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ARTICLE INFO ABSTRACT
Article history: It can be difficult to identify endpoints that accurately reflect patient benefit in metastatic
Available online 22 November 2011 solid tumors. Overall survival (OS) is the gold standard although progression-free survival

(PFS) is sometimes used as a surrogate for OS. Statistical modelling has suggested that the
Keywords: association between OS and PFS becomes weaker in diseases with longer survival post-pro-
Cancer Trials gression (SPP). To evaluate these statistical hypotheses we determined the relationship
Endpoints between PFS and OS in control and experimental arms of randomised trials conducted in
Surrogacy the last 10 years, which have led to drug approval. Our data confirm that PFS is a poor sur-

Patient reported outcomes

rogate for OS when SPP is long, but it is a better surrogate where SPP is short. In cancers

Survival with short SPP designing trials to show OS benefit is feasible and, therefore, remains the

preferred approach. In tumours with long SPP, PFS is not clinically meaningful unless it

is also associated with improvement in patient reported outcomes such as quality of life.

The oncology community should consider the further development and validation of com-

posite endpoints including patient reported outcomes and PFS across different disease
sites. Such endpoints have been successfully used in cancer trials in the past. With
improvements in therapy and prolonged survival of patients with many cancers, and with
increasing pressure from healthcare payers to prove that treatment leads to patient benefit,
the choice of optimal endpoints for clinical trials is increasingly important. Composite

measures comprising patient reported outcomes and intermediate endpoints such as PFS

may be the solution and should be investigated further.
© 2011 Elsevier Ltd. All rights reserved.

1. Introduction patients from one therapy to another can decrease the ability

to detect an improvement in OS due to the experimental ther-
For patients with metastatic solid tumours, designing clinical apy, while heterogeneity in the natural history of disease
trials to show a difference in overall survival (OS) between the post-progression, and differences in post-progression man-

experimental and control arms can be difficult. Cross-over of agement, can dilute any effect due to earlier treatment.
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Therefore, it has been suggested that intermediate endpoints
such as progression-free survival (PFS) can be used as a surro-
gate for OS.

For an outcome measure to be valid as a surrogate end-
point it needs to fulfil certain criteria. First, there should be
strong and consistent correlation between the surrogate and
definitive endpoints. Once correlation is established, a surro-
gate endpoint should also predict the net effect of treatment
on the clinical outcome.™? While it is simple to assess corre-
lation between a surrogate and definitive endpoint, assess-
ment of net effect requires complex regression analyses.? To
date, no intermediate endpoint has been shown to be a uni-
versal measure of direct patient benefit or a consistent surro-
gate for OS across different disease sites.* Evidence for the
validity of surrogate endpoints in specific malignancies is also
variable. In the setting of first-line treatment of advanced
colorectal cancer with fluorouracil-based chemotherapy, PFS
has been shown to correlate strongly with 0S.> The correla-
tion coefficient between treatment effects on PFS and on OS
is also high6 and therefore, PFS has been validated as a surro-
gate endpoint for OS. PFS has also been validated as a surro-
gate for OS in ovarian cancer,” but in advanced breast cancer
criteria for surrogacy of PFS were not met.®

It is unclear why PFS can be validated as a surrogate for OS
in some cancers but not others. Statistical modelling assess-
ing the correlation of PFS and OS for different hypothetical
durations of survival post-progression (SPP) in a single dis-
ease site model suggested that the association between OS
and PFS is likely to become weaker with increasing SPP.° How-
ever, assumptions made during these statistical simulations
could compromise external validity. For example, it was pos-
tulated that treatment only influenced PFS and had no effect
on SPP. This may not always be true as treatments given in
early stages of disease might alter tumour biology and influ-
ence outcomes at later stages.'® Preclinical studies have sug-
gested accelerated tumour growth, invasion and metastasis
after withdrawal of certain anti-neoplastic drugs.’>*? Clinical
data do not support these findings,*® however, this remains
an area of uncertainty.*

2. Methods

We therefore explored the correlation between PFS and OS in
real randomised controlled trials (RCTs) supporting registra-
tion of new anti-cancer drugs approved by the US Food and
Drug Administration in the last 10 years. Included agents
were approved for the treatment of metastatic malignancies
in adults. Agents used in supportive cancer care were not in-
cluded. Eligible studies included those reporting HR for PFS (or
time to progression, TTP) and for OS as well as data allowing
for the calculation of SPP. The association between OS and
PFS was assessed using linear regression weighted by the trial
sample size. For the primary analysis, identification of a
cut-off for median SPP with the greatest discrimination was
conducted using a non-parametric (spline) smooth function
applied to the correlation between the ratio of OS to PFS
and to SPP. Secondary analyses were conducted for other
cut-offs for median SPP. These were chosen by either multi-
plying or dividing the primary cut-off by 1.5 and 2.0 times.

The magnitude of correlation was assessed as described by
Burnand et al.’

3. Results

A total of 25 drugs were identified and 48 RCTs were refer-
enced by the FDA in support of the approval process. Fourteen
studies did not report HR for both OS and PFS (or TTP). A fur-
ther eight studies did not report data allowing for the calcula-
tion of SPP. Therefore, 26 studies met the inclusion criteria.
These studies included the evaluation of both chemotherapy
and targeted therapy. Characteristics of included studies are
shown in the Supplementary Table.

Patients with pancreatic and non-small cell lung cancers
had the shortest SPP, those with colorectal, renal and head
and neck cancer had intermediate SPP while those with
breast and ovarian cancers had the longest SPP. Non-para-
metric smoothing analysis identified that the correlation be-
tween the ratio of OS to PFS and median SPP became less
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Fig. 1 - Correlation of overall survival and progression-free
survival. (A) for survival post-progression less than

12 months (Pearson Coefficient R = 0.64). (B) for survival
post-progression of 12 months or more (Pearson Coefficient
R =0.38). The diagonal line is the fitted weighted linear
regression line. The size of the circle is relative to the
sample size of the study.
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Table 1 - Correlation of overall survival and progression-free survival for different cut-offs of survival post progression (SPP).

Primary analysis is shaded.

Cut-off (months) Below cut-off Above cut-off

Number of Median Pearson Number of Median Pearson
studies SPP Coefficient R studies SPP Coefficient R
6 8 5.0 0.50 18 10.0 0.68
8 15 5.6 0.62 11 11.6 0.50
12 19 6.4 0.64 7 18.5 0.38
18 22 7.8 0.57 4 28.5 0.99
24 23 7.8 0.63 3 31.9 -0.28

strong when SPP was approximately 12 months or longer. The
primary analysis was therefore carried out for studies with
SPP <12 months and those with SPP >12months. This
cut-off is also pragmatic and clinically relevant. Secondary
analyses for SPP cut-offs of 6, 8, 18 and 24 months were also
conducted. For the group with SPP <12 months, there was rea-
sonably good correlation between the HRs for OS and for PFS
(R =0.64, see Fig. 1A). For the group with SPP >12 months, the
correlation between the HRs for OS and for PFS was poor
(R =0.38 see Fig. 1B). The correlation coefficients for different
cut-offs for SPP are shown in Table 1. In general, correlations
between PFS and OS were poor to moderate regardless of the
cut-off used.

4, Discussion

Our data support those derived from statistical modelling and
confirm that when SPP is short, there is better correlation be-
tween OS and PFS than when SPP is longer. However, even
where SPP was <12 months the correlation coefficient be-
tween PFS and OS in clinical trials was only 0.64. The use of
PFS as a primary endpoint therefore appears of limited clini-
cal significance in most solid tumours and the oncology com-
munity may be over-interpreting the value of improvement in
this endpoint.*®

This analysis has limitations. First, as described above, in-
cluded studies were conducted in a variety of malignancies
and at different points in the course of disease. This intro-
duces heterogeneity to the analysis as outcomes and treat-
ment options differ between studies. However, it would be
expected that these differences would be accounted for by
differences in SPP and grouping of studies was matched for
this variable. Secondly, only studies reporting HR for OS and
PFS as well as data from which SPP could be assessed were in-
cluded, and our selection may be influenced by publication
bias. Finally, the FDA website was utilised to identify RCTs
which were cited in support of the drug approval process.
Since these studies were ‘positive’, this likely led to higher
correlation between OS and PFS. Our data therefore represent
a best-case scenario. It is expected that in unselected studies
the correlation between PFS and OS would be lower than that
observed in the present analysis.

The choice of optimal primary endpoint for clinical trials
therefore remains contentious. In cancers where SPP is long
relative to PFS (such as in first-line therapy of hormone recep-
tor-positive breast cancers), PFS does not predict for OS and

therefore is a weak endpoint for patient benefit. Unfortu-
nately, it is also difficult to design and execute a trial to show
benefit in OS in this setting. The prevention of progression
and symptoms associated with progression can be as impor-
tant as improving long-term survival in such diseases.
Furthermore, avoidance of equipoise where improvements
in PFS may be countered by treatment-related toxicity is
important especially as newly approved cancer therapies
have been shown to have increased toxicity.” In such set-
tings, improved PFS may be a clinically important outcome,
but only if it leads to improvement in symptoms or quality
of life. If PFS is long relative to SPP (such as first-line therapy
in pancreas or non-small cell lung cancers or later line treat-
ments of other cancers), then OS values are dominated by
PFS, so any effect on PFS will likely also show a benefit in
OS. However, even though PFS may be a valid surrogate, OS
is a more definitive endpoint’® and should therefore be pre-
ferred. Maintenance or improvement of quality of life is
important in this setting and rigorous assessments of patient
reported outcomes are imperative in this setting as well.

The oncology community should consider the develop-
ment and validation of a composite endpoint including PFS
and patient reported outcomes for cancers with long SPP.
Such composite endpoints are in frequent use in other
branches of medicine such as cardiology®*
decision analysis®® pharmaco-economics.?> They have also
been used successfully in oncology.?®?* In the AXIS trial of
axitinib versus sorafenib as second-line therapy for meta-
static renal cell carcinoma, the primary endpoint was PFS
and reported results showed superiority of axitinib.?* Investi-
gators then undertook a secondary analysis of time to deteri-
oration which was defined as a composite endpoint of death,
progression or worsening in patient reported outcomes,
whichever occurred first. Results showed that axitinib
delayed time to this composite endpoint compared with
sorafenib.®® The use of such composite endpoints appears
desirable, but would require validation and testing under a
variety of conditions before being applied to other settings.

Important questions regarding the use of such composite
endpoint remains, especially the relative weighting of PFS
and patient reported outcomes in the final measurement. It
is our view that in order to ensure clinically relevant results,
the composite endpoint should be weighted in favour of pa-
tient reported outcomes and effect sizes for the different
components of the endpoint should be reported to ensure
transparency.?®

as well as in
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With improvements in therapy and prolonged survival of
patients with many cancers, and with increasing pressure from
healthcare payers to prove that treatment leads to patient ben-
efit,”’ the choice of optimal endpoints for clinical trials is
increasingly important. Composite measures comprising pa-
tient reported outcomes and intermediate endpoints such as
PFS may be the solution and should be investigated further.
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