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A B S T R A C T

Background
Overall survival (OS) can be observed only after prolonged follow-up, and any potential effect of
first-line therapies on OS may be confounded by the effects of subsequent therapy. We
investigated whether tumor response, disease control, progression-free survival (PFS), or time to
progression (TTP) could be considered a valid surrogate for OS to assess the benefits of first-line
therapies for patients with metastatic breast cancer.

Patients and Methods
Individual patient data were collected on 3,953 patients in 11 randomized trials that compared an
anthracycline (alone or in combination) with a taxane (alone or in combination with an anthracy-
cline). Surrogacy was assessed through the correlation between the end points as well as through
the correlation between the treatment effects on the end points.

Results
Tumor response (survival odds ratio [OR], 6.2; CI, 5.3 to 7.0) and disease control (survival OR, 5.5;
CI, 4.8 to 6.3) were strongly associated with OS. PFS (rank correlation coefficient [�], 0.688; CI,
0.686 to 0.690) and TTP (�, 0.682; CI, 0.680 to 0.684) were moderately associated with OS.
Response log ORs were strongly correlated with PFS log hazard ratios (�, 0.96; CI, 0.73 to 1.19).
Response and disease control log ORs and PFS and TTP log hazard ratios were poorly correlated
with log hazard ratios for OS, but the confidence limits of � were too wide to be informative.

Conclusion
No end point could be demonstrated as a good surrogate for OS in these trials. Tumor response
may be an acceptable surrogate for PFS.

J Clin Oncol 26:000-000. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Overall survival (OS) is viewed as the end point of
choice to assess the efficacy of new treatments in
advanced breast cancer. However, the analysis of
OS requires prolonged follow-up of all patients,
thereby delaying the evaluation of highly promis-
ing new therapies that will often find their most
cost-effective use in the adjuvant setting. In addi-
tion, any potential effect of first-line therapies on
OS may be diluted (but possibly not eliminated)
by the effects of subsequent therapy with agents
that have activity against breast cancer. It is, there-
fore, important to investigate whether other clin-
ical end points, such as tumor response, disease
control, progression-free survival (PFS), or time

to progression (TTP), could replace OS as the
primary end point in randomized trials for the
first-line chemotherapy of patients with advanced
breast cancer.

To address this question, we utilized random-
ized trials of first-line treatment for advanced breast
cancer; three trials compared a single-agent taxane
with a single-agent anthracycline, and eight further
trials explored the value of combining taxanes and
anthracyclines.1-11 Individual patient data from
these 11 trials were collected and reanalyzed. The
results of this meta-analysis and a more detailed
description of the trials are published in a compan-
ion paper (Piccart-Gebhart et al, manuscript sub-
mitted for publication). In this article, we quantify
the relationships of tumor response, disease control,
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PFS, and TTP as candidates for surrogate end points for OS by using
data from the same set of trials.

PATIENTS AND METHODS

Trials

The 11 randomized trials either compared anthracycline-taxane combi-
nation regimens versus anthracycline-based regimens or compared single-
agent anthracycline versus single-agent taxane regimens for the first-line
treatment of metastatic breast cancer (Piccart-Gebhart et al, manuscript sub-
mitted for publication; Table 1).

Data

The following data items were collected for all individual patients
included in all trials: center, random assignment date, date of last observa-
tion (or date of death, if patient died), survival status, cause of death, tumor
response (according to the WHO criteria12), date of tumor response, date
of progression, progression status, number of organs involved at entry,
visceral disease at entry (defined as predominantly visceral, if available, or
as lung and/or liver), and estrogen receptor status at entry (defined as
positive or negative according to each center’s or trial’s policy). PFS was
calculated from the date of random assignment to the date of disease
progression or death as a result of any cause; observations of patients who
were alive without progression at the end of their follow-up (including
those who received subsequent anticancer therapy in the absence of docu-
mented disease progression) were considered censored observations. TTP
was calculated from the date of random assignment to the date of disease
progression or death caused by the disease; observations of patients who
were alive without progression at the end of their follow-up (including
those who received subsequent anticancer therapy in the absence of docu-
mented disease progression) and patients who died as a result of causes not
related to the disease were considered censored observations. Survival was
calculated from date of random assignment to the date of death as a result
of any cause; observations of patients who were alive at the end of their
follow-up were considered censored observations. Because the informa-
tion on the date of tumor response or disease stabilization was not available
for all trials, disease control was defined as the achievement of a complete
response, a partial response, or stable disease that had a TTP greater than
6 months.

Validation Strategy

The validity of surrogate end points (tumor response, disease control,
PFS, and TTP as surrogates for survival and tumor response as a surrogate for
PFS) was investigated through measures of association between the end points
and through a joint model to estimate trial-specific treatment effects on these
end points.13 The log odds ratio (OR) was used to quantify the effect of
treatment on response or on disease control, and the log hazard ratio (HR) was
used to quantify the effect of treatment on PFS, TTP, and OS. The association
of treatment effects was analyzed by using linear regression. The correlation
coefficient was adjusted for the presence of the estimation error in treatment
effects by using an error-in-variables linear regression model.14

The association between end points (ie, individual patient outcomes) is
related to the prediction of the end point of choice (eg, OS) from the surrogate
end point (eg, PFS) for an individual patient. The stronger the association, the
better the precision of the prediction is and the more valid the surrogate is at
the individual patient level, as it allows for a reliable replacement of the end
point of choice by the surrogate. However, this association merely captures the
prognostic aspect of a surrogate.

The association between treatment effects (differences in average out-
comes for treated and control patients) is related to the prediction of the
treatment effect on the end point of choice (eg, log HR for OS) from the effect
on surrogate (eg, log HR for PFS) at the trial level. Again, the stronger the
association, the more valid the surrogate is at the trial level, as it allows for a
more precise prediction of the treatment effect. In fact, it is this prediction that
is of most interest: one would like to decide on a new treatment by looking at
the effect of the treatment on the surrogate instead of the effect on the true end

point, because the former might be observed earlier or in more patients than
the latter. It should be stressed that the trial level association between treatment
effects does not simply follow from the individual level association between
end points.13

All analyses were intention-to-treat. All confidence intervals were calcu-
lated for a two-sided probability coverage of 95%.

Tumor Response and Disease Control as Surrogate

End Points

A joint model that was based on the Plackett copula was used to estimate
trial-specific treatment effects on tumor response and survival by using a

Table 1. Clinical Trials Included in the Meta-Analysis

Study and Arm Treatment
No. of

Patients

Combination trials 3,034
Paclitaxel 1,763

UKCCCR AB011 705
Control arm E 75/C 600
Treatment arm E 75/P 200

AGO2 516
Control arm E 60/C 600
Treatment arm E 60/P 175

EORTC 109613 275
Control arm A 60/C 600
Treatment arm A 60/P 175

CCEI Paclitaxel BCSG4 267
Control arm F 500/A 50/C 500
Treatment arm A 50/P 220

Docetaxel 1,271
Tax 307 study group5 484

Control arm F 500/A 50/C 500
Treatment arm D 75/A 50/C 500

Tax 306 study group6 429
Control arm A 60/C 600
Treatment arm A 50/D 75

CCC Netherlands7 216
Control arm F 500/A 50/C 500
Treatment arm A 50/D 75

French trial8 142
Control arm F 500/E 75/C 500
Treatment arm E 75/D 75

Single agent trials 919
Paclitaxel 821

ECOG E11939 490
Control arm A 60
Treatment arm P l,175

EORTC 1092310 331
Control arm A 75
Treatment arm P 200

Docetaxel 98
Tax 303 study group11� 98

Control arm A 75
Treatment arm D 100

All trials 3,953

NOTE. All doses are in mg/m².
Abbreviations: UKCCCR, United Kingdom Committee for Cancer Clinical

Research; E, epirubicin; C, cyclophosphamide; P, paclitaxel (Taxol); AGO,
Arbeitsgemeinschaft Gynaekologische Onkologie; EORTC, European Organi-
sation for Research and Treatment of Cancer; A, adriamycin; CCEI Paclitaxel
BCSG, Central Europe & Israel Paclitaxel Breast Cancer Study Group; F,
fluorouracil; D, docetaxel (Taxotere); CCC, Comprehensive Cancer Centre;
ECOG, Eastern Cooperative Oncology Group.

�The remaining patients of this trial received the drugs as second-line therapy
and, therefore, were not included in the analysis.
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marginal proportional odds model for tumor response and a marginal
Weibull model for survival.15 The association between response and survival
was quantified through the survival OR, an assumed constant over time, and
was defined as the odds of surviving for responders divided by the odds of
surviving nonresponders. The association between disease control and sur-
vival was quantified in a similar way.

To eliminate length-biased sampling from the analyses of the tumor
response, we used the landmark method.16 This method consists of ignoring
responses that occur later than an arbitrary landmark time and deaths that
occur before that time. We varied landmark times between 1 to 6 months to
assess the sensitivity of the results to the choice of the landmark. A similar
approach was adopted for the analyses of disease control.

PFS and TTP as Surrogate End Points

A joint model that was based on the Hougaard copula was used to estimate
trial-specific treatment effects on PFS or TTP and survival by using marginal
proportional-hazards models with normally distributed, random trial–specific
treatment effects for the TTP and survival.17 The association between PFS or TTP
andsurvivalwasquantifiedthroughtheSpearmanrankcorrelationcoefficient(�).

RESULTS

Treatment Effects

Table 2 shows the treatment effects on the clinical outcomes of
interest: response, disease control rates, ORs, median time, and HR for
survival, PFS, and TTP. Note that the effects for PFS and TTP are
similar. This is because only 393 patients (9.9%) did not experience
disease progression.

Association Between End Points

The survival OR for responders versus nonresponders was 2.9
(CI, 2.6 to 3.3), which indicated that a patient who responded was
about three times more likely to survive beyond any arbitrary time
than one who did not respond. The value of the OR remained greater
than 1.9 (and the lower CI limit greater than 1.6) for landmark times
between 1 to 6 months.

Table 2. Treatment Effects for OS, PFS, TTP, Tumor Response, and Disease Stabilization

Study

Surrogate End Point or Response

OS PFS TTP Response Disease Stabilization

Median
(months)

HR
(T/A) 95% CI

Median
(months)

HR
(T/A) 95% CI

Median
(months)

HR
(T/A) 95% CI

Rate
(%)

OR
(T/A) 95% CI

Rate
(%)

OR
(T/A) 95% CI

UKCCR 1.02 0.87 to 1.19 1.06 0.92 to 1.24 1.06 0.92 to 1.24 1.49 1.11 to 2.02 1.33 0.96 to 1.87
Arm A 13.9 7.1 7.08 53 70
Arm T 12.9 7.0 7.03 63 76

AGO 1.16 0.94 to 1.43 0.94 0.78 to 1.13 0.94 0.78 to 1.13 1.64 1.16 to 2.33 1.77 1.22 to 2.55
Arm A 22.1 7.4 7.4 39 59
Arm T 19.1 9.2 9.2 51 72

EORTC 10961 1.12 0.82 to 1.53 0.95 0.74 to 1.20 0.95 0.74 to 1.20 1.17 0.73 to 1.89 1.01 0.61 to 1.66
Arm A 23.7 6.0 5.8 54 65
Arm T 21.4 6.0 6.0 58 65

CCEI 0.69 0.51 to 0.93 0.73 0.56 to 0.95 0.72 0.55 to 0.95 1.57 0.96 to 2.56 1.67 0.98 to 2.84
Arm A 18.3 6.6 6.2 54 65
Arm T 22.3 8.3 8.3 65 75

Tax307 0.96 0.78 to 1.19 0.96 0.79 to 1.17 0.96 0.79 to 1.16 1.44 1.01 to 2.07 1.17 0.81 to 1.68
Arm A 22.0 7.2 7.2 41 59
Arm T 20.6 7.6 7.6 50 63

Tax306 0.89 0.72 to 1.11 0.88 0.72 to 1.08 0.89 0.72 to 1.09 1.68 1.14 to 2.46 1.23 0.82 to 1.83
Arm A 21.7 7.9 8.1 46 65
Arm T 22.5 8.6 8.7 59 69

CCC 0.70 0.52 to 0.94 0.67 0.51 to 0.88 0.67 0.51 to 0.88 2.29 1.33 to 3.96 1.90 1.06 to 3.44
Arm A 16.2 6.7 6.7 37 63
Arm T 22.7 8.0 8.0 58 76

French 0.79 0.50 to 1.25 0.90 0.62 to 1.31 0.85 0.57 to 1.28 3.01 1.52 to 5.98 3.01 1.51 to 5.98
Arm A 28.0 5.5 5.5 32 32
Arm T 34.0 5.9 5.9 58 59

ECOG 0.94 0.78 to 1.14 0.97 0.81 to 1.16 0.97 0.81 to 1.17 0.97 0.67 to 1.41 0.98 0.69 to 1.40
Arm A 18.9 6.4 6.7 34 53
Arm T 21.7 6.3 6.3 34 53

EORTC 10923 1.08 0.86 to 1.36 1.69 1.35 to 2.11 1.69 1.35 to 2.11 0.49 0.31 to 0.79 0.40 0.25 to 0.62
Arm A 18.1 7.4 7.4 41 62
Arm T 16.0 4.1 4.2 25 40

Tax303 1.18 0.68 to 2.03 1.02 0.65 to 1.60 1.02 0.65 to 1.60 1.01 0.45 to 2.24 0.72 0.31 to 1.67
Arm A 21.7 7.6 7.6 49 67
Arm T 16.2 5.7 5.7 49 60

Abbreviations: OS, overall survival; PFS, progression-free survival; TTP, time to progression; HR, hazard ratio; T, taxane; A, anthracycline; OR, odds ratio; UKCCR,
United Kingdom Committee for Cancer Clinical Research; AGO, Arbeitsgemeinschaft Gynaekologische Onkologie; EORTC, European Organisation for Research and
Treatment of Cancer; CCC, Comprehensive Cancer Centre; ECOG, Eastern Cooperative Oncology Group.
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The survival OR for patients with disease control versus other
patients was 5.5 (CI, 4.8 to 6.3), which indicated that a patient with
disease control was about five times more likely to survive beyond
any arbitrary time than a patient without the control. The value of
the OR remained greater than 2.7 (and the lower CI limit greater
than 2.3) for landmark times between 1 to 6 months.

The � between PFS and survival was 0.688 (CI, 0.686 to 0.690),
which indicated a moderate correlation between these end points.
The � between TTP and survival was 0.682 (CI, 0.680 to 0.684).

In an additional analysis, the PFS OR for responders versus
nonresponders was 6.2 (CI, 5.3 to 7.0), which indicated that a
responding patient was about six times more likely to survive free
of progression beyond any arbitrary time than a nonresponding
patient. The value of the OR remained greater than 4 (and the
lower CI limit greater than 3.7) for landmark times between 1 to
6 months.

Association Between Treatment Effects

The � between the treatment effects on response and on survival
was 0.57 (CI, �0.31 to 1.44), which indicated a loose and imprecisely
estimated association between these two end points (Fig 1). In the
landmark analysis, the � varied slightly between 0.54 and 0.63, de-
pending on the landmark time (data not shown).

The � between the treatment effects on disease control and on
survival was 0.47 (CI, �0.46 to 1.40), which indicated again a loose
and imprecisely estimated association between treatment effects on
these two end points (Fig 2). In the landmark analysis, the � varied
between 0.39 and 0.55, depending on the landmark time (data
not shown).

The � between the treatment effects on PFS and survival was
0.48 (CI, �0.34 to 1.30; Fig 3). For the treatment effects on TTP
and survival, the � was 0.49 CI, �0.32 to 1.30; plot not shown). As
with the result obtained for tumor response and disease control,
both estimates indicated a weak and imprecisely estimated associ-
ation between treatment effects for PFS and TTP and, conversely,
for survival.

In an additional analysis, the � between the treatment
effects on response and on PFS was 0.96 (CI, 0.73 to 1.19), which

indicated a remarkably tight association between these effects
(Appendix Fig A1, online only). The equation of the regression
line is as follows: log HR � 0.10 � 0.50 � log OR, which pre-
dicted a 50% increase in the PFS log HR for every unit increase in
the log OR. The results remained virtually unchanged in the land-
mark analysis, irrespective of the choice of the landmark (data
not shown).

DISCUSSION

Because of the number of new promising treatments arriving in
phase III trials for advanced breast cancer, there is an urgent need
to identify end points that are more sensitive and more rapidly
observed than OS.18 Before such earlier end points are adopted in
clinical practice, they must be shown to be acceptable surrogates
for the more meaningful clinical end points they are supposed
to replace.
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Fig 1. Correlation between treatment effects on response and on survival. Each
circle represents a trial, and the surface area of the circle is proportional to the
size of the corresponding trial.
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Each circle represents a trial, and the surface area of the circle is proportional to
the size of the corresponding trial.
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Some authors have suggested, on the basis of results published
in the literature, that PFS or even tumor response could be consid-
ered surrogates for survival in advanced breast cancer. Hackshaw et
al19 looked at 13 first-line randomized trials that had one FAC
(fluorouracil, adriamycin, cyclophosphamide) or FEC (fluoroura-
cil, epirubicin, cyclophosphamide) treatment arm. They used the
naı̈ve statistical approach of simply correlating treatment effects on
two of these end points, by using summary statistics and by making
no allowance either for the correlation between the end points or
for the errors in the estimated treatment effects. This approach
overestimated the � between the treatment effects on the end
points considered and is likely to overstate the quality of an as-
sumed surrogacy between these end points. They found a � of 0.66
between the treatment effects on response and survival and of 0.87
between the treatment effects on PFS and survival. In contrast, the
corresponding � data in our analysis were 0.57 and 0.48, respectively,
with so much uncertainty in both cases that a zero correlation could
not be excluded. The uncertainty in our analyses may be result from
the minimal effect of taxanes on OS.1-11 This observation might lend
support to the claim that, to validate a surrogate for survival, the
treatment must have some effect both on the surrogate and on survival
itself in at least some trials.20-21 In addition, actual validation analyses
may require a range of treatment effects for the correlation approach
we advocate here to be informative.

Bruzzi et al22 used a different set of randomized trials that com-
pared a standard FEC regimen with a dose-intensified FEC regimen.22

They collected individual patient data on 2,126 patients who were
randomly assigned in 10 trials. By using a statistical approach close in
spirit to ours, they showed that tumor response is a highly significant
predictor of survival but that the treatment effects on response poorly
predict the treatment effects on survival. Although our results agree
with theirs on both counts, our conclusions differ. Bruzzi et al22 claim
that response is a potential surrogate end point for survival, but we feel
that the poor prediction of the treatment effects on survival from the
treatment effects on response calls for a more balanced interpretation.
Although we cannot exclude that tumor response could be a surrogate
for survival in a different set of trials, our data offer no evidence for this
claim. Again, the lack of a survival benefit in our meta-analysis may
have limited our ability to validate response as a surrogate for
survival. However, a meta-analysis of randomized trials in ad-
vance colorectal cancer, in which treatment had a significant effect
on both response and survival, also failed to validate response as a
surrogate for survival.23 In contrast, another meta-analysis in ad-
vanced colorectal cancer has shown that PFS is an acceptable
surrogate for survival in that disease, which underscores the fact
that surrogacy is disease- and treatment-specific (Buyse et al, sub-
mitted for publication).

In addition to tumor response and PFS, we also investigated
whether disease control or TTP could be used as surrogates for sur-
vival. These two end points are sometimes used to provide supporting
evidence for regulatory approval. In our analyses, the results and
conclusions for disease control and for TTP are similar to those ob-
tained for tumor response and PFS, respectively.

The statistical methods adopted in the present paper and else-
where use a correlation approach to the validation of potential surro-
gate end points.23-24 As such, they offer quantitative evidence but do
not result in any absolute claim of surrogacy.20,25 Indeed, a potential
limitation of using � is that there is no standard value above which a

correlation can be claimed to be sufficient. It is helpful to consider the
squared value of �, which is the variance in the variable explained by its
predictor. For instance, the � between the treatment effects on re-
sponse and on survival was 0.57; hence, less than one third (0.572 �
0.32) of the variability in treatment effects on survival can be explained
by the variability in treatment effects on response. The wide confi-
dence intervals around some � data appropriately reflect the substan-
tial statistical uncertainty despite the number of trials and patients
available for analysis. For instance, the 95% CI around 0.57 ranged
from �0.31 to 1.44, which was too wide to be informative.

The present analyses showed that tumor response is an accept-
able surrogate for PFS in patients with advanced breast cancer, as the
association between these end points is quite strong, and that treat-
ment effects on tumor response predict treatment effects on PFS
extremely well (�, 0.96; CI 0.73 to 1.19). However, the clinical impli-
cations of this finding are rather limited. If surrogates are sought for
survival, they will have to be validated by using data from other
randomized trials.
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Fig A1. Correlation between treatment effects on response and on PFS. Each
circle represents a trial, and the surface area of the circle is proportional to the
size of the corresponding trial.
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