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Introduction
•	 OS is often considered the gold standard in oncology trials for evaluating treatment efficacy1

•	 However, treatment crossovers (as part of study design or standard of care) can confound OS interpretation1

•	 Predicting OS using a surrogate end point such as PFS, which is not affected by treatment crossover, is 
of interest1

•	 This systematic literature review (SLR) and CMA aimed to evaluate if PFS can be a surrogate for OS in 
1L treatment of mTNBC 

Methods
•	 The methodology followed the recommendation of the ISPOR Task Force, as well as guidance from 

major international health-technology assessment bodies and regulatory agencies, which emphasize that 
surrogacy end points should be validated using meta-analytic methods that consider both trial-level and 
individual-level data analyses2,3

•	 An SLR was conducted using Embase, MEDLINE (database inception–Nov 5, 2024) for RCTs and other 
studies, and Cochrane CENTRAL via OvidSP (1948–Nov 5, 2024) for RCTs in 1L mTNBC

•	 This SLR served as an evidence base to inform the CMA, which assessed:
	— Trial-level association between HROS and HRPFS

	— Individual-level association between OS and PFS
•	 Trial-level association was assessed using a Bayesian trivariate random effects meta-analysis (HROS 

regressed on HRPFS and the proportion of patients with PD-L1+ tumors). Outputs of this analysis included:
	— The correlation coefficient (ranging from −1 [perfect inverse association] to 1 [perfect positive 

association], with 0 indicating no association) for each pair of variables 
	— The surrogacy equation for predicting HROS for a new study from HRPFS and the proportion of patients 

with PD-L1+ tumors
	— The surrogate threshold effect (STE), defined as the value of HRPFS for which the upper bound of the 

95% credible interval (CrI) on the predicted HROS = 1
•	 Individual-level association was assessed based on individual patient data generated from digitized OS 

and PFS curves,4 and the correlation was estimated using simulation via Pearson’s correlation, with the 
proportion of patients with PD-L1+ tumors as a covariate

•	 The impact of each study in predicting HROS using HRPFS was determined by leave-one-out cross-validation 
(LOOCV) in which, for each trial with data on both PFS and OS, a new model was fitted after removing 
each trial’s OS estimate one at a time from the evidence inventory (treating it as missing at random)

	— The derived surrogacy equation enables OS estimation based on reported PFS benefits in 1L mTNBC, 
meeting NICE’s 95% surrogate validity threshold5,6

Results
•	 The SLR identified RCTs (n = 52) and other studies (n = 74) (Figure 1)

	— Of these, the feasibility assessment identified 52 studies with HROS or HRPFS (or a survival plot from 
which the HR could be estimated), which were included in the trial-level CMA, and 34 studies with 
survival curves for OS or PFS, which were included in the individual-level CMA (Table 1)

Conclusions
•	 This correlation meta‑analysis (CMA), the first and largest to date, 

evaluated the validity of progression-free survival (PFS) as a surrogate  
for overall survival (OS) in first-line (1L) metastatic triple-negative breast 
cancer (mTNBC)

•	 The CMA found a high trial-level correlation between the hazard ratios 
(HRs) of OS (HROS) and PFS (HRPFS), with strong predictive accuracy, 
suggesting that HROS can be reliably predicted from HRPFS, even for studies 
not included in the model

•	 Individual-level surrogacy using a simulation approach showed moderate 
Pearson’s correlation between PFS and OS 

	— A stronger association was observed in the programmed cell death 
ligand 1-positive (PD-L1+) population 

•	 Findings were consistent across all sensitivity analyses (including studies 
without crossovers), demonstrating that results were not influenced by  
study selection

	— Similar trend in PFS and OS correlation was also found in studies that 
were only randomized controlled trials (RCTs)

•	 These findings indicate that presence or absence of crossovers in trials 
does not impact the ability of PFS as an intermediate end point to reliably 
predict OS as a long-term outcome, supporting the use of PFS to predict 
OS benefit in future trials in mTNBC 

Plain Language Summary
•	 In a clinical trial, a scientific approach to test how well a cancer treatment 

works is to measure how long a person lives after receiving the treatment 
(known as overall survival)

•	 However, sometimes patients in a clinical trial switch from their assigned 
treatment to the other study treatment after their cancer worsens (called 
crossover), and this reduces the ability to understand each drug’s impact  
on overall survival

•	 After patients receive their initial treatment, it is not well understood whether 
the length of time they live before their cancer gets worse or they die (called 
progression‑free survival) can be used to predict overall survival

•	 Using published results of studies of drugs given as initial treatment for 
metastatic triple-negative breast cancer, researchers determined that 
progression-free survival can predict overall survival benefit

•	 After the initial treatment, the progression-free survival benefit is associated 
with overall survival benefit, even when patients change treatments as the 
cancer continues to worsen
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Results

Figure 1. Summary of Studies Included in the SLR and CMA

Figure 2. Prediction Line and STE for the Primary Trial-Level Analysis

Figure 3. LOOCV for the Primary Trial-Level Analysis

CMA, correlation meta-analysis; HR, hazard ratio; OS, overall survival; PD-L1, programmed cell death ligand 1; PFS, progression-free survival; RCT, 
randomized controlled trial; SLR, systematic literature review.

The axes are in log scale. Each circle represents the HROS  
and HRPFS from a single comparison (scaled by sample size). 
The solid black line represents the predicted HROS for each 
value of HRPFS for a PD-L1+ proportion of 0, and the dashed 
lines represent the 95% credible band around the prediction 
line. The red cross is the STE, the smallest HRPFS for which 
the predicted HROS is statistically significant. 
HR, hazard ratio; OS, overall survival; PD-L1+, programmed 
cell death ligand 1-positive; PFS, progression-free survival; 
STE, surrogate threshold effect.

For the IPATunity170 study, the HROS data by PD-L1 status was reported separately. The axis is in log scale. 
aA green checkmark indicates that the 95% prediction interval around the green diamond captured the blue diamond.
HR, hazard ratio; LOOCV, leave-one-out cross-validation; PD-L1, programmed cell death ligand 1; PI, prediction interval; OS, overall survival.

Table 1. Feasibility Measures of Number of Studies Allowing Trial-Level and Individual-
Level Surrogacy Analysis

Type of Analysis
Trial-Level Analysis Individual-Level Analysis

Studies Comparisons Studies Comparisons
Primary analysis

All-comer
PD-L1+
PD-L1−

52
―
―
―

56
―
―
―

―
34
9
9

―
36
10
10

Sensitivity analyses
Exclusion of crossover trials
Inclusion of RCTs only
Exclusion of paired single-arm studies
Exclusion of studies violating the PH assumption

45
43
50
46

48
47
54
48

29
27
32
28

31
29
34
28

PD-L1, programmed cell death ligand 1; PH, proportional hazard; RCT, randomized controlled trial.

Table 4. Results of Primary and Sensitivity Analyses Showing PFS-OS Correlation, 
LOOCV Coverage, and STE

Analysis Set
PFS-OS Correlation LOOCV 

Coverage STE
r (95% CrI) R 2 (95% CrI)

Primarya 0.87 (0.71-0.94) 0.76 (0.50-0.89) 100% 0.81
Sensitivity analyses

Exclusion of crossover trials
Inclusion of RCTs only
Exclusion of paired single-arm studies
Exclusion of studies violating the PH assumption

0.90 (0.79-0.96)
0.81 (0.53-0.92)
0.86 (0.68-0.94)
0.82 (0.58-0.93)

0.81 (0.62-0.92)
0.66 (0.28-0.85)
0.74 (0.47-0.88)
0.68 (0.34-0.86)

100%
100%
100%
100%

0.76
0.80
0.80
0.81

aIncluded RCTs and non-RCTs, paired single-arm studies, RCTs with and without crossovers, studies violating/not violating PH assumption. 
CrI, credible interval; LOOCV, leave-one-out cross-validation; OS, overall survival; PFS, progression-free survival; PH, proportional hazard; RCT, 
randomized clinical trial; STE, surrogate threshold effect.

Table 5. Individual-Level Correlation Estimates From the Primary and Sensitivity Analyses

Analysis Set
Pearson’s Correlation 

(Simulation)
(95% CI)

Strength of Correlationb

Primarya 0.63 (0.61-0.66) Moderate
Sensitivity analyses

Exclusion of crossover trials
Inclusion of RCTs only
Exclusion of paired single-arm studies
Exclusion of studies violating the PH assumption
Stratification by PD-L1 expression status

PD-L1+
PD-L1−

0.66 (0.64-0.68)
0.63 (0.61-0.65)
0.62 (0.60-0.64)
0.62 (0.59-0.65)

0.94 (0.93-0.95)
0.51 (0.47-0.54)

Moderate
Moderate
Moderate
Moderate

Very Strong
Moderate

aIncluded RCTs and non-RCTs, paired single-arm studies, RCTs with and without crossovers, studies violating/not violating PH assumption. bPearson’s 
correlation is considered weak correlate if ranging from 0.1 to 0.39, moderate from 0.4 to 0.69, strong from 0.7 to 0.89, and very strong from 0.9 to 1.7 
PD-L1, programmed cell death ligand 1; PH, proportional hazard; RCT, randomized clinical trial.

Table 2. Correlation Matrix for Primary Trial-Level Surrogacya

HROS HRPFS PD-L1+ %
HROS 1.00 0.87b (95% CrI, 0.71 to 0.94) −0.05 (95% CrI, −0.45 to 0.09)

HRPFS ― 1.00 −0.02 (95% CrI, −0.49 to 0.13)
aAll analyses were conducted using log-scale. bStrength of correlation was interpreted from the R2 metric and was considered “good” per BSES3 criteria 
(excellent: 0.6–1; good: 0.4–0.59; fair: 0.2–0.39; poor: < 0.2).
BSES3, Biomarker Surrogacy Evaluation Schema 3; Crl, credible interval; HR, hazard ratio; OS, overall survival; PD-L1, programmed cell death ligand 1; 
PFS, progression-free survival.

Table 3. Surrogacy Equations for Trial-Level Analyses
Analysis Set Surrogacy Equation
Primary lnHROS = 0.08 + 0.95 × lnHRPFS + 0.01 × FT(p)
Sensitivity analyses

Exclusion of crossover trials
Inclusion of RCTs only
Exclusion of paired single-arm studies
Exclusion of studies violating the PH assumption

lnHROS = 0.14 + 0.98 × lnHRPFS + 0.01 × FT(p)
lnHROS = 0.05 + 0.73 × lnHRPFS + 0.00 × FT(p)
lnHROS = 0.08 + 0.88 × lnHRPFS + 0.01 × FT(p)
lnHROS = 0.04 + 0.79 × lnHRPFS + 0.00 × FT(p)

FT, Freeman-Tukey transformation; lnHROS, log-transformed hazard ratio of OS; ln HRPFS, log-transformed hazard ratio of PFS; OS, overall survival; 
p, proportion of PD-L1+ patients, PD-L1+, programmed cell death ligand 1-positive; PFS, progression-free survival; PH, proportional hazard; RCT, 
randomized controlled trial.
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Trial-Level Surrogacy
•	 Trial-level surrogacy showed strong correlation between HRPFS and HROS, with no significant association 

with PD‑L1+% (Table 2), suggesting that the surrogacy relationship between PFS and OS was not 
impacted by the level of PD-L1 positivity

•	 The estimated STE was 0.81, indicating that the predicted HROS was statistically significant for an HRPFS 
< 0.81 (Figure 2), indicating the practical utility of the model as this HRPFS is achievable in a clinical trial

	— Data for the sensitivity analyses are available via the QR code

•	 The estimated surrogacy equations for predicting HROS from HRPFS in primary and sensitivity analyses are 
summarized in Table 3

LOOCV Analyses
•	 LOOCV was conducted for the 11 comparisons from 10 studies that reported HROS, HRPFS, and the 

proportion of patients with PD-L1+ tumors
•	 The 95% prediction intervals captured the published HRs for all 11 studies, indicating good predictability of 

the PFS-OS surrogacy relationship (Figure 3)
•	 LOOCV data for the sensitivity analyses are available via the QR code

•	 Results of the sensitivity analyses were similar to those of the primary analysis, with correlations ranging 
from 0.81 to 0.90; the coverage rate in LOOCV was consistently 100%, indicating good predictability (Table 4)

•	 STE ranged from 0.76 to 0.81 for the sensitivity analyses

Individual-Level Surrogacy 
•	 Individual-level surrogacy showed moderate correlation between PFS and OS in the primary analysis 
•	 Results of the sensitivity analyses were similar to those of the primary analysis with simulation method 

consistently estimating a moderate strength Pearson's correlation of approximately 0.6 (Table 5)
•	 Numerically stronger correlations were observed in the PD-L1+ subgroup than in the PD-L1-negative 

(PD-L1−) subgroup (Table 5)

Strengths
•	 First PFS/OS surrogacy study conducted in frontline setting of mTNBC population
•	 Strength of PFS/OS association was ascertained considering population (eg, PD-L1 status) and study 

characteristics (eg, RCTs without crossovers) 
•	 Assessed both trial-level and individual-level surrogacy relationships, which is one of the evidence 

requirements for reimbursement authorities
•	 Consistent results across sensitivity analyses, indicating that the study selection did not impact the results

Limitations
•	 In the absence of patient-level data from each of the studies, individual-level surrogacy results were 

generated through simulation methodology, which could be associated with uncertainty

Identified in SLR:
RCTs (n = 52) and other studies (n = 74)

Eligible for CMA: 52 studies comprising 56 treatment comparisons

• RCTs (n = 47)
• Retrospective cohort studies (n = 6)
• Non-randomized clinical trial (n = 1)
• Paired single-arm studies (n = 2)
 
Study conduct: 
• Comparisons permitting crossover (n = 8)

• HRPFS (n = 47)
• HROS (n = 41)
• PD-L1 subgroups (n = 13)

Outcome combinations: 
• HRPFS and HROS (n = 32)
• HRPFS, HROS, and PD-L1 subgroups (n = 11)

Design of included comparisons
(n = 56)

Reported outcomes of comparisons
(n = 56)

1/4 1/2 1

STE: 0.81

HRPFS

2 4

1/
4

1/
2

1
H

R
O

S

2
4

Study
IPATunity170 (NCT04177108) – PD-L1−
IPATunity170 (NCT04177108) – PD-L1+
SYNERGY (NCT03616886)
KEYNOTE-355 (NCT02819518)
IMpassion132 (NCT03371017)
IPATunity130 (NCT03337724)
IMpassion130 (NCT02425891)
Garrido-Castro study (NCT03414684)
TORCHLIGHT (NCT04085276)
IMpassion131 (NCT03125902)
CBCSG006 (NCT01287624)

Predicted OS
(95% PI)

0.79 (0.27-2.33)
1.08 (0.37-3.12)
0.85 (0.33-2.18)
0.90 (0.36-2.21)
1.04 (0.47-2.33)
1.10 (0.45-2.71)
0.87 (0.38-1.99)
1.06 (0.37-3.05)
0.86 (0.38-1.93)
0.90 (0.39-2.08)
0.76 (0.33-1.78)

Observed OS
(95% CI)

1.21 (0.55-2.65)
1.04 (0.52-2.07)
1.10 (0.66-1.82)
0.89 (0.76-1.05)
0.94 (0.75-1.17)
1.08 (0.73-1.59)
0.84 (0.71-1.00)
0.63 (0.32-1.24)
0.67 (0.50-0.91)
1.12 (0.88-1.43)
0.90 (0.61-1.34)

Alignmenta

Model-predicted HROS

Reported HROS

95% CI (reported HROS) and 
95% PI (model-predicted HROS)

1/8 1/4 1/2 1
HROS

2 4 8
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LOOCV for the Sensitivity Analysis Excluding Crossovers Trials

Model predicted HROS

Reported HROS

95% CI (reported HROS) and 
95% PI (model-predicted HROS)

The axis is in log scale.
*A green checkmark indicates that the 95% prediction interval around the green diamond captured the blue diamond.
CI, confidence interval; HR, hazard ratio; LOOCV, leave-one-out cross-validation; PD-L1, programmed cell death-ligand 1; PI, predicted interval; OS, overall survival.
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Prediction Line and STE for the Sensitivity Analysis Excluding 
Crossovers Trials

The axis are in log scale. Each circle represents the HROS and HRPFS from a single comparison (scaled by sample size). The solid black line represents the predicted HROS for each value of HRPFS and the dashed lines represent the 
95% credible band around the prediction line. The red cross is the STE, the smallest HRPFS for which the predicted HROS is statistically significant.
HR, hazard ratio; OS, overall survival; PFS, progression-free survival; STE, surrogate threshold effect.
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LOOCV for the Sensitivity Analysis Excluding Paired Single-Arm Studies

Model predicted HROS

Reported HROS

95% CI (reported HROS) and 
95% PI (model-predicted HROS)

The axis is in log scale.
*A green checkmark indicates that the 95% prediction interval around the green diamond captured the blue diamond.
CI, confidence interval; HR, hazard ratio; LOOCV, leave-one-out cross-validation; PI, predicted interval; OS, overall survival.
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Prediction Line and STE for the Sensitivity Analysis Excluding Paired 
Single-Arm Studies

The axis are in log scale. Each circle represents the HROS and HRPFS from a single comparison (scaled by sample size). The solid black line represents the predicted HROS for each value of HRPFS and the dashed lines represent the 
95% credible band around the prediction line. The red cross is the STE, the smallest HRPFS for which the predicted HROS is statistically significant.
HR, hazard ratio; OS, overall survival; PFS, progression-free survival; STE, surrogate threshold effect.
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LOOCV for the Sensitivity Analysis Excluding Studies Violating 
the PH Assumption 

Model predicted HROS

Reported HROS

95% CI (reported HROS) and 
95% PI (model-predicted HROS)

The axis is in log scale.
*A green checkmark indicates that the 95% prediction interval around the green diamond captured the blue diamond.
CI, confidence interval; HR, hazard ratio; LOOCV, leave-one-out cross-validation; PI, predicted interval; OS, overall survival.
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Prediction Line and STE for the Sensitivity Analysis Excluding Studies 
Violating the PH Assumption

The axes are in log scale. Each circle represents the HROS and HRPFS from a single comparison (scaled by sample size). The solid black line represents the predicted HROS for each value of HRPFS and the dashed lines represent the 
95% credible band around the prediction line. The red cross is the STE, the smallest HRPFS for which the predicted HROS is statistically significant.
HR, hazard ratio; OS, overall survival; PFS, progression-free survival; PH, proportional hazard; STE, surrogate threshold effect.
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LOOCV for the Sensitivity Analysis Including RCTs Only 

Model predicted HROS

Reported HROS

95% CI (reported HROS) and 
95% PI (model-predicted HROS)

The axis is in log scale.
*A green checkmark indicates that the 95% prediction interval around the green diamond captured the blue diamond.
CI, confidence interval; HR, hazard ratio; LOOCV, leave-one-out cross-validation; PD-L1, programmed cell death-ligand 1; PI, predicted interval; OS, overall survival.
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Prediction Line and STE for the Sensitivity Analysis Including RCTs Only

The axis are in log scale. Each circle represents the HROS and HRPFS from a single comparison (scaled by sample size). The solid black line represents the predicted HROS for each value of HRPFS and the dashed lines represent the 
95% credible band around the prediction line. The red cross is the STE, the smallest HRPFS for which the predicted HROS is statistically significant.
HR, hazard ratio; OS, overall survival; PFS, progression-free survival; RCT, randomized clinical trial; STE, surrogate threshold effect.
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