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Summary
Background Intermediate clinical endpoints (ICEs) are frequently used as primary endpoint in randomised trials
(RCTs). We aim to assess whether changes in different ICEs can be used to predict changes in overall survival (OS) in
adjuvant breast cancer trials.

Methods Individual patient level data from adjuvant phase III RCTs conducted by the Gruppo Italiano Mammella
(GIM) and Mammella Intergruppo (MIG) study groups were used. ICEs were computed according to STEEP criteria.
Using a two-stage meta-analytic model, we assessed the surrogacy of each ICE at both the outcome (i.e., OS and ICE
are correlated irrespective of treatment) and trial (i.e., treatment effects on ICE and treatment effect on OS are
correlated) levels. The following ICEs were considered as potential surrogate endpoints of OS: disease-free
survival (DFS), distant disease-free survival (DDFS), distant relapse-free survival (DRFS), recurrence-free survival
(RFS), recurrence-free interval (RFI), distant recurrence-free interval (DRFI), breast cancer-free interval (BCFI),
and invasive breast cancer–free survival (IBCFS). The estimates of the degree of correlation were obtained by
copula models and weighted linear regression. Kendall’s τ and R2 ≥ 0.70 were considered as indicators of a
clinically relevant surrogacy.

Findings Among the 12,397 patients enrolled from November 1992 to July 2012 in six RCTs, median age at enrolment
was 57 years (interquartile range (IQR) 49–65). After a median follow-up of 10.3 years (IQR 6.4–14.5), 2131 (17.2%) OS
events were observed, with 1390 (65.2%) attributed to breast cancer. At the outcome-level, Kendall’s τ ranged from 0.69
for BCFI to 0.84 for DRFS. For DFS, DDFS, DRFS, RFS, RFI, DRFI, BCFI, and IBCFS endpoints, over 95% of the 8-
year OS variability was attributable to the variation of the 5-year ICE. At the trial-level, treatment effects for the different
ICEs and OS were strongly correlated, with the highest correlation for RFS and DRFS and the lowest for BCFI.
*Corresponding author. U.O. Epidemiology Unit, IRCCS Ospedale Policlinico San Martino, Largo Rosanna Benzi 10, Genova 16132, Italy.
E-mail address: eva.blondeaux@hsanmartino.it (E. Blondeaux).
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Interpretation Our results provide evidence supporting the use of DFS, DDFS, DRFS, RFS, RFI, DRFI, and IBCFS as
primary endpoint in breast cancer adjuvant trials.
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
The aim of the standardized definitions for efficacy endpoints
(STEEP) criteria is to reduce the inconsistencies among
definition of intermediate clinical endpoints in adjuvant
breast cancer trials.
We searched Medline with no language or date restriction on
November 15th, 2023 by using the search terms “early stage
breast cancer”, “surrogate endpoint”, and “overall survival” to
search for studies evaluating the surrogacy of different
intermediate clinical endpoints for overall survival. Few
studies assessed surrogacy of disease-free survival for overall
survival: one previous meta-analysis failed to demonstrate a
correlation between 2-year disease-free survival and 5-year
overall survival, while a previous meta-analysis established
disease-free survival as surrogate endpoint for overall in trials
of adjuvant trastuzumab for patients with HER2-positive
breast cancer. No studies assessing whether changes in
invasive breast cancer–free survival and in other intermediate
clinical endpoints can be used to predict changes in overall
survival were found.
Therefore, considered the very limited evidence, assessing
surrogacy of different intermediate clinical endpoints for
overall survival in adjuvant breast cancer trials is needed.

Added value of this study
Over the past years, the Gruppo Italiano Mammella (GIM) and
Mammella Intergruppo (MIG) study groups conducted several
randomized trials in the adjuvant breast cancer setting. By
pooling individual patient data from six randomized trials
(n = 12,397 patients) with a median follow-up exceeding 10
years and by using the surrogate endpoint methodology to

assess correlation between different intermediate clinical
endpoints and overall survival, we showed that disease-free
survival, distant disease-free survival, distant relapse-free
survival, recurrence-free survival, recurrence-free interval,
distant recurrence-free interval, and invasive breast cancer–
free survival are able to predict changes in overall survival. In
the subgroup analysis restricted to patients with hormone-
receptor positive/HER2-negative tumours, none of the
intermediate clinical endpoints met the criteria to be
considered a surrogate endpoint for overall survival.
To our knowledge, this is the only study that assess surrogacy
of different intermediate clinical endpoints for overall survival
in adjuvant breast cancer trials.

Implications of all the available evidence
Because demonstrating an improvement in overall survival in
randomized trial requires the inclusion of a substantial
number of patients and long-term follow-up data, using
intermediate clinical endpoint as primary endpoint in
randomized trial is highly attractive with reduced number of
patients and length of follow up. However, changes in
intermediate clinical endpoints should be able to predict
changes in overall survival. Our analysis provides evidence
supporting the use of disease-free survival, distant disease-
free survival, distant relapse-free survival, recurrence-free
survival, recurrence-free interval, distant recurrence-free
interval, and invasive breast cancer–free survival, defined by
STEEP criteria v2.0, as primary endpoint in breast cancer
adjuvant trials. In conclusion, these results have potential
implication in trial design and drug approval.
Introduction
Improving the overall survival (OS) of patients with
cancer should be considered the main goal of anticancer
treatments. In randomised trials (RCTs), OS definition
(i.e., the elapsed time from randomisation to death) is
unique and OS is the preferred endpoint for regulatory
purposes.1–3 However, showing OS improvements in
RCTs usually require the inclusion of a substantial
number of patients and long-term follow-up data. In the
early stage breast cancer setting, intermediate clinical
endpoints (ICEs), such as disease-free survival (DFS) or
invasive-DFS (iDFS), are frequently used as primary
endpoint in RCTs and OS is often included as secondary
endpoint.4–8

Before the introduction of the standardized defini-
tions for efficacy endpoints (STEEP) criteria, the defi-
nition of DFS and other ICEs was lacking consistency
among different RCTs.9 Thus, the use of the STEEP
criteria was proposed with the aim to reduce the in-
consistencies that hamper the interpretation of the re-
sults across trials. In STEEP v1.0 criteria, iDFS was
recognized as a potential surrogate endpoint for OS and
www.thelancet.com Vol 70 April, 2024
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its use was considered justifiable due to the extended
life expectancy of breast cancer patients, including pa-
tients experiencing metastatic recurrence following
adjuvant treatments.9 In the STEEP criteria v2.0, nine
ICEs were identified: DFS, iDFS, distant disease-free
survival (DDFS), distant relapse-free survival (DRFS),
recurrence-free survival (RFS), recurrence-free interval
(RFI), distant recurrence-free interval (DRFI), breast
cancer-free interval (BCFI) and invasive breast cancer–
free survival (IBCFS).10 IBCFS definition, added in
STEEP v2.0, exclude second primary non-breast cancers
compared to iDFS definition.10 According to simula-
tions, IBCFS might be the preferred endpoint in some
circumstances such as when the intervention is ex-
pected not to increase secondary non-breast cancers.

In adjuvant breast cancer setting, there were prior
attempts of establishing ICEs, especially DFS, as sur-
rogate of OS. One previous meta-analysis failed to
demonstrate, at a trial-level, a correlation between 2-
year DFS and 5-year OS.11 A systematic review from
the Early Breast Cancer Trialists’ Collaborative Group
showed that improvement in DFS might predict im-
provements in OS.12 However, no formal statistical
analysis were undertaken to directly establish this
correlation or to assess the degree of correlation.12 To
date, no attempts were made to understand how
IBCFS, and other ICEs, improvements might predict
OS benefits.

Over the past years, the Gruppo Italiano Mammella
(GIM) and Mammella Intergruppo (MIG) study groups
conducted several RCTs in the adjuvant breast cancer
setting. By pooling individual patient data, we aimed to
assess whether changes in IBCFS and in other ICEs can
be used to predict changes in OS in adjuvant breast
cancer RCTs.
Methods
Description of included studies
This analysis included individual patient-level data
from six adjuvant phase III RCTs by the MIG and GIM
study groups (MIG1,13 MIG5,14 GIM2,15 GIM3,16

GIM4,17 GIM618). Details are described in the
Supplementary methods section (Appendix pp. 2) and
summarized in Supplementary Table S1 (Appendix pp.
4). Briefly, all trials included were multicentre studies
investigating different adjuvant chemotherapy or
endocrine treatments. Results of the treatment effect
according to different ICEs in MIG and GIM trials,
except for ICE defined in each protocol, were not pre-
viously published. The Independent Review Boards of
all participating centres approved each trial and all
included patients provided written informed consent
before study entry. The MIG and GIM Steering Com-
mittees approved the present analysis before its con-
duction. Trials enrolment spanned from November
1992 to July 2012.
www.thelancet.com Vol 70 April, 2024
Events definition
ICEs were computed according to the STEEP criteria
definition.10 Briefly, the endpoints included different
combinations of local-regional, distant, contralateral,
second non-breast malignancies, and deaths as events
(Appendix pp. 5). Notably, five ICEs (i.e., DFS, DDFS,
RFS, DRFS, IBCFS) included death from any cause as
survival event while three ICEs (i.e., RFI, DRFI, BCFI)
included only death from breast cancer as survival event.
Thus, RFS differs from RFI and DRFS differs from
DRFI only for non-breast cancer related deaths. In case
no survival event was recorded, patients were censored
at the last follow-up visit.

When the type of a new primary breast cancer
(invasive vs in situ) was not available in the original
electronic case report form (eCRF) (i.e., from GIM3,
GIM4 and GIM6 trials), it was assumed to be invasive.
Because of the assumption that all new primary breast
cancer in the latter trials were invasive, DFS was chosen
as ICE because in this endpoint both recurrences (i.e.,
invasive and in situ) would be included as events. Thus,
iDFS, that differs from DFS just by not including in situ
recurrences as events, was not tested as a surrogate
endpoint of OS.

Statistical analysis
Given the clinical relevance of lymph node status in
treatment guidelines and clinical trial eligibility deter-
mination on the basis of lymph node status, trials were
split into units according to nodal status.19 To avoid
exclusion of patients with missing information on nodal
stage, single imputation, assuming monotone missing
patterns and using the logistic regression method, was
performed among 75 (0.6%) patients. Variables used for
imputation of nodal status were trial, arm, age and
receipt of (neo)adjuvant chemotherapy.

We evaluated the surrogacy of the different ICE and
OS using a meta-analytic two-stage validation model.19,20

Two conditions must be satisfied to claim for OS sur-
rogacy: the outcome-level surrogacy (the ICE and OS are
correlated irrespective of treatment) and the trial-level
surrogacy (the treatment effects on both endpoints are
correlated). We defined a priori a clinically relevant
surrogacy of an R2 value of ≥0.7.21,22

The outcome-level surrogacy was tested at both the
patient level and trial level. At the patient level, associ-
ations of OS with different ICE were evaluated via a
bivariate model fitted on individual patient data. Clay-
ton, Hougaard and Plackett’s copula functions were
considered to account for individual dependence of the
outcomes; copula selection was based on model good-
ness of fitness evaluated through the Akaike Informa-
tion Criterion. Kendall’s τ (range 0–1) quantified the
correlation between ICE and OS at the patient level. We
defined an a priori threshold of clinically relevant sur-
rogacy at Kendall’s τ value of ≥0.7.21,22 Further details
regarding copula models are provided in the
3
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Supplementary methods section (Appendix pp. 3). For
this analysis, individual data from patients enrolled in
the GIM2 trial were considered once. At the trial level,
we used the Kaplan–Meier method to obtain 5-year ICE
estimate and 8-year OS estimate within each unit. We
chose these time points as they are both frequently re-
ported in the literature and used for trial assumption in
sample size estimations. We performed weighted linear
regression (WLR) analyses between units-specific OS
rates at 8-year vs 5-year ICE rates. Regressions were
weighted by inverse variances of the 5-year estimates of
the ICE. R2 was used to quantify the proportion of the 8-
year OS rate variance that was explained by each 5-year
ICE rate. Due to the 2 × 2 factorial design, for this
analysis, individual data from patients enrolled in the
GIM2 trial were considered twice: the first comparison
between epirubicin and cyclophosphamide regimen
(standard) vs fluorouracil, epirubicin and cyclophos-
phamide regimen (experimental) and the second com-
parison between standard interval schedule (standard)
vs dose dense schedule (experimental). For this latter
comparison, 88 patients enrolled in five centres
providing only standard interval chemotherapy schedule
were excluded.15,23

For the trial-level surrogacy, we obtained the nodal-
and study-specific treatment effects using Cox models.
We then performed a WLR between the estimate of
treatment effect on OS log (hazard ratio [HR]OS) and the
estimates of treatment effect on each ICE (logHRICE).
Models were weighted by inverse variances of the
logHRICE, and R2 was used to quantify the proportion of
variance that was explained by the regressor. For this
analysis, individual data from patients enrolled in the
GIM2 trial were considered twice.

Given the inclusion of only patients with hormone-
receptor positive tumours in two trials, we expected
most of the patients to have hormone-receptor positive/
HER2-negative tumours. Thus, we planned a subgroup
analysis to evaluate if changes in different ICEs can be
used to predict changes in OS in the hormone-receptor
positive/HER2-negative population only.

Surrogate threshold effect and validation
Surrogate threshold effect (STE) is defined as the min-
imum treatment effect on the surrogate endpoint
necessary to predict a nonzero treatment effect—that is
an HR different from 1—on OS in a future trial.24 To
estimate STE we constructed the 95% prediction limits
for the regression line of the effect of treatment on OS
vs the effect of treatment on the surrogate. STE was
defined as the point of the intersection of the upper 95%
prediction limit with the horizontal line representing an
HR of 1 for OS.

For trial-level surrogacy, model accuracy was
assessed by leave-one-out cross validation. Each unit was
left out once and the WLR, performed on the remaining
n-1 units, was used to estimate the treatment effect (log
[HR]) on OS based on the observed log (HR) of the ICE
of the left out unit. R2 was also calculated from the
remaining n-1 units model to evaluate the impact of a
single unit on the correlation between treatment effects
on ICE and OS.

All analyses were performed using SAS Version 9.4
(SAS Institute, Cary, NC, USA) and R version 4.3.0
(2023-04-21; R Foundation for Statistical Computing,
Vienna, Austria).

Role of the funding source
The funders of the study had no role in study design,
data collection, analysis, interpretation, or writing of the
report, and they had no access to the data. EB, LC, LB
and LDM had full access to the data and had final re-
sponsibility for the decision to submit for publication.
Results
This analysis included 12,397 patients enrolled in six
RCTs between November 1992 and July 2012. Baseline
characteristics are reported in the Supplementary
materials (Appendix pp. 6–7). Median age at enrol-
ment was 57 years (Interquartile range (IQR) 49–65).
Overall, 8209 (66.2%) of the patients had node positive
disease, 7718 (62.3%) had hormone-receptor positive/
HER2-negative tumours. Median follow-up was 10.3
years (IQR 6.4–14.5; Appendix pp. 8).

A total of 2131 (17.2%) OS events were observed,
with 1390 (65.2%) attributed to breast cancer (Appendix
pp. 9). Estimated survival and hazard function by years
since random assignment for each ICE are shown in
Fig. 1A and B.

The trials were split according to nodal status and
treatment arm into 22 units (Appendix pp. 10), which
corresponds to 11 units for treatment comparisons.

Outcome-level surrogacy: correlation between ICE
and OS irrespective of treatment
At the individual patient level, the correlation of each
ICE with OS, measured through Kendall’s τ, ranged
from 0.69 (95% CI 0.68–0.71) for BCFI to 0.84 (95% CI
0.84–0.85) for DRFS with a Kendall’s τ of 0.77 for
IBCFS (Table 1).

At the trial level, a tight correlation between the
nodal-, arm- and trial-specific 8-year OS estimate vs all
the different ICEs was observed (R2 ≥ 0.95 for all ICEs)
(Table 1 and Fig. 2A–H).

Trial-level surrogacy: correlation between
treatment effect on ICE and OS
Forest plot of observed pair of HR of treatment effect on
ICE and OS endpoints are reported in Supplementary
Fig. S1A–H (Appendix pp. 14–17). At the trial-level, a
correlation between treatment effect on OS and on the
surrogate endpoint was observed for all ICEs, with the
strongest association for RFS and DRFS (R2 = 0.88) and
www.thelancet.com Vol 70 April, 2024
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Fig. 1: (A) Kaplan–Meier estimates of OS and intermediate clinical endpoints (ICEs). (B) Estimated hazard across times for OS and intermediate
clinical endpoints (ICEs). OS, overall survival; DFS, disease-free survival; DDFS, distant disease-free survival; RFS, recurrence-free survival; DRFS,
distant relapse-free survival; IBCFS, invasive breast cancer–free survival; RFI, recurrence-free interval; DRFI, distant recurrence-free interval; BCFI,
breast cancer-free interval.
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the weakest for BCFI (R2 = 0.70) (Table 1 and Fig. 3A–
H). Treatment effect on IBCFS endpoint was correlated
to treatment effect on OS (R2 = 0.84). Similarly to pa-
tient level surrogacy, the correlation was higher for ICEs
that included death from any cause as event (i.e.,
R2 ≥ 0.82), while the correlation was weaker (i.e., R2

ranging from 0.70 to 0.77) for ICEs that excluded death
from causes other than breast.

Surrogate threshold effect and validation
STE for ICEs that included death from any cause ranged
from 0.85 to 0.86 while STE for ICE that included only
death from breast cancer as event was approximately
around 0.76 (Appendix pp. 11). Thus, a larger treatment
ICE Outcome-level surrogacy (OS and ICE are correlated irrespectiv

Correlation at the patient level Regression of
ICE rate by tr
(No. of units

No. of events
out of 10,394
patients included

Kendall’s τ (95% CI) No. of events
out of 12,397
patients includ

DFS 2773 0.75 (0.73–0.76) 3526

DDFS 2346 0.82 (0.81–0.82) 3007

RFS 2392 0.80 (0.79–0.81) 3053

DRFS 2163 0.84 (0.84–0.85) 2779

IBCFS 2595 0.77 (0.76–0.78) 3306

RFI 1853 0.73 (0.72–0.74) 2437

DRFI 1582 0.77 (0.76–0.79) 2117

BCFI 2073 0.69 (0.68–0.71) 2709

DFS, disease-free survival; HR, hazard ratio; ICE, intermediate clinical end point; OS, over
recurrence-free interval; DRFI, distant recurrence-free interval; BCFI, breast cancer–free i

Table 1: Two-condition surrogacy analysis among all patients.

www.thelancet.com Vol 70 April, 2024
effect on these latter endpoints would be required to
predict a treatment benefit on OS.

Results of the trial-level leave one out cross validation
provided consistent results (Appendix pp. 18–22).

Hormone-receptor positive/HER2-negative
population
Nodal-, arm- and trial-specific units among the
hormone-receptor positive/HER2-negative population
are reported in Supplementary Table S8 (Appendix pp.
12). Among the 7718 patients with known hormone-
receptor positive/HER2-negative disease, median age
at randomisation was 60 years (IQR 52–67; Appendix
pp. 13). Overall, 1015 (13.2%) OS events were
e of treatment) Trial-level surrogacy (treatment effects on both end points are
correlated)

8-year OS rate v 5-year
ial, arm, and nodal status
= 22)

Regression of Log (HR)-OS v Log (HR)-ICE by trial and nodal
status (No. of units = 11)

ed

R2 (95% CI) R2 (95% CI) Regression equation

0.95 (0.89–0.97) 0.82 (0.42–0.90) Log (HR)OS = −0.056 + 1.179*Log (HR)DFS

0.95 (0.88–0.97) 0.86 (0.51–0.92) Log (HR)OS = −0.036 + 1.141*Log (HR)DDFS

0.96 (0.92–0.98) 0.88 (0.59–0.93) Log (HR)OS = −0.023 + 1.124*Log (HR)RFS

0.96 (0.92–0.98) 0.88 (0.59–0.93) Log (HR)OS = −0.023 + 1.037*Log (HR)DRFS

0.97 (0.92–0.98) 0.84 (0.47–0.91) Log (HR)OS = −0.046 + 1.117*Log (HR)IBCFS

0.96 (0.91–0.97) 0.76 (0.31–0.87) Log (HR)OS = −0.018 + 0.942*Log (HR)RFI

0.95 (0.89–0.97) 0.77 (0.31–0.87) Log (HR)OS = −0.014 + 0.846*Log (HR)DRFI

0.96 (0.91–0.97) 0.70 (0.20–0.83) Log (HR)OS = −0.048 + 0.958*Log (HR)BCFI

all survival; DDFS distant disease-free survival; RFS, recurrence-free survival; DRFS, distant relapse–free survival; RFI,
nterval; IBCFS, invasive breast cancer–free survival.
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Fig. 2: Overall survival (OS) rate at 8-year vs intermediate clinical endpoints rate at 5 years: (A) 8-year OS vs 5-year DFS; (B) 8-year OS vs 5-year
DDFS; (C) 8-year OS vs 5-year RFS; (D) 8-year OS vs 5-year DRFS; (E) 8-year OS vs 5-year IBCFS; (F) 8-year OS vs 5-year RFI; (G) 8-year OS vs 5-
year DRFI; (H) 8-year OS vs 5-year BCFI. OS, overall survival; DFS, disease-free survival; DDFS, distant disease-free survival; RFS, recurrence-free
survival; DRFS, distant relapse-free survival; IBCFS, invasive breast cancer–free survival; RFI, recurrence-free interval; DRFI, distant recurrence-free
interval; BCFI, breast cancer-free interval.
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observed, with 616 (60.7%) attributed to breast cancer
(Appendix pp. 9).

At the outcome-level surrogacy, at the individual
patient level, the correlation of each ICE with OS,
measured through Kendall’s τ, was higher than 0.70 for
all ICEs, except for BCFI (Kendall’s τ = 0.67), with
IBCFS demonstrating a strong correlation (Kendall’s
τ = 0.77) (Table 2). A strong correlation between the
nodal-, arm- and trial-specific 8-year OS estimate vs all
the different ICEs was observed (Table 2; Appendix pp.
23–26). However, at the trial-level surrogacy, a weaker
correlation between log (HR)-OS and log (HR)-ICE
across nodal- and trial units was observed for all ICEs
(R2 for IBCFS = 0.49) (Table 2; Appendix pp. 27–30).
Discussion
By using individual patient data from six RCTs with a
median follow-up exceeding 10 years, we showed that
DFS, DDFS, DRFS, RFS, RFI, DRFI, and IBCFS, are
able to predict changes in OS. ICEs that included death
from any cause as event presented the strongest corre-
lation with OS while the correlation was weaker for ICEs
that censored patients with death from causes other
than breast. For patients with hormone receptor-posi-
tive/HER2-negative breast cancer, none of the ICEs
proposed met the criteria to be considered a surrogate
endpoint of OS.

To reduce the number of patients to include and the
lengths of the follow-up, DFS or iDFS have been used as
primary endpoint in the majority of phase III RCTs in
the breast cancer adjuvant setting.4–6,25 Understanding
performance and utility of different ICEs is highly
relevant as ICEs are frequently used in trial design and
IBCFS could be considered as an alternative to iDFS in
some situations. In this framework we used surrogate
endpoint methodology to assess correlation between
different ICEs and OS. We demonstrated that, at
outcome-level, the correlation at the patient level was
demonstrated for all ICEs except for BCFI (Kendall’s
www.thelancet.com Vol 70 April, 2024
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Fig. 2: (continued).
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τ = 0.69), with endpoints including death from any
cause presenting the strongest correlation, while the
association of 5-year ICE vs 8-year OS was strong (i.e.,
R2 ≥ 0.95) for all ICE. The effect of treatment on the
ICEs and on the true endpoint (i.e., in the trial-level
surrogacy) was equal to or above the threshold of 0.70
needed to claim for surrogacy for all ICEs tested. From a
drug development point of view, the trial level associa-
tion is the most interesting as it allows to estimate the
treatment effect on OS given the observed treatment
effect on the ICE. However, caution is needed as in
some situation outcome level surrogacy is fulfilled,
while attempt to demonstrate trial level surrogacy fail.26

Furthermore, the use of ICEs in trial design allows an
earlier observation of the events, increased power for
detection of treatment effect, reduced number of pa-
tients to be included in the trial and consequently
reduced costs. However, 95% CIs for the R2 estimates
were wide, with the lower limit of the 95% CI less than
0.70 for all ICEs, precluding any definitive conclusions.
Among the different ICEs, DRFS presented the stron-
gest correlation with OS. This could be explained by the
www.thelancet.com Vol 70 April, 2024
fact that distant relapses are often incurable and precede
death while other events, such as contralateral breast
cancer or second non-breast malignancies, could be
treated with curative intent. In fact, the stronger corre-
lation of OS with ICE that include death from any cause
as a survival event could be explained by greater simi-
larity in survival events between the two endpoints.
Furthermore, IBCFS, the new ICE proposed in STEEP
criteria v2.0, presented a strong correlation with OS.

In a setting of constant improvement in breast cancer
care, patients with early-stage disease might die from
other causes. Indeed, in a population with a median age
at enrolment of 57 years and 10-year median follow-up,
we found that nearly 35% events were not related to
breast cancer or were due to an unknown cause. RFS and
DRFS presented a stronger correlation with OS both at
the outcome-level (Kendall’s τ = 0.80 and 0.84 for RFS
and DRFS respectively) and at the trial-level (R2 = 0.88
for both ICEs). The correlation was weaker for RFI and
DRFI (patient level Kendall’s τ = 0.73 and 0.77 and trial
level R2 = 0.76 and 0.77 for RFI and DRFI, respectively).
The lower values of Kendall’s τ and R2 coefficients
7
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Fig. 3: Treatment effects (log hazard ratio [HR]) on overall survival (OS) vs treatment effects on intermediate clinical endpoints. (A) Log (HR)OS
vs log (HR)DFS; (B) log (HR)OS vs log (HR)DDFS; (C) log (HR)OS vs log (HR)RFS; (D) log (HR)OS vs log (HR)DRFS; (E) log (HR)OS vs log (HR)
IBCFS; (F) log (HR)OS vs log (HR)RFI; (G) log (HR)OS vs log (HR)DRFI; (H) log (HR)OS vs log (HR)BCFI. OS, overall survival; DFS, disease-free
survival; DDFS, distant disease-free survival; RFS, recurrence-free survival; DRFS, distant relapse-free survival; IBCFS, invasive breast cancer–free
survival; RFI, recurrence-free interval; DRFI, distant recurrence-free interval; BCFI, breast cancer-free interval.
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comparing RFS with RFI and DRFS with DRFI could be
explained by competing cause of death. Similarly in an
analysis of surrogate endpoint in prostate cancer trials, a
weaker correlation between endpoints that did not
include death from non-cancer causes was observed
compared to the correlation observed for endpoints that
included death from all causes as event.27

The use of ICEs offers several advantages in clinical
trial research such as the early observation of the
necessary events. However, some uncertainty remains
regarding the ability of ICEs to accurately predict the
impact on OS. STE implies that a trial with an observed
upper limit of the CI for the estimated HR on the ICE
that falls below the STE would predict a significant effect
on OS. The lower correlation of ICEs that censored
patients with death from causes other than breast
(R2

(RFI) = 0.76, R2
(DRFI) = 0.77) resulted in lower STE

(0.77 vs 0.75 for RFI and DRFI respectively) compared
to ICEs that included death from all cause as events
(STE ranging from 0.85 to 0.86). Thus, a greater treat-
ment effect is needed to be observed on ICEs that
censored patients with death from causes other than
breast to predict an OS benefit.

Given the potential heterogeneity of the included
population in the trials and the suggestion from a pre-
vious meta-analysis that the association between end-
points could differ according to breast cancer subtypes,28

we performed an analysis restricted to patients with
known hormone-receptor positive/HER2-negative tu-
mours. Despite observing a tight correlation in the
outcome-level surrogacy, we failed to demonstrate trial-
level surrogacy for all ICEs. This is consistent with
previous trials of adjuvant endocrine treatment where,
despite a strong treatment effect on ICE, little or no
treatment effect on OS was demonstrated.4,5,29 Other
possible explanations include that a lower number of
patients was included and consequently a lower number
of events observed. Moreover, patients with hormone-
www.thelancet.com Vol 70 April, 2024
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Fig. 3: (continued).

ICE Outcome-level surrogacy (OS and ICE are correlated irrespective of treatment) Trial-level surrogacy (treatment effects on both end points are
correlated)

Correlation at the patient level Regression of 8-year OS rate v 5-year
ICE rate by trial, Arm, and nodal status
(No. of units = 16)

Regression of Log (HR)-OS v Log (HR)-ICE by trial and nodal
status (No. of units = 8)

No. of events
out of 6612
patients included

Kendall’s τ (95% CI) No. of events
out of 7718
patients included

R2 (95% CI) R2 (95% CI) Regression equation

DFS 1450 0.73 (0.72–0.75) 1855 0.92 (0.79–0.95) 0.54 (0.00–0.76) Log (HR)OS = −0.158 + 0.666*Log (HR)DFS

DDFS 1211 0.80 (0.79–0.82) 1566 0.92 (0.79–0.95) 0.67 (0.05–0.83) Log (HR)OS = −0.110 + 0.811*Log (HR)DDFS

RFS 1204 0.80 (0.79–0.82) 1558 0.94 (0.83–0.96) 0.66 (0.04–0.82) Log (HR)OS = −0.109 + 0.756*Log (HR)RFS

DRFS 1082 0.85 (0.84–0.86) 1413 0.94 (0.84–0.96) 0.67 (0.05–0.83) Log (HR)OS = −0.082 + 0.791*Log (HR)DRFS

IBCFS 1325 0.77 (0.75–0.78) 1707 0.94 (0.84–0.96) 0.49 (0.00–0.74) Log (HR)OS = −0.147 + 0.617*Log (HR)IBCFS

RFI 900 0.71 (0.69–0.73) 1206 0.95 (0.87–0.97) 0.49 (0.00–0.74) Log (HR)OS = −0.114 + 0.531*Log (HR)RFI
DRFI 767 0.76 (0.74–0.78) 1048 0.94 (0.85–0.97) 0.53 (0.00–0.75) Log (HR)OS = −0.090 + 0.539*Log (HR)DRFI

BCFI 1030 0.67 (0.65–0.69) 1365 0.95 (0.85–0.97) 0.29 (0.00–0.63) Log (HR)OS = −0.158 + 0.400*Log (HR)BCFI

DFS, disease-free survival; HR, hazard ratio; ICE, intermediate clinical end point; OS, overall survival; DDFS distant disease-free survival; RFS, recurrence-free survival; DRFS, distant relapse–free survival; RFI,
recurrence-free interval; DRFI, distant recurrence-free interval; BCFI, breast cancer–free interval; IBCFS, invasive breast cancer–free survival.

Table 2: Two-condition surrogacy analysis among patients with hormone-receptor positive/HER2-negative breast cancer.
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receptor positive/HER2-negative tumours have different
baseline characteristics and different pattern of recur-
rence as compared to other tumour subtypes.30

Due to the low number of patients known to have
HER2-positive breast cancer (n = 1480, 11.9%) and the
available evidence on the use of DFS as surrogate
endpoint of OS in trials of adjuvant trastuzumab,31 the
analysis in this subgroup was not performed. Similarly,
only a minority of patients had triple-negative breast
cancer; hence, no subgroup testing could be planned.

Several limitations of our study should be acknowl-
edged. Firstly, we used data only from adjuvant trials
conducted by the GIM and MIG collaborative groups
and no attempt to perform a systematic review or to
obtain individual data from other collaborative group
was made. The included trials spanned the accrual
period from 1992 to 2012; considering the recent major
advances in the adjuvant breast cancer treatment, the
applicability of these results to modern RCTs may be
limited. Included trials comprised different therapeutic
strategies (chemotherapy and endocrine therapy) and
the small number of nodal-, arm- and trial-units pre-
cluded subgroup analyses by nodal status or trial type.
On the other hand, the clear results using heteroge-
neous trials is a strength of the generalizability of the
results. Ductal carcinoma in situ is a rare event and we
believe that assuming for three trials that all new pri-
mary breast cancer were invasive did not bias our re-
sults. However, due to this assumption, we were not
able to test iDFS endpoint. Finally, we did not account
for different centre-specific effect. Nevertheless, in Italy
healthcare system is based on universal coverage and
provides comprehensive services to its citizens. All pa-
tients enrolled were treated in high volumes hospitals
and no major differences in survival outcome could be
expected.

Despite these limitations, this is the first attempt to
demonstrate performances of different ICEs on pre-
dicting changes in OS in adjuvant breast cancer RCTs.

In conclusion, our study provides evidence support-
ing the use of DFS, DDFS, DRFS, RFS, RFI, DRFI, and
IBCFS, defined by STEEP criteria v2.0, as primary
endpoint in breast cancer adjuvant trials. ICEs that
included death for any cause (i.e., DFS, DDFS, RFS,
DRFS, IBCFS) presented strong correlation with OS.
For patients with hormone receptor-positive/HER2-
negative disease, none of the ICEs met the criteria to
be considered a surrogate endpoint of OS. Future
research should further investigate the application of
ICEs in different breast cancer subtypes and in the
setting of new targeted treatment strategies.
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