected.

To our knowledge, this is the first statistical study that
evaluates potential surrogates for preoperative treatment for
rectal cancers. Nevertheless, our study should be viewed as an
exploratory and preliminary work, and results must be
interpreted with caution.

Initiated in 1992, our trial reported the CRM status as
positive or negative using the cut point of 0 mm. A definition
of £1 mm to indicate an involved margin is now advised [8,
15]. This may partly explain why CRM was not statistically
significantly associated with local recurrence. Studies carried
out with this larger cut-off will allow to better assess surrogate
capability of the CRM status. There was also a large proportion
of patients for whom the CRM status was not assessable or
missing (257 of 674), which contributed to the width of the CI.
The fact that the scoring of the CRM was not standardized [2]
also weakened our findings. Nonetheless, it does not contradict
the hypothesis that the CRM status may be the most relevant
early pathological parameter to be used as an alternative end
point in preoperative rectal cancer trials [8].

In the present study, regression was assessed according to
a three-modality scale [complete sterilization (ypT0), few
residual cells, and evolutive residual cells]. Nevertheless, there is
currently different ways to define a complete pathological
response (ypT0, ypT0 plus ypTmic, or ypT0N0) [16] and no
established system of classification of the tumor regression
grade [8]. The low proportions of treatment effect explained by
these end points confirm that there are other events not
mediated through the achievement of a complete pathological
response [8].

The fact that no central quality control for pathological
examinations was carried out in the FFCD 9203 trial may have
added some variability in the assessment of the pathological
parameters. Examination of pathological parameters following

Table 3. Prognostic value of the potential surrogate end points (univariate analysis)

Candidate surrogate end point Dependent variable

OSa Time to local recurrenceb

HR (95% CI) P HR (95% CI) P

Progressionc, yes versus No 16.3 (12.2–21.7) <0.0001 – –

Local recurrenceb,c, yes versus no 8.76 (6.38–12.0) <0.0001 – –

Resectiond, R2 versus R0—1 5.71 (4.67–9.54) <0.0001 – –

Tumor regressiond

Complete sterilization (i) 0.67 (0.38–1.18) 0.16 0.43 (0.13–1.36) 0.15

Few isolated residual cells (ii) 0.68 (0.45–1.02) 0.06 0.51 (0.24–1.12) 0.09

Evolutive residual cells (iii) Reference Reference

(i, ii) versus iii 0.68 (0.48–0.95) 0.025 0.48 (0.25–0.94) 0.033

YpT staged, ypT3 versus ypT0—2 2.44 (1.80–3.29) <0.0001 2.93 (1.68–5.09) <0.0001

T downstagingd,e, yes versus No 0.58 (0.44–0.75) <0.0001 0.45 (0.27–0.73) 0.0013

YpN staged, ypN+ versus ypN0 2.16 (1.67–2.81) <0.0001 2.18 (1.37–3.45) 0.0010

CRMb,f, positive versus Negative 1.47 (0.83–2.58) 0.18 1.81 (0.81–4.08) 0.15

CI, confidence interval; CRM, circumferential resection margin; HR, hazard ratio; OS, overall survival.
aCalculated among all eligible patients (n = 742).
bCalculated among patients with gross complete resection (n = 674).
cIntroduced in the Cox model as time-dependent variable.
dLimited to patients undergoing surgery (n = 719).
eT was considered dowstaged when ypT stage (from 0–3) was lower than clinical stage (3 or 4).
fConsidered as positive if the microscopic tumor extension reached the margin.
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preoperative treatments may be affected by intra- and
interobserver variability. Lack of standard procedures and
analysis techniques has been reported for the evaluation of
a complete pathological response and the scoring of residual
cancer [8, 16, 17], such as for the determination of the CRM
status [8, 15]. The time interval between completion of the
preoperative treatment and surgery was also said to influence
pathological response rate [16, 18], downstaging or CRM [19].
These sources of variability represent current limitations for the
demonstration of a surrogacy value because precision and
reproducibility of a surrogate are important points that
contribute to its relevance [20].

Such difficulties also appear with the so-called LC end point
because local recurrence may be difficult to establish and lacks
standardized definition and method of reporting [8]. For
example, the FFCD 9203 trial reported local recurrence among

eligible patients with R0–1 resection, whereas the EORTC
22921 reported local recurrence among all randomized
patients. Another important general issue is the surveillance
interval to check for relapse, which is known to influence the
corresponding results [21].

Most of the variables we tested were prognostic for OS and
local recurrence in univariate analyses. A correlation between
the candidate surrogate and the final end point is not sufficient
to make a surrogate [11], even if the correlation is perfect [22].
It gives information on the individual-level surrogacy [14] but
does not provide evidence that an effect of the treatment on the
intermediate variable will translate into an effect on the final
end point.

The methodology we used aims at verifying that the
candidate surrogate is an intermediate variable that captures
all—or a sufficiently high proportion of—treatment effects. It is
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Figure 1. Prognostic value of ypT stage (A) and tumor regression grade (B) for overall survival.
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thus expected that, in a future trial using an agent of the
same class, an effect on the surrogate would translate into an
effect on the final end point. This approach has the

advantage of being implementable on the basis of one single
trial but showed conceptual limits and was criticized [14, 23–
25].

By contrast, combining results from several completed trials,
the meta-analytical methodology for the evaluation of
a surrogate end point allows to establish the trial-level
surrogacy [23] and to estimate the predicted effect on the final
end point based on the observed effect on the surrogate. This
approach allows to verify if the surrogate can be ‘‘expected to
predict clinical benefit’’ [26] but requires the integration of
several completed trials. Disease-free survival (DFS) in
adjuvant colon cancer trials [27, 28] and PFS in advanced
colorectal cancer trials [7] were validated that way as
surrogates for OS. Results concerning DFS in the adjuvant
setting seemed to extrapolate to rectal cancer [29]. The
meta-analytic technique allows robust validations; in this
way, we have planned to reevaluate the surrogacy value of
the early pathological parameters using this approach.
This work is currently done using a trial from the
EORTC [3].

To validate surrogate end points aims at ensuring that
treatment effect on the surrogate is predictive of an
improvement in a clinically relevant outcome for the patient,
mainly in terms of OS. Nevertheless, a surrogate can also be
considered as a clinically relevant end point in itself. This was
argued for PFS in metastatic colorectal cancers [30] and for
DFS in colon and rectal cancers [8]. Based on clinical and
statistical considerations, DFS is advised as a primary end point
in the neoadjuvant setting and CRM as a secondary end point
[8], although formal statistical validation study remains to be
done in this particular setting.

This preliminary work did not allow to validate any surrogate
end point for either OS or LC for the preoperative treatment
for rectal cancers. Results require confirmation with other
datasets, in particular for the CRM status. The nonsignificant
effect on OS generally observed in the different rectal
neoadjuvant trials adds to the need for a meta-analytical
validation approach.

Table 4. Prentice criteria and PTE for local control, among patients with gross complete resection (n = 674)

Candidate surrogate end point (S) for time to local recurrence

ypTa ypT0 T downstagingb ypN CRMc Tumor regressiona

Treatment effect on local recurrence (RT–CT versus RT)

HR (95% CI) 0.50 (0.31 to 0.80)

b 20.70

P 0.004

Treatment effect on local recurrence, adjusted for S (RT–CT versus RT)

HR (95% CI) 0.52 (0.32 to 0.84) 0.52 (0.32 to 0.83) 0.52 (0.32 to 0.84) 0.51 (0.32 to 0.83) 0.52 (0.27 to 0.97) 0.54 (0.33 to 0.88)

bS 20.66 20.67 20.66 20.67 20.67 20.62

P 0.008 0.007 0.008 0.007 0.041 0.013

PTE (%) = 1 2 bS/b
(95% CI)

6.8 (28.8 to 28.7) 4.9 (26.6 to 16.8) 6.2 (24.7 to 26.4) 4.8 (26.4 to 24.7) 4.9 (280.7 to 105.3) 12.1 (20.9 to 40.7)

b and bS, Cox coefficients; CI, confidence interval; CRM, circumferential resection margin; HR, hazard ratio; PTE, proportion of treatment effect; RT,

radiotherapy; RT–CT, radiotherapy and chemotherapy.
aIntroduced in Cox models as dichotomous covariables.
bT was considered dowstaged when ypT stage (from 0–3) was lower than clinical stage (3 or 4).
cConsidered as positive if the microscopic tumor extension reached the margin.
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Figure 2. Prognostic value of ypT stage (A) and tumor regression grade

(B) for local recurrence-free time, among patients with gross complete

resection (R0–1).
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substitution. Médecine Thérapeutique 2006; 12: 96–103.

21. Panageas KS, Ben-Porat L, Dickler MN et al. When you look matters: the effect

of assessment schedule on progression-free survival. J Natl Cancer Inst 2007;

99: 428–432.

22. Baker SG, Kramer BS. A perfect correlate does not make a surrogate. BMC Med

Res Methodol 2003; 3: 16.

23. Buyse M, Molenberghs G, Burzykowski T et al. The validation of surrogate

endpoints in meta-analyses of randomized experiments. Biostatistics 2000; 1:

49–67.

24. Berger VW. Does the Prentice criterion validate surrogate endpoints? Stat Med

2004; 23: 1571–1578.

25. Collette L, Buyse M, Burzykowski T. Are prostate-specific antigen changes valid

surrogates for survival in hormone-refractory prostate cancer? A meta-analysis is

needed! J Clin Oncol 2007; 25: 5673–5674; author reply 5674.

26. Biomarkers Definitions Working Group. Biomarkers and surrogate endpoints:

preferred definitions and conceptual framework. Clin Pharmacol Ther 2001; 69:

89–95.

27. Sargent DJ, Wieand HS, Haller DG et al. Disease-free survival versus overall

survival as a primary end point for adjuvant colon cancer studies: individual

patient data from 20,898 patients on 18 randomized trials. J Clin Oncol 2005;

23: 8664–8670.

28. Sargent DJ, Patiyil S, Yothers G et al. End points for colon cancer adjuvant trials:

observations and recommendations based on individual patient data from

20,898 patients enrolled onto 18 randomized trials from the ACCENT Group. J

Clin Oncol 2007; 25: 4569–4574.

29. Burzykowski T, Buyse M, Yothers G et al. Exploring and validating

surrogate endpoints in colorectal cancer. Lifetime Data Anal 2008; 14: 54–64.

30. Yothers G. Toward progression-free survival as a primary end point in advanced

colorectal cancer. J Clin Oncol 2007; 25: 5153–5154.

original article Annals of Oncology

524 | Methy et al. Volume 21 | No. 3 | March 2010

 at B
ibliotheque de L

'U
niv de B

ourgogne on A
pril 11, 2013

http://annonc.oxfordjournals.org/
D

ow
nloaded from

 

http://annonc.oxfordjournals.org/

