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Abstract Background: Surrogates are frequently used in cancer medicine as the end-point of

clinical trials and as the basis of United States Food and Drug Administration approvals, but

they do not always represent outcomes that are important for patients. We aim to build upon

previous umbrella reviews of surrogate validation studies by identifying and examining all

meta-analyses of randomised controlled trials that evaluate the strength of correlation between

overall survival (OS) and surrogate markers.

Methods: Google Scholar and PubMed were searched by two independent reviewers for all

eligible meta-analyses of randomised controlled trials examining the correlation between a sur-

rogate end-point and OS in medical oncology. Included studies were trial-level (level-1) meta-

analyses of randomised controlled trials in cancer. Data abstracted include date of publica-

tion, tumour type, setting, trial set, number of studies included in the analysis, dates of

included publications, correlation coefficients and method to determine the correlation coeffi-

cient.

Results: Seventy-eight articles met the inclusion criteria and reported correlations in 89 set-

tings. Eleven (12%) of these validation studies found only high correlation(s), while nine

(10%) settings showed a moderate-only correlation. Thirty-four (38%) reported only low cor-

relation(s). Thirty-five (39%) reported correlations of different strengths, depending on surro-

gate marker used and test of correlation.
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Conclusions: In this large, umbrella analysis of surrogate validation studies, we found most

surrogates in oncology had low or modest correlation with OS, which suggests that caution

should be used when making conclusions based on surrogate markers.

ª 2018 Elsevier Ltd. All rights reserved.
1. Background

Surrogates are frequently used in cancer medicine as the

end-point of clinical trials and as the basis of United

States Food and Drug Administration approvals.
Approximately two-thirds of all cancer drugs are

approved based on improvements in surrogates, such as

response rate or progression-free survival (PFS) [1].

Downing et al. found that among all pivotal trials sup-

porting United States Food and Drug Administration

approval between 2005 and 2012, 84% used surrogate

end-points [2], and Kay et al. found that approximately

two-thirds of randomised trials in cancer medicine rely
on surrogate end-points [3].

Surrogate end-points provide the opportunity to

speed the time it takes for cancer drugs to reach market

or for clinical trial results to accrue. However, they also

carry the potential downside of providing misleading

inferences regarding the benefit of therapy. For instance,

bevacizumab was approved in metastatic breast cancer

on the basis of improvement in PFS (a surrogate) and
later withdrawn from market when multiple randomised

trials failed to confirm a survival benefit [4].

One method to validate surrogate end-points is to

identify their correlation with clinically meaningful end-

points, such as overall survival (OS). Measuring surro-

gate validity requires the use of meta-analyses of rand-

omised controlled trials, calculating the correlation

between the change in the surrogate end-point and
change in OS across a series of clinical trials. These

analyses, often called meta-regression or surrogate

validation studies, use prior randomised trials in a spe-

cific disease setting (tumour type/line of therapy/setting

of therapy) to characterise the value of the surrogate

end-point in that setting. There is growing interest in

performing such analyses.

Prior studies have examined surrogate validation
studies in cancer medicine (i.e. umbrella reviews) [5,6].

Since these publications, there have been additional

meta-analyses examining the correlation between OS

and surrogate makers. Updating prior umbrella reviews

could help to refine knowledge about the strength of

association between surrogate markers and OS across a

wider range of cancer types. It could also deepen our

understanding of the specific nuances of the correlation
between surrogate markers and OS (e.g. newer versus

older treatments or setting of treatment, etc.). Further-

more, treatment options often change over time,
potentially modifying the association between surrogate

markers and more clinically meaningful end-points.

In this review, we aim at building upon previous

umbrella reviews of surrogate validation studies [5,6] by

identifying and examining all meta-analyses of rando-

mised controlled trials that evaluate the strength of
correlation between OS and surrogate markers. In

addition to presenting findings from all years and in all

settings, we will also characterise findings from more

recent years and in specific settings of treatment.

2. Methods

We sought to assemble an updated and comprehensive

collection of all trial-level surrogate validation studies in

oncology. A surrogate validation study seeks to assess
the correlation between a surrogate end-point (e.g.

response rate or PFS) and an end-point that is inher-

ently valuable to patients, such as OS or health-related

quality of life. Trial-level validation is also referred to as

level 1 validation and examines the extent of changes in

the surrogate end-point across arms of clinical trials and

how they predict changes in clinically meaningful end-

points [7]. We limited our analysis to correlations be-
tween surrogates and survival, as other groups have

examined correlations between surrogates and health

related quality of life [8].

2.1. Study selection

Eligible studies were all meta-analyses of randomised

controlled trials examining the association between a

surrogate end-point and OS in medical oncology. There

were no restrictions on the setting of medical therapy,

including metastatic, neoadjuvant, adjuvant, or locally

advanced. Immunotherapy correlations were included
as a separate category, as it is increasingly appreciated

that the relationships between surrogates and survival

may be unique for this class of agents [9].

Only trial-level (level-1) analyses were included

because this is the highest level of evidence for estab-

lishing the validity of a surrogate end-point [10,11] and

was the standard used in a prior umbrella review [5]. We

included studies that sought to compare any surrogate
end-point (response rate, disease-free survival, etc.)

against OS. Studies that only reported individual-level

(level 2) correlations were excluded. We also excluded

investigations containing non-randomised data. Studies
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that did not use each trial as unique point (i.e. studies

with multiple locations using each location as a unique

point) were excluded. These criteria were adopted from

a prior investigation [5].

2.2. Search strategy

We searched both Google Scholar and PubMed for

relevant studies. Search terms used for MEDLINE

were (‘regression’ or ‘correlation’) and ‘surrogate’ and
‘end point’ [or endpoint] and ‘overall survival’ and

(‘oncology’ or ‘cancer’). Search terms used for Google

Scholar were (‘regression’ or ‘correlation’) and ‘surro-

gate’ and ‘end point’ [or endpoint] and ‘overall survival’

and ‘trial level’. Additionally, we supplemented our re-

sults with studies included in three prior analyses

[5,6,12]. Searches were performed on 25th January 2018,

but an analysis that was published after that date pro-
vided additional studies to add to the present analysis

[12]. Each article was screened by two reviewers (A.H.

and J.G.).

2.3. Extracted data and statistical analysis

Data abstracted from each of the meta-analyses

included date of publication, tumour type, setting, trial

set, number of studies included in the analysis, dates of
included publications, correlation coefficients and

method to determine the correlation coefficient. In

describing the trial set, we defined a convenience sample

as a data source that was readily available to the study

investigator in the absence of a systematic review.

The strength of association between surrogate end-

points and OS was graded using criteria proposed by the

Institute of Quality and Efficiency in Health Care [13]
and adapted by Prasad et al. [5]: low-strength correla-

tion (r � 0.70), medium-strength correlation (r > 0.7 to

r < 0.85), and high-strength correlation (r � 0.85).

Descriptive statistics (number and percentage) were

ascertained for the following: general characteristics of

the studies included, studies and correlations in each

setting, correlations in individual trial-level analyses and

correlations in each treatment setting since 2015.
Descriptive statistics were calculated in Microsoft Excel.

All data for this analysis are presented in Table 1.

2.4. AERO graphing

An AERO graph was created to map the temporal data

for trial-level surrogates in oncology [14]. For this

analysis, we graphed date of surrogate study publication

versus indication (i.e. tumour type and setting). The
nodes were colour-coded according to the strength of

correlation between surrogate outcome and OS. Studies

that found a high level of correlation were coloured

green, studies that found a medium level of correlation

were coloured yellow, and studies that found a low level
of correlation were coloured red. The size of the node

corresponded to the number of trials included in each

meta-analysis.
3. Results

Our search strategy yielded 227 results (Fig. 1). A

recursive, manual search based on references in prior

reviews identified an additional 12 studies. Seventy-eight

articles met the inclusion criteria and reported 89 trial-

level or level-1 correlations for one or multiple cancer

settings. Data abstracted from each article are presented
in Table 1.

Most studies reported correlations in the metastatic

setting (n Z 59; 76%). Ten articles (13%) reported cor-

relations in the adjuvant setting, six (8%) in the neo-

adjuvant, three studies (4%) reported correlations in

the locally advanced, and three articles (4%) examined

immunotherapy agents. We grouped these separately as

the relationship between surrogates and survival may be
unique among this class of drugs [9]. Thirty-seven (47%)

articles were published in 2015 or thereafter.

Twenty-three (29%) studies drew correlations from

published articles and abstracts; 21 (27%) studies used

published articles only; 16 (21%) used articles, meeting

abstracts, and searched trial registries; seven (9%) used

articles and registries; three (4%) did not provide or

clearly provide data sources; five (6%) used a convenience
sample; and three (4%) used ‘other’ data sources (e.g.

trials). One study was published in 2000; none were

published between 2001 and 2004 and during 2010; 2e5

studies were published per year during years 2005e2009,

2011e2012, and 2018; 11 per year were published during

years 2013 and 2016, while nine were published each year

for years 2014 and 2015; and 13 were published in 2017.

In total, correlations were reported in 89 settings, as
some articles presented correlations in multiple settings.

A map of the evolution of evidence for trial-level sur-

rogates (AERO diagram) is shown in Fig. 2. Most of

these correlations were in the metastatic setting

(n Z 64), where 16 reported on colorectal cancer, nine

reported on nonesmall-cell lung cancer (NSCLC), and

eight reported on breast cancer, among other cancer

types.
Eleven (12%) of these validation studies found only

high correlation(s), while nine (10%) settings showed a

moderate-only correlation (see Table 1). Thirty-four

(38%) reported only low correlation(s). Thirty-five

(39%) reported correlations of different strengths,

depending on surrogate marker used and test of corre-

lation. When considering the treatment setting (all

years), only six (9%) of the 65 studies reporting in the
metastatic setting were high correlation only; eight

(12%) were moderate strength only; 23 (35%) were low

strength only; and 28 (43%) had correlations of different

strengths.



Table 1
Summary of characteristics and correlations in trial-level surrogate meta-analyses examining the correlation between surrogate end-points and overall survival in oncology.

Primary author

name

Tumour Trial set Number of

trials

examined

Years included 1st Trial-

level

correlation

1st Correlation

description

2nd

Trial-level

correlation

2nd Correlation

description

3rd

TrialeLevel

correlation

3rd Correlation

description

Surrogacy

strength

Adjuvant setting

Ng et al., 2008 [21] Breast Convenience

sample

126 Published 1966

e2006
0.62 DFS Low

Buyse et al., 2008

[22]

Colorectal Not well

described

10 Not well

described

0.94 DFS, early

disease, copula,

logHR

0.82 DFS, advanced

disease, copula,

logHR

High (early)

Medium

(advanced)

Sargent et al.,

2005 [23]

Colon Convenience

sample

18 Accrual period

1977e1999

0.78 DFS, bivariate

survival model

0.94 DFS, weighted,

Spearman

Medium (linear)

High (weighted)

Sargent et al.,

2011 [24]

Colon 6 Phase III

adjuvant colon

clinical trials not

included in prior

ACCENT

analyses

6 Accrued period

1997e2002

0.76 DFS, 2-year DFS

and 5-year OS,

weighted

0.61 DFS, copula 2-

year DFS on 5-

year OS, copula

Low (copula)

Medium

(weighted)

Oba et al., 2013

[25]

Gastric Articles and

registries

14 Close to accrual

in 2004

0.98 DFS, Spearman,

logHR

High

Harshman et al.,

2017 [26]

Renal cell Articles,

abstracts and

registries

11 Published 1966

e2016
0.69 DFS 0.66 PFS (logHR) Low

Suciu et al., 2017

[27]

Melanoma Articles 13 Published 1996

e2008
0.49 RFS (13 trials) 0.96 RFS (11 trials,

excluding the

trials using

vaccine)

0.95 RFS (excluding

ECOG 2696

trial)

Low (13 trials)

High (fewer)

Michiels et al.,

2009 [28]

Head and neck Articles and

abstracts

9 Accrual period

1965e2000

0.84 LRC, weighted,

HR

0.93 EFS, weighted,

HR

High (EFS)

Medium (LRC)

Mauguen et al.,

2013 [29]

Lung (operable

and locally

advanced)

Articles,

abstracts and

registries

17 Accrual period

1988e2003

0.96 DFS, bivariate

survival model

High

Petrelli et al., 2017

[30]

Pancreatic Articles and

registries

12 Published before

February 2017

0.66 DFS, weighted,

HR

Low

Locally advanced

Michiels et al.,

2009 [28]

Head and neck Articles and

abstracts

50 Accrual period

1965e2000

0.72 LRC 0.86 EFS Medium (LRC)

High (EFS)

Mauguen et al.,

2013 [29]

Lung (operable

and locally

advanced),

concurrent

Articles,

abstracts and

registries

15 Accrual period

1984e2001

0.98 PFS, weighted,

logHR

High

Mauguen et al.,

2013 [29]

Lung (operable

and advanced),

sequential

Articles,

abstracts and

registries

8 Accrual period

1984e1999

0.98 PFS, weighted,

logHR

High

Chen et al., 2015

[94]

Nasopharyngeal Articles,

abstracts and

registries

21 Published before

2015

0.95 PFS, weighted

linear regression

(logHR)

0.94 Failure-free

survival, weighted

linear regression

(logHR)

High

Metastatic

Moriwaki et al.,

2016 [31]

Biliary tract

(advanced)

Articles and

abstracts

17 Published

through

February 2015

0.81 PFS, weighted

linear regression

0.54 RR, weighted

linear regression

0.58 DCR, weighted

linear regression

Medium (PFS)

Low (RR and

DCR)
(continued on next page)
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Table 1 (continued )

Primary author

name

Tumour Trial set Number of

trials

examined

Years included 1st Trial-

level

correlation

1st Correlation

description

2nd

Trial-level

correlation

2nd Correlation

description

3rd

TrialeLevel

correlation

3rd Correlation

description

Surrogacy

strength

Bruzzi et al., 2005

[32]

Breast Articles 10 Published 1991

e2001
0.32 RR, logOR 0.45 RR, delta Low

Hackshaw, 2005

[33]

Breast,

advanced

Articles 46 for RR

26 for PFS

Published 1966

e2005
0.58 Tumour response

and disease

progression,

weighted linear

regression

(logHR)

0.35 pCR, weighted

linear regression

(logHR)

0.75 TTP, weighted

linear regression

(logHR)

Low (TR and

pCR)

Medium (TTP)

Burzykowski et

al., 2008 [34]

Breast Convenience

sample

11 Published 1999

e2008
0.69/0.48 PFS HR

(Spearman

correlation/

copula) (end-point

versus treatment

effects)

0.68/0.49 TTP (Spearman/

copula)

Low

Miksad, 2008 [35] Breast,

anthracycline

Articles and

abstracts

16 Published 1987

e2005
0.59 HR (log) PFS Low

Miksad, 2008 [35] Breast, taxane Articles and

abstracts

15 Published 1996

e2006
0.70 HR (log) PFS Low

Sherrill et al., 2008

[36]

Breast Articles 67 Published 1994

e2007
0.55 TTP (HR),

weighted

Low

Wilkerson and

Fojo, 2009 [37]

Breast Articles 14 Published 2000

e2008
0.55 PFS (delta) 0.88 PFS (HR) Low (delta)

High (HR)

Beauchemin et al.,

2014 [38]

Breast Articles,

abstracts and

registries

144 Published 1990

e2010
0.43 PFS/TTP

(unweighted

Spearman)

0.52 PFS (Spearman) 0.31 TTP (Spearman) Low

Petrelli and Barni,

2014 [39]

Breast Articles 21 2000e2012 0.81 PFS 0.61 RR High (PFS)

Low (RR)

Adunlin et al.,

2015 [40]

Breast

(anthracyclines,

taxanes, or

targeted

therapies)

Articles,

abstracts and

registries

72 Published 1990

e2015
0.46/0.56 PFS, HR

univariate

Spearman/

weighted

multivariate

0.52/0.66 PFS delta

univariate

Spearman/

weighted

multivariate

Low

Michiels et al.,

2016 [41]

Breast (HER2-

positive)

Articles 9 Published 1992

e2008
0.71 PFS, logHR,

weighted linear

regression

0.81 PFS, weighted Medium

Liu et al., 2016

[42]

Breast (2nd or

3rd line)

Articles and

abstracts

24 Published 1999

e2014
0.78 PFS/TTP,

Spearman’s rank

0.54 ORR, Spearman’s

rank

0.57 PFS/TTP, HR

Spearman’s rank

Low (ORR and

PFS/TTP, HR)

Medium (PFS/

TTP, Spearman)

Buyse et al., 2000

[43]

Colorectal,

advanced, first

line

Convenience

sample

25 Data collected

1990e1996

0.62 Tumour response,

log HR, linear

Low

Johnson et al.,

2006 [44]

Colorectal Articles and

abstracts

146 Before 1992

e2005
0.57 TTP (delta)

weighted

0.32 RR (delta)

weighted

Low

Buyse et al., 2007

[45]

Colorectal

(advanced), first

line

Not well

described

13 Published 1981

e1990
0.99 PFS, log (HR)

(treatment effects)

0.82 PFS, Spearman

correlation

High (PFS,

logHR)

Medium (PFS,

Spearman)

Tang et al., 2007

[46]

Colorectal

(metastatic), first

line

Articles,

abstracts and

registries

39 Published 1990

e2005
0.59/0.39 RR (rho/delta)

(across/within)

0.24/0.52 TTP (rho/delta) 0.79/0.74 PFS (rho/delta) Low (RR, TTP)

Medium (PFS)

A
.
H
a
sla

m
et

a
l.
/
E
u
ro
p
ea
n
J
o
u
rn
a
l
o
f
C
a
n
cer

1
0
6
(
2
0
1
9
)
1
9
6e

2
1
1

2
0
0



Wilkerson and

Fojo, 2009 [37]

Colorectal Articles 23 Published 1993

e2009
0.80 PFS (delta) 0.72 PFS (HR) Medium

Chirila et al., 2012

[47]

Colorectal Articles and

abstracts

62 PFS/TTP

35 PFS

1991e2009 0.87 PFS/TTP, simple

correlation

0.69 PFS/TTP,

regression

0.77 PFS, regression Low (PFS/TTP)

Medium (PFS)

High (PFS/TTP)

Giessen et al.,

2013 [48]

Colorectal,

chemo only, first

line

Articles and

abstracts

50 Published 2000

e2012
0.87 PFS, weighted

linear

High

Giessen et al.,

2013 [48]

Colorectal,

monoclonal

antibodies, first

line

Articles and

abstracts

19 Published 2000

e2012
0.47 PFS, weighted

linear

Low

Petrelli and Barni,

2013 [49]

Colorectal Articles,

abstracts and

registries

34 Published before

2012

0.64 Median PFS,

Spearman

0.88 PPS, Spearman 0.59 PFS delta,

Spearman

Low (PFS)

High (PPS)

Sidhu, 2013 [50] Colorectal Articles and

abstracts

24 Published 2000

e2011
0.86 PFS, weighted

linear regression,

logHR

0.62 RR High (PFS)

Medium (RR)

Giessen et al.,

2015 [51]

Colorectal,

second line

Articles and

abstracts

23 Published 2000

e2013
0.73 PFS, weighted

Pearson’s

0.58 RR, weighted 0.74 DCR, weighted

Pearson’s

Medium (PFS

and DCR)

Low (RR)

Shi et al., 2014 [52] Colorectal, first

line

Convenience

sample

22 Published 1997

e2006
0.68 PFS, copula

logHR

0.73 PFS, weighted

logHR

Low (copula)

Medium

(weighted)

Ciani et al., 2015

[53]

Colorectal

(advanced)

Articles and

registries

101 Published 2003

e2013
0.75/0.58 PFS Spearman/

weighted linear,

HR

0.80/0.81 TTP Spearman/

weighted linear,

HR

Low (PFS,

weighted)

Medium (others)

Colloca et al.,

2016 [54]

Colorectal Articles and

abstracts

11 Published 2000

e2014
0.84 PFS, linear, delta 0.76 RR, linear, delta 0.75 DCR, linear,

delta

Medium

Montagnani et al.,

2016 [55]

Colorectal

(advanced)

Articles and

abstracts

12 Published 2003

e2015
0.82 PFS, weighted

logHR

0.78 PFS, unweighted

logHR

Medium

Cremolini et al.,

2017 [56]

Colorectal Articles and

abstracts

21 (PFS)

20 (RR)

Published before

October 2015

0.73 PFS (HR),

weighted

Pearson’s

0.17 RR, weighted

Pearson’s

0.66/0.86 PFS (HR) for

anti-angiogenic/

‘other’ drugs,

weighted

Pearson’s

Low (RR)

Medium (PFS,

Pearson’s)

High (PFS,

‘other’ drugs)

Zhu et al., 2017

[57]

Diffuse large B-

cell lymphoma

Articles and

abstracts

108 Published 1993

e2013
0.90/0.73 PFS, 6-month

PFS (2-year OS/5-

year OS),

weighted linear

regression

High (2 years)

Medium (5

years)

Kawakami et al.,

2013 [58]

Gastric Articles and

abstracts

43 Published 1990

e2011
0.50 PFS, Spearman 0.73 PPS, Spearman 0.55 PFS delta,

Spearman

Low (PFS)

Medium (PPS)

Paoletti et al.,

2013 [59]

Gastric,

advanced/

recurrent

Articles 20 Accrual period

through 2006

0.78 PFS, linear

regression

(logHR)

Medium

Shitara et al., 2014

[60]

Gastric,

advanced,

second line

Articles and

abstracts

10 Published 2002

e2013
0.36 PFS/TTP, HR

Spearman’s rank

Low

Lee, 2016 [61] Hepatocellular Articles 9 Published 2008

e2015
0.73/0.64 TTP, Spearman/

weighted linear

regression

Medium

(Spearman)

Low (weighted)

Flaherty et al.,

2014 [62]

Metastatic

melanoma

Articles,

abstracts and

registries

12 Published 2006

e2013
0.89 PFS, weighted

Pearson’s (logHR)

High

(continued on next page)
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Table 1 (continued )

Primary author

name

Tumour Trial set Number of

trials

examined

Years included 1st Trial-

level

correlation

1st Correlation

description

2nd

Trial-level

correlation

2nd Correlation

description

3rd

TrialeLevel

correlation

3rd Correlation

description

Surrogacy

strength

Cartier et al., 2015

[63]

Multiple

myeloma

Articles and

registries

21 Published 2002

e2013
0.80 PFS (logHR) 0.82 PFS (HR) Medium

Rotolo et al., 2017

[64]

Nasopharyngeal Articles,

abstracts and

registries

20 Accrual period

1988e2010

0.97 PFS, bivariate

survival model

(logHR)

0.98 Distant

metastasis-free

survival

High

Zhu et al., 2017

[57]

Non-Hodgkin’s

lymphoma,

mantle cell

lymphoma

Articles and

abstracts

108 Published 1993

e2013
0.83 PFS, 6-month

PFS (2-year OS),

weighted linear

regression

Medium

Lee et al., 2011

[65]

Non-Hodgkin’s

lymphoma

(aggressive)

Articles,

abstracts and

registries

17 Published 1990

e2009
0.58/0.41 pCR (3-year OS)

rho for aggressive/

indolent

0.5/0.21 pCR (5-year OS)

rho for aggressive/

indolent

0.81 EFS/PFS (5-

year OS) for

aggressive,

linear regression

Low (pCR)

Medium (EFS/

PFS)

Johnson et al.,

2006 [44]

NSCLC Articles and

abstracts

191 Before 1992

e2005
0.44 TTP (delta)

weighted

0.40 RR, (delta)

weighted

Low

Hotta et al., 2009

[66]

NSCLC

(advanced)

Articles,

abstracts and

registries

54 Published 1994

e2006
0.57 TTP, weighted Low

Hotta et al., 2011

[67]

NSCLC

(advanced)

Articles and

abstracts

70 Published 1991

e2010
0.51 PFS and median

survival time,

weighted linear

regression

Low

Petrelli and Barni,

2013 [68]

NSCLC,

maintenance

Articles,

abstracts and

registries

10 Published before

2012

0.37 PFS, Spearman 0.75 PPS, Spearman 0.64 PFS delta,

Spearman

Low (PFS)

Medium (PPS)

Hotta et al., 2013

[69]

NSCLC Articles,

abstracts and

registries

34 Published 1991

e2010
0.38 PFS, weighted

linear regression

Low

Aboshi et al., 2014

[70]

NSCLC Articles 65 Published 2003

e2012
0.69 PFS, Spearman 0.84 PPS, Spearman Low (PFS)

Medium (PPS)

Hotta et al., 2015

[71]

NSCLC, phase 3

trials

Articles,

abstracts and

registries

18 0.48 PFS-HR,

weighted linear

regression

0.32 RR, weighted

linear regression

Low

Suzuki et al., 2015

[72]

NSCLC, second

line and further

Articles 32 Published 2000

e2012
0.38 PFS, Spearman,

weighted

0.42 PFS (HR),

Spearman,

weighted

Low

Nakashima et al.,

2016 [73]

NSCLC Articles 44 Published 2005

e2015
0.47 PFS, (logHR;

delta PFS: 0.40;

simple r Z 0.48)

0.59 RR, (logOR;

simple r Z 0.48)

0.42 DCR (logOR;

simple r Z 0.47)

Low

Wilkerson and

Fojo, 2009 [37]

Ovarian Articles 15 Published 1983

e2008
0.77 PFS (delta) 0.85 PFS (HR) Medium (delta)

High (HR)

Colloca and

Venturino,

2017 [74]

Ovarian

(advanced)

Articles 38 1990e2016 0.71 PFS (logHR) 0.55 PFS, Spearman 0.41 RR, Spearman Medium (PFS,

linear)

Low (PFS and

RR, Spearman)

Siddiqui et al.,

2017 [75]

Ovarian, second

line

Articles and

abstracts

31 Published 2000

e2015
0.82 RR, weighted

linear regression

0.73 DCR, weighted

linear regression

Medium (RR)

Low (DCR)

Petrelli et al., 2015

[76]

Pancreatic Articles,

abstracts and

registries

18 Published 2002

e2013
0.78 PFS/TTP Medium
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Hamada et al.,

2016 [77]

Pancreatic

(advanced)

Articles and

registries

50 Published 1995

e2015
0.92 PFS (HR)

weighted

0.55 RR (OR)

weighted

0.81 DCR (OR)

weighted

High (PFS)

Medium (DCR)

Low (RR)

Colloca et al.,

2016 [78]

Pancreatic

(advanced)

gemcitabine-

based treatment

versus

gemcitabine

alone

Articles 22 (chemo)

þ 15

(targeted

therapy)

Published 1997

e2014
0.67/0.80 PFS, Spearman’s/

linear (logHR)

0.29/0.38 RR, Spearman’s/

linear (logHR)

0.62/0.75 DCR,

Spearman’s/

linear (logHR)

Low (PFS,

Spearman; RR)

Medium (PFS,

linear; DCR)

Makris et al., 2017

[79]

Pancreatic

(metastatic,

locally

advanced, or

unresectable)

Articles and

abstracts

24 Published 2000

e2015
0.85/0.83/0.86 DFS, weighted/

fixed effects/

random effects

(logHR)

0.71/0.74/0.74 DCR, weighted/

fixed effects/

random effects

(logHR)

0.27/0.52/0.45 RR, weighted/

fixed effects/

random effects

(logHR)

Medium (DFS

and DCR)

Low (RR)

Xie et al., 2017

[80]

Prostate

(localised)

Not well

described

24 (DFS);

19 (MFS)

Accrual 1987

e2011
0.85 DFS, weighted

(logHR)

0.96 metastasis-free

survival, weighted

(logHR)

High

Delea et al., 2012

[81]

Renal cell Articles and

abstracts

31 Published 1997

e2010
0.80 PFS/TTP,

weighted Pearson

correlation

(logHR)

0.54 PFS/TTP delta,

weighted Pearson

correlation

0.78 RR, weighted

Pearson’s (log

RR)

Low (PFS/TTP,

delta)

Medium (RR,

PSF/TTP,

logHR)

Petrelli and

Barni., 2013

[82]

Renal cell Articles 6 Published before

2011

0.87 PFS (not delta) 0.36/0.26 PFS, delta,

Spearman’s /linear

0.49/0.52 Delta RR,

Spearman’s

/linear

Low (RR, PFS,

delta)

High (PFS, not

delta)

Bria et al., 2015

[83]

Renal cell,

targeted

Articles and

abstracts

10 Published before

2013

0.85 PFS, Pearson’s High

Johnson et al.,

2015 [84]

Renal cell Articles and

registries

11 Published 1946

e2013
0.70 PFS, weighted

errors in variable

regression

0.66 PFS, ordinary

linear regression

Low

Hotta et al., 2009

[85]

SCLC Articles,

abstracts and

registries

48 Published 1990

e2008
0.58 RR and median

survival time,

multivariable

adjusted

regression

Low

Foster et al., 2015

[86]

SCLC Articles 10 Accrual 1982

e2007
0.93 PFS (platinum/

etoposide

treatment

combination;

copula); weighted

0.91

0.90 PFS, (all 10 trials;

Copula); 0.88

weighted

High

Roviello et al.,

2017 [87]

Solid tumours

(non-SCLC,

melanoma,

SCLC, renal,

prostate)

Articles and

registries

17 Published before

March 2017

0.69 RR (solid

tumours),

weighted, (logHR)

0.03 RR (NSCLC) Low

Amir et al., 2012

[88]

Solid tumours

with treatments

approved by the

United States

Food and Drug

Administration

in the 10 years

prior

FDA-approved

therapies �12

months SPP

7 Published 2002

e2012
0.38 PFS, weighted

Pearson’s

Low

(continued on next page)
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Table 1 (continued )

Primary author

name

Tumour Trial set Number of

trials

examined

Years included 1st Trial-

level

correlation

1st Correlation

description

2nd

Trial-level

correlation

2nd Correlation

description

3rd

TrialeLevel

correlation

3rd Correlation

description

Surrogacy

strength

Amir et al., 2012

[88]

Solid tumours

with treatments

approved by the

United States

Food and Drug

Administration

in the 10 years

prior

FDA-approved

therapies <12

months SPP

19 Published 2002

e2012
0.64 PFS, weighted

Pearson’s

Low

Neoadjuvant

Cortazar, 2014

[89]

Breast Articles 12 Published 1990

e2011
0.49 pCR, (HR)

weighted linear

regression

Low

Berruti et al., 2014

[32]

Breast Articles and

abstracts

29 Published before

March 2013

0.30 pCR,

logOR(pCR) on

logHR(OS);

weighted

Low

Kataoka et al.,

2017 [90]

Oesophageal Articles and

abstracts

10 Published 1990

e2014
0.53 PFS (HR),

weighted linear

regression

Low

Petrelli et al., 2017

[91]

Gastro-

oesophageal

Articles 16 Published before

August 2016

0.52 DFS/PFS (logHR) 0.41 pCR (logOR; 15

trials)

Low

Michiels et al.,

2009 [28]

Head and neck Articles and

abstracts

30 Accrual period

1965e2000

0.53 LRC 0.79 EFS Medium (EFS)

Low (DCR)

Petrelli et al., 2017

[30]

Rectal Articles 9 DFS/13 pCR Published before

August 2015

0.64 PFS, delta

Spearman (3-year

DFS and 5-year

OS)

0.20 pCR, delta

Spearman

Low

Immunotherapy

Bria et al., 2015

[83]

Renal cell,

targeted

Articles and

abstracts

10 Published before

2013

0.84 PFS, Pearson’s Medium

Mushti et al., 2018

[92]

Not specific Immunotherapy

trials of anti-

PD1/PD-L1 67

agents submitted

to the FDA

13 2014e2016 0.13 PFS 0.13 RR low

Abdel-Rahman,

2018 [93]

Renal cell Articles 4 Published

through 2017

0.40 RR, Spearman 0.39 PFS, Spearman Low

Abdel-Rahman,

2018 [93]

Urothelial Articles 9 Published

through 2017

0.12 RR, Spearman Low

DCR Z disease control rate; DFS Z disease-free survival; ECOG Z Eastern Cooperative Oncology Group; EFS Z event-free survival; FDA Z Food and Drug Administration; HR Z hazard ratio;

LRC Z locoregional control; MFS Zmetastasis-free survival; NSCLCZ nonesmall-cell lung cancer; ORZ odds ratio; ORR Z overall response rate; OS Z overall survival; PFSZ progression-free

survival; PPSZ post-progression survival; pCRZ partial complete response; RFSZ relapse-free survival; RRZ response rate; SCLCZ small-cell lung cancer; SPPZ survival post-progression; TTP

Z time to progression.
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PubMed ar cles

N=39

Total included ar cles

N=78

Did not meet 
inclusion criteria

N=161

Total ar cles

N=227

Included PubMed and 
Google Scholar

ar cles

N=66

Google Scholar 
ar cles

N=188

Ar cles from previous 
systema c reviews

N=12

Fig. 1. Consort flow diagram of the process to determine which studies were included for the strength of correlation analysis.
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For the ten correlations in the adjuvant setting, two

(20%) were high only, none were moderate only, three

(30%) were low only, and five (50%) reported correla-

tions of different strengths. In the four studies reporting

in the locally advanced setting, three had high correla-
tions and one had different strengths of correlation.

Most correlations in the neoadjuvant setting were low

(n Z 5; 83%) and only one (17%) had correlations of

different strengths. Three correlations in the immuno-

therapy setting were low, while one was moderate

strength.
When restricting to the 37 settings from articles

published in 2015 or later, the percentages were similar:

four studies (11%) had high correlation only, seven

(19%) had moderate correlation, 12 (32%) had low

correlation only, and 14 (38%) had correlations of
different strengths.

There were 193 individual trial-level correlations re-

ported, as some reported different methods to calculate

correlation and used different surrogate markers

(Fig. 3). Of these, 34 (18%) were high correlation, 55

(28%) were moderate correlation, and 104 (54%) had



Fig. 2. Accumulating Evidence and Research Organization (AERO) graph of 81 trial-level surrogate validation studies. Each node in the

figure corresponds to a single correlation analysis (some publications included multiple analyses), arranged by publication date on the x-

axis and cancer/setting on the y-axis. The node size corresponds to the number of trials included in each meta-analysis, and the node

colour represents the strength of correlation between a surrogate outcome and overall survival: green corresponds to high level of cor-

relation, yellow to medium, and red to a low level of correlation. In studies that used multiple methods of determining correlation, the

strongest correlation is used for colour classification. Abbreviations: NSCLC Z nonesmall-cell lung cancer; SCLC Z small-cell lung

cancer.
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low correlation (Fig. 2). When looking at the most

common surrogate markers, regardless of cancer type,

correlation was low in 48% (n Z 40/83) of PFS indi-

vidual trial-level analyses, moderate for 33% (nZ 27/83)
analyses, and high for 19% (n Z 16/83) analyses.

Conversely, for the 32 individual trial-level analyses that

used response rate, 29 (91%) were low correlation, three

(9%) were moderate, and none were high.

4. Discussion

4.1. Principle findings

In this, the largest and most updated umbrella analysis

of all published correlation studies, we find that about
82% of the correlations between surrogate markers and

OS in oncology are low or moderate in strength, and

only about 18% are strong. The largest prior study

found 36 articles that assessed the correlation between
surrogate markers and OS, but the present study found

78 articles that assessed this correlation. Another very

recently published study was comprehensive but also

included studies that were not limited to trial-level data

or randomised trials, which are not considered as strong

of evidence [12]. In this comprehensive analysis, we find

that most surrogates in oncology only weakly predict

survival.
A notable proportion of cancer drugs are approved

on surrogate markers [1,2], and the proportion is even

higher among cancer drugs approved with the
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breakthrough designation, where 96% relied on a sur-

rogate end-point [15]. Thus, the findings of our article

suggest that large clinical trial agendas in oncology may

be using end-points that only weakly predict improved

survival.

Weak surrogate end-points may be particularly con-

cerning considering that many drugs that are approved

are not later assessed for OS. For a number of these
drugs, OS is not shown, either because post-market

studies fail to report these findings or because the drug

may not extend survival [1,16,17]. The use of weak

surrogates is also concerning because common in-

dications may be more likely to be affected by the

approval of drugs based on weak surrogates than other

less common indications. For example, in the present

analysis, almost one-third of studies in the metastatic
setting that had low-only correlations were in studies on

breast cancer, whereas only about 17% of all included

studies were on the topic of breast cancer.

It is notable that immunotherapeutic drugs appear to

have low correlation between surrogate markers and

OS. Consider pembrolizumab that, as of 8th August

2018, has 12 approvals, seven of which are based on a

surrogate end-point [18]. While the studies included in
this meta-analysis represent a small segment of the uses

of immunology drugs, when examined, these drugs had

largely poor correlations between surrogate markers and

OS.

The major strength of our study is that it looks at

these correlations over a wide variety of settings and

cancer types. While the number of different settings and

cancer types is large and making direct comparisons is
not very meaningful, the distribution of low,

medium and high correlations across the different set-

tings has been consistent with prior reports.

As can be seen in the AERO graph, the majority of

indications have only one study, and the correlation is
usually small. For many cancers, this is what we would

expect, because there is not a high volume of research

activity to do a large trial-level meta-analyses. By

contrast, NSCLC has many large correlation studies

with discordant results. This may be explained by the

fact that there are many NSCLC lung cancer trials in

diverse settings. However, given that the datasets for

these studies should overlap (at least in part), this may
be a setting where we have enough evidence to come to a

reasonably definitive conclusion about the correlation

between surrogate markers and survival: namely, that

they are poor trial-level surrogates and should not be

used for approval.

4.2. Strengths and limitations

The major strength of our study is that it looks at these
correlations over a wide variety of settings and cancer

types. While the number of different settings and cancer

types is large and making direct comparisons is not very

meaningful, the distribution of low, medium, and high

correlations across the different settings has been

consistent with prior reports. Another strength is that

this analysis uses only trial-level correlations and meta-

analyses from randomised controlled trials, both
considered highest quality evidence.

There are at least four limitations to this study. First,

because of different methodology used to determine

correlation in each of the studies, the results may not

always be directly comparable, so we presented the raw

correlation coefficients reported. Different methods or

analysis plans could influence the strength of associa-

tion. For example, when multiple methods to determine
correlation were presented, weighted correlation co-

efficients were almost always higher than non-weighted

models. For models that used the delta hazard ratios,

the correlation coefficient was often, but not always,
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lower than the other models. The concern here is that

multiple analysis plans may be pursued and strongest

results reported [19].

The second limitation is that different researchers

may disagree on what correlation is strong, moderate or

weak. We used a scaling system adapted from the

German Institute for Quality and Efficiency in Health

Care group, but others have proposed more stringent
thresholds. For example, some authors have proposed a

threshold of 0.9 for determining high correlation [13].

We report all the raw data in the article to let readers

interpret these coefficients in other ways.

The third limitation is that of crossover, which may

modify the relationship between the surrogate and sur-

vival [20]. While we were unable to consider studies with

and without crossover separatelydas these were not
separated in the primary publicationsdwe nevertheless

feel it is unlikely that crossover would have impacted the

results of this analysis, as many studies were conducted

before the widespread use of crossover in study design.

Moreover, more recent meta-analyses would arguably

include more crossover studies, yet the correlations seen

here were not remarkably different than in prior articles.

Finally, by using multiple individual trial-level cor-
relations, the number of correlations may be inflated for

each strength-level category. However, this inflation is

unlikely to affect the relative proportion of articles

classified as weak, moderate or strong. We have pre-

sented all reported associations to allow the reader to

conclude which correlation is most relevant (e.g. delta

versus hazard ratio).

5. Conclusion

In this large, umbrella analysis of surrogate validation

studies, we found most surrogates in oncology had low
or modest correlation with OS. Given the widespread

use of surrogates in regulatory decisions and clinical

practice guidance, our results provide a cautionary note.
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