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Purpose: Progression free survival (PFS) is increasingly used as a primary end-point in

oncology clinical trials. This paper provides observations and recommendations on the

use of a blinded independent central review (BICR) for progression.

Patients and methods: The findings and recommendations are based on extensive simula-

tions and a meta-analysis based on 27 previously conducted randomised phase III trials

with BICR performed by the Pharmaceutical Research and Manufacturers Association

(PhRMA) sponsored PFS Independent Review Working Group.

Results: Results of the meta-analysis demonstrate a strong correlation between LE and

BICR estimates of treatment effect (R = 0.947). Further, differences between treatment

groups in discordance rates predict the differences between LE and BICR estimates of treat-

ment effect supporting the use of a sample-based BICR on a subgroup of patients.

Conclusion: The meta-analysis demonstrates that local evaluation (LE) provides a reliable

estimate of the treatment effect with little evidence for systematic evaluation bias. There-

fore, when a trial is blinded or a large effect on PFS is observed a BICR may not be war-

ranted. When a BICR is warranted, a sample-based BICR may provide a reduction in

operational complexity without compromising the credibility of trial results. While for

large trials that are not adequately blinded a sample-based BICR may be recommended.

A full BICR should be considered in the case of smaller trials or in situations in which there

is a particular need to increase the confidence in the LE results.

� 2011 Elsevier Ltd. All rights reserved.
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and careful methodologic consideration.1 The focus of this

paper is on methods to identify and measure the impact of

evaluation bias.

Recently, many phase III trials with PFS as a primary end-

point have employed blinded independent central review

(BICR) of radiologic images. This typically involves a review

of all scans for all patients to independently evaluate both

the presence and timing of progression.

It has been argued that central review provides a mecha-

nism for reducing bias in the evaluation of progression.2 A re-

cently published literature review to assess differences

between BICR and local evaluation (LE) for both tumour re-

sponse rate (RR) and PFS3 concluded that there is significant

variability between the LE and BICR results and, therefore.

that all phase III trials with a PFS end-point should be sub-

jected to a BICR.3 With respect to PFS, the review focused on

differences in the medians and, therefore, did not directly

examine concordance of treatment effect, as measured by

the hazard ratio (HR) for BICR and LE.3 Based on a review of

BICR for PFS, by other authors, which covered results from se-

ven randomised clinical trials there appeared to be no addi-

tional information added by performing a BICR and it was

concluded that the implementation of BICR for trials with a

PFS end-point should not be universally recommended.4 Fur-

ther, BICR introduces new potential biases in estimating

treatment effects due to handling of patients who progress

per the LE but not by BICR.4 BICR should, therefore, be viewed

as an ‘audit’ tool to confirm the results of the LE.4

The goals of the PHRMA PFS independent review working

group were to (1) quantify the relationship between the esti-

mated treatment effect based on LE versus BICR and (2) to

understand the impact of discordance between the LE and

BICR on the estimation of treatment effects and subsequently

to make recommendations on the use of BICR in phase III tri-

als. The findings are summarised in this paper.

When considering evaluation of PFS it is critical to differ-

entiate between measurement error and bias. We define bias

as any systematic process that can lead to an expected esti-

mate of the treatment effect that does not reflect the true ef-

fect. In this paper we focus on evaluation bias which derives

from the subjective aspects of PFS evaluation.1 As an exam-

ple, in an open-label trial progression could be systematically

declared earlier in one treatment arm if in the opinion of the

investigator, that arm is perceived to be inferior to the other

arm(s) in the trial.

From the trial design and importantly from a drug devel-

opment perspective the impact of bias is far more trouble-

some than the impact of measurement error. When

systematic bias is present, depending on the direction of the

bias, the chance of a false positive finding (type I error) from

a trial can be inflated and the potential for overestimating

the treatment benefit introduced. The impact of evaluation

bias on the estimates of treatment effect is discussed more

fully in subsequent sections of this paper. The companion pa-

per addresses the separate issue of measurement error and

demonstrates that it can attenuate the observed treatment ef-

fect, therefore, decreasing the power of the trial.5

When PFS is subjected to BICR, there may be discordance

with the LE. Discordance can be defined in several ways but

fundamentally it represents a disagreement between LE and
BICR with respect to either the progression status of the

patient or the timing at which progression occurs. A key con-

troversy is whether discordance represents systematic bias/

unreliability in the estimate of the treatment effect, or

whether such discordance is simply a reflection of the vari-

ability inherent in the process.

In this paper we show that in previously conducted trials

observed discordance is largely a reflection of variability in

the process and not systematic bias. We further develop the

concept of discordance by evaluating the utility of traditional

measures of discordance for identifying evaluation bias ver-

sus some new proposed measures. We evaluate the impact

of discordance on the key goal of any clinical trial: the reliable

estimation of treatment effect. We introduce the concept of

differential discordance, defined as the difference between

treatment arms in discordance rates, as the key framework

for evaluating bias in the LE. Results are provided from a

meta-analysis of 27 trials which employed BICR and LE of

PFS and a more detailed evaluation of discordance from 12

of those trials. Finally we propose a framework for performing

a sample-based BICR as an audit to confirm the reliability of

LE.

2. Patients and methods

The meta-analysis was performed using summary informa-

tion based on results of 27 randomised phase III trials in solid

tumours that employed prospectively or retrospectively de-

fined independent review of scans for progression. The trials

identified in a recently published literature search were used

and expanded upon to capture additional data available in the

public domain.3 The expanded search included a review of

key FDA regulatory meetings, ASCO presentations and key

oncology publications. The correlation of LE and BICR HRs

was evaluated using a Pearson inter-class correlation coeffi-

cient. A zero intercept linear regression model was also fit

after testing for the significance of the intercept term. To

quantify the magnitude of agreement in the estimated treat-

ment effect the HR ratio (HRR) was calculated as described in

a recently published meta-analysis of cardiovascular out-

comes.6 The HRR was defined as the ratio of the BICR HR to

LE HR. The overall HRR and associated 95% confidence inter-

val across the 27 trials were estimated using a random effects

model weighted by the study size with log HR as the depen-

dent variable and trial as a random effect.

Additional detailed data on discordance rates were pro-

vided directly from the sponsor for 12 of the 27 trials. Based

on their sensitivity for detecting evaluation bias, two mea-

sures, the early discrepancy rate and late discrepancy rate

as defined below, were chosen and differential discordance

rates were calculated. The agreement between BICR and LE

within a treatment arm is represented in a tabular form below

(Table 1.)

The early discrepancy rate (EDR) is defined as:

EDR ¼ bþ a3
aþ b

The EDR represents the positive predictive value of inves-

tigator assessment and quantifies the frequency with which

the LE declares progression early relative to BICR within each



Table 2 – Meta analysis study characteristics.

Full meta-analysis
(N = 27)

Meta-analysis
subgroup (N = 12)b

Tumour type
Colorectal 6 5
Breast 9 3
Renal 6 1
Othera 6 3

Study size
Median 579 488.5
Min, Max 200, 1286 200, 1286

Study characteristics
Blinded 12 3
RECIST criteria 21 7
a Includes trials in non-small cell lung cancer, prostate cancer,

melanoma, mesothelioma, Glioblastoma and ovarian cancer.
b Trial data contributed from GlaxoSmithKline, Eli Lilly, Hoffman

La Roche, AstraZeneca.

Table 1 – BICR versus LE disease progression assessments.

BICR

PD No PD

Investigator PD a = a1 + a2 + a3 b
No PD c d

Note: In practice a LE PD occurring later than a BICR PD (a3) would

be observed rarely.

a1: number of agreements on timing and occurrence of PD.

a2: number of times LE declares PD later than BICR.

a3: number of times LE declares PD earlier than BICR.

Hazard Ratio by Investigator Assessment
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Fig. 1 – BICR versus LE HR by blinding status of trial.
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arm as a proportion of the total number of investigator as-

sessed PD’s.

The late discrepancy rate (LDR) is defined as

LDR ¼ cþ a2
bþ cþ a2þ a3

The LDR quantifies the frequency that LE declares progres-

sion later than BICR as a proportion of the total number of

discrepancies within the arm. If the distribution of discrepan-

cies is similar between the arms then this suggests the ab-

sence of evaluation bias favoring a particular arm.

The EDR and LDR can be calculated for each treatment arm

and the differential discordance around each measure can be

defined as the rate on the experimental arm minus the rate

on the control arm. A negative differential discordance for

the EDR and/or positive differential discordance for the LDR

are suggestive of a bias in the LE favoring the experimental

arm.

The methodology for a sample-based BICR was developed

based on empirical methods using simulation and results

from the meta-analysis. Details of the simulation parameters

and simulation results are provided in Appendix A.

3. Results

A summary of the characteristics for the trials included in the

meta-analyses is presented in Table 2. Additional details on

each study are provided in Appendix B, Table B.1.8–33

The degree of association between LE and BICR estimates

of the treatment effect is high (R = 0.947 (95% Confidence

interval, CI: 0.88, 0.97), Fig. 1); as demonstrated in the figure,

in the majority of cases the LE HR and the BICR HR are highly

concordant. The estimated HR ratio between BICR and LE is

1.03 (95% CI: 0.98–1.08) indicating on average a 3% difference

between the two evaluations. Seventeen (63%) of the trials

had an HR ratio between 0.9 and 1.1 (<10% difference between

BICR and LE), while only 2 studies (7%) had an HR ratio indi-

cating >15% difference between BICR and LE.

The findings of the meta-analysis were supported by sim-

ulation. The simulation results (Appendix A, Tables A.1 and

A.2) demonstrate that when no evaluation bias is present,

HR estimates are nearly identical even with a marked level

of discordance present within each arm. The simulation re-

sults in Appendix A further demonstrate that a marked level

of differential discordance, resulting from substantial evalua-

tion bias, must be present in order to significantly bias the

estimation of the treatment effect.
3.1. Discordance as a measure of evaluation bias in a
sample based BICR

The typical metrics for quantifying discordance are con-

founded by efficacy as they divide the number of patients

who have a disagreement between the BICR and LE by the

number of patients randomised. Even in the absence of eval-

uation bias, the less efficacious arm will have a greater oppor-

tunity to have disagreements by virtue of having more events

(Appendix A, Tables A.1 and A.2). Further, the degree of differ-

ential discordance also depends on the maturity of the data

(Appendix A, Fig. A.1).

The LDR and EDR by contrast, only show differential dis-

cordance in the presence of evaluation bias independent of

data maturity (Appendix A, Tables A.1 and A.2 and Fig. A.1).



Table 3 – Summary of discordance measures.

Discordance measure Control
(N = 12)

Experimental
(N = 12)

Proportion disagreement on
censoring status
Mean (SD) 0.36 (0.10) 0.37 (0.10)
Median 0.37 0.37
Min, Max 0.17, 0.54 0.14, 0.48

Proportion disagreement on
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This finding is further supported by the meta-analysis (Fig. 2)

where the difference in LDR was associated with the extent of

disagreement in the HR as measured by the HRR (R = 0.582,

95% CI: 0.015, 0.086). A similar correlation was observed for

differential discordance as measured by the EDR and the

HRR (Fig. 3, R = –0.601, 95% CI: –0.867, 0.013). The association

observed in Figs. 2 and 3 for the EDR and LDR has been con-

firmed through simulation (Appendix A, Fig. A.2). Across the

12 trials in the analysis, disagreement on timing or occur-

rence of progression was observed on average in 51% and
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timing or occurrence of PD
Mean (SD) 0.51 (0.13) 0.52 (0.13)
Median 0.51 0.55
Min, Max 0.27, 0.71 0.23, 0.67

EDR
Mean (SD) 0.41 (0.13) 0.45 (0.12)
Median 0.43 0.49
Min, Max 0.18, 0.63 0.13, 0.56

LDR
Mean (SD) 0.33 (0.17) 0.33 (0.13)
Median 0.30 0.28
Min, Max 0.15, 0.77 0.21, 0.56
52% of subjects and BICR disagreed with LE progression on

average in 38% and 41% of subjects in the control and exper-

imental arms respectively (Table 3). Further, discordance rates

were similar between the arms across all measures with an

average differential discordance close to 0. Both the LDR

and EDR have utility as tools to screen for the presence of

evaluation bias in the LE.

Based on the findings from the meta-analysis and statisti-

cal simulations, we developed a procedure for a sample-based

BICR. The goal of the procedure is to detect potential evalua-

tion bias in the LE of PD by performing a BICR in a random

sample of patients. This is achieved through an analysis of

differential discordance. The sample-based BICR is designed

to detect evaluation bias based on a large underlying differen-

tial discordance rate of 0.15 or greater using threshold values

ranging from 0.075 to 0.1. Differential discordance rates of

0.15 predict for relative differences in the HR between the

LE and BICR evaluations of 20–30% (Appendix A, Fig. A.2). To

detect this level of differential discordance with adequate

sensitivity and specificity sample-based BICRs of between

100 and 160 subjects in total are recommended. A sample-

based BICR of this size provides sensitivity of 80% to detect

a difference in EDR and LDR rates when the true difference

between arms is 0.15 or greater and a similar specificity

(Table 4). With the LDR the number of subjects needed may

vary depending on the number of discrepancies in timing or

occurrence of progression that are observed. Based on a re-

view of discordance data from the 12 trials on average such

discrepancies occurred in 50% of subjects with the rates

exceeding 40% in all but one of the trials.
4. Discussion and conclusion

PFS is an end-point that is increasingly used for the registra-

tion of anti-cancer therapies. The increased use of this end-

point in phase III settings has resulted in the use of BICR as



Table 4 – Sensitivity and specificity for the EDR and LDR

Discordance measure Threshold valuec Discrepancy rate
control/experimental

Sensitivityd (%) Specificitye (%)

Early discrepancy rate (N = 80)a D 6 –0.100 0.40/0.20 81 87
0.45/0.25 83 85
0.50/0.30 83 84

D 6 –0.075 0.35/0.20 78 80
0.40/0.25 77 78
0.45/0.30 76 77

Late discrepancy rate (N = 160)b D P 0.100 0.40/0.60 82 82
0.45/0.65 82 82
0.50/0.70 82 81

D P 0.075 0.40/0.55 75 75
0.45/0.60 75 75
0.50/0.65 75 75

Sensitivity and specificity calculated assuming binomial distributions for the discordance rates in each arm.
a Assumes 80 PD events are sampled. Specificity is calculated assuming experimental discrepancy rate in the control arm.
b One hundred and sixty subjects sampled to attain 80 subjects with discordance in timing or occurrence of PD. Specificity is calculated

assuming control discrepancy rate in the experimental arm.
c Threshold value represents the differential discordance value at which evidence for evaluation bias is concluded.
d Sensitivity: Proportion of time threshold is exceeded assuming differential discordance in column.
e Specifity: Proportion of time threshold is not exceeded assuming equal discrepancy rates in the two arms.
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a common feature of trial design and analysis. The use of

BICR has, not unexpectedly, resulted in disagreements for

individual patients between BICR and LE with respect to both

timing and occurrence of progression. In general discordance

between the LE and BICR can be a function of measurement

error, which is known to be present in the process, or system-

atic bias in the LE.

Given the measurable level of disagreement observed be-

tween two blinded reviewers7 and our own results, there is

now strong evidence to believe that discordance is largely

reflective of the variability inherent in the process and not

systematic bias. These disagreements have been magnified

by the fact that follow-up disease assessments are typically

not available once progression is declared per LE and, there-

fore, the progression time for the BICR is often not known.

This feature of the design leads to informative censoring in

the BICR analysis of PFS. If evaluation bias is present, neither

the LE nor BICR evaluation will provide an unbiased estimate

of the treatment effect.4 This result has been confirmed

through simulations (Appendix A, Tables A.1 and A.2). The

LE would be directly impacted by evaluation bias while the

BICR evaluation would be impacted by different rates of infor-

mative censoring between the arms.

The meta-analysis presented, which included both blinded

and unblinded trials in several solid tumours, demonstrated

that HR estimates based on the LE and BICR are highly concor-

dant. This finding exists in the presence of a marked degree of

individual patient discordance in the timing or occurrence of

progression. This suggests that in most cases the LE provides

a reliable estimate of treatment effect. The results covered a

broad range of outcomes and tumours to allow for meaning-

ful conclusions regarding the reliability of the LE. While we

did not examine differences between prospective and retro-

spective BICRs both were represented in the meta-analysis.

These potential differences merit further investigation. Our
proposed sample-based BICR is intended to be prospectively

defined as part of the study design.

Two metrics have been proposed that are sensitive mea-

sures of evaluation bias. It has been shown both through clin-

ical trial results and statistical simulation that a large

magnitude of differential discordance can be associated with

divergent estimates of treatment effect between the LE and

BICR. While some guidance is provided regarding a threshold

value of differential discordance, the ultimate decision as to

whether to proceed to a full BICR should be based on a weight

of evidence including careful examination of the point esti-

mates and confidence intervals for differential discordance

across both the EDR and LDR. Based on the simulation results

and the sensitivity and the specificity of the proposed proce-

dure, we believe that observed differential discordance values

of 0.075 or greater are suggestive of the possibility of evalua-

tion bias.

The use of BICR increases trial complexity and cost and is

an added burden to both investigators and sponsors. Based on

the observations from our meta-analysis and simulations, the

routine use of BICR in all randomised trials evaluating PFS as

an end-point is not recommended. In cases where BICR is uti-

lised we believe the intent should not be to re-estimate the

treatment effect. Therefore, we have proposed the use of a

sample-based BICR. There are several situations in which a

sample-based BICR might be useful. In non-blinded trials for

example, a sample-based BICR in lieu of a 100% BICR would

be desirable, particularly where the anticipated effect size

on PFS is unknown. Alternatively, in situations where a large

effect on PFS is observed or anticipated or where the trial is

blinded, neither a sample-based or full BICR may be neces-

sary. However, due to the toxicity profiles of anti-cancer

agents true blinding may be difficult to achieve and, therefore,

careful thought should be given to whether or not to perform

a BICR. There are also situations where a full BICR may be
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warranted. In smaller trials (N < 300 patients) a sample-based

BICR may not be feasible or offer limited savings in terms of

cost and complexity. There may also be situations in which

there is a strong desire to increase the confidence in the LE

(e.g. in tumour types where progression is more difficult to

define or measure). In such cases a full BICR may be

considered.

There are several logistical aspects of a sample-based BICR

that need to be considered. All scans should be centrally man-

aged, to allow maximum flexibility regarding management of

the sample-based BICR, and to prevent significant delays and

logistical hurdles associated with having to retrospectively re-

trieve the scans from the investigational centres. A typical ap-

proach would be to take a random sample of all subjects for

the sample-based BICR including those who have progressed

by LE and those who have not. An alternative approach which

reduces cost and complexity is to sample and centrally review

only the LE PD events, however, this reduces the number of

discordance measures that can be evaluated and may intro-

duce bias if investigators know which scans will be subjected

to a BICR. As to the timing of the sample-based BICR, a simple

approach is to prospectively identify a random sample of

patients once enrolment is complete, and perform the central

review of scans after the clinical cutoff has been achieved but

prior to breaking the randomisation code. A second approach,

if one is sampling events only, is to perform the central review

during the conduct of trial, randomly selecting subjects who

progressed by LE. An additional approach for consideration

is to draw a random sample while the study is ongoing from

the first set of patients enrolled in the trial. Results could be

shared with an IDMC who could in turn make recommenda-

tions regarding the need for further central review. Lastly,

one may choose to look at the PFS results of the LE before

deciding on whether to proceed with a sample-based BICR.

This may be a useful approach in a setting where large, robust

effects on PFS are observed.

In summary, we feel that the recommendations presented,

advocating a careful assessment of the need for a BICR and

the possibility of a sample-based approach, will lead to more

efficient, cost-effective randomised trials in oncology with a

PFS end-point. These gains in efficiency and cost, in our view,

will not compromise the interpretability of the results or the

integrity of the trial as a whole, and as such will ultimately al-

low new therapies to patients more rapidly and efficiently.
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