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Surrogate endpoint (SE)
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Guidance for Industry

Clinical Trial Endpoints
for the Approval of Cancer Drugs and Biologics

2007 45 A
B

Chnical ~ Medical
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Updated

Clinical Trial Endpoints
for the Approval of
Cancer Drugs and
Biologics
Guidance for Industry

U.S. Department of Health and Human Services

Food and Drug Administration
Oneolnoy Center of Fxeell

Surrogate endpoints that have undergone this extensive testing are called
validated surrogate endpoints and these are accepted by the FDA as
evidence of benefit. Between 2010 and 2012, the FDA approved 45 percent
of new drugs based on a surrogate endpoint.
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Placebo 743 632 516 412 292 201
Active drug 755 631 507 392 286 198

Figure 1. Actuarial Probabilities of Freedom from Death or Cardi-
ac Arrest Due to Arrhythmia in 1498 Patients Receiving Encainide
or Flecainide or Corresponding Placebo.

The Cardiac Arrhythmia Suppression Trial, NEJM 1991 | 12
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STATISTICS IN MEDICINE, VOL. 8, 431 -440 (1989)

SURROGATE ENDPOINTS IN CLINICAL TRIALS:
DEFINITION AND OPERATIONAL CRITERIA

ROSS .. PRENTICE
Fred Hutchinson Cancer Research Center, 1124 Cotumbia Streer, Seattle, WA 95104, 1/.5.A.

SUMMARY

1 discuss the idea of using surrogate endpoints in the context of clinical frials to compare two or more
frealments or inlerventions in respect to some ‘truc’ endpoint, typically a disease occurrence. In order that
treaiment comparison bascd on a surrogale response variable have a meaningful implication for the
corresponding truc endpoint treutment comparison, a rather restrictive criterion is proposed for use of the
adjective ‘surrogate’. Specifically, I propose that a surrogate for a truc endpoint yicld u valid test of the null
hypothesis of no associstion between treatment and the truc response. This criterion essentially requires the
sarrogate variable to ‘capture’ any relationship between the treatment and the true endpoint, a notion that
can be operationalized by requiring the truc endpoint rate at any follow-up time to be independent of
treatmenl, given the preceding history of the surrogate variable. 1 then discuss this operational criterion in the
examples of the accompanying papers' * and in the setting of trials aimed at the primary and secondary
prevention of cancer.

xey worns  Clinical trials  Discase prevention trials  Hazard rates

Therapeutic trials

Surrogate endpoints

Prentice RL., Statist Med 1989

Surrogate End Points in Clinical Trials: Are We Being Misled?

Thomas R. Fleming, PhD, and David L. DeMets, PhD

Phase 3 clinical trials, which evaluate the effect that new
interventions have on the clinical outcomes of particular
relevance to the patient (such as death, loss of vision, or
other major symptomatic event), often require many par-
ticipants to be followed for a long time. There has recently
been great interest in using surrogate end points, such as
tumor shrinkage or changes in cholesterol level, blood
pressure, CD4 cell count, or other laboratory measures, to
reduce the cost and duration of clinical trials. In theory, for
a surrogate end point to be an effective substitute for the
clinical outcome, effects of the intervention on the surro-
gate must reliably predict the overall effect on the clinical
outcome. In practice, this requirement frequently fails.
Among several explanations for this failure is the possibil-
ity that the disease process could affect the clinical out-
come through several causal pathways that are not medi-
ated through the surrogate, with the intervention's effect
on these pathways differing from its effect on the surro-
gate. Even more likely, the intervention might also affect
the clinical outcome by unintended, unanticipated, and
unrecognized mechanisms of action that operate indepen-
dently of the disease process. We use examples from sev-
eral disease areas to illustrate how surrogate end points
have been misleading about the actual effects that treat-
ments have on the health of patients,

Surrogate end points can be useful in phase 2 screening
trials for identifying whether a new intervention is biolog-
ically active and for guiding decisions about whether the
intervention is promising enough to justify a large defini-
tive trial with clinically meaningful outcomes. In definitive
phase 3 trials, except for rare circumstances in which the
validity of the surrogate end point has already been rigor-
ously established, the primary end point should be the true
clinical outcome.

linical trials are the standard scientific method

for evaluating a new biological agent, drug,
device, or procedure for the prevention or treat-
ment of disease in humans. The phase 3 trial is
designed to evaluate a new agent’s clinical benefit
and possible side effects; as such, it is considered to
be the definitive test of the agent’s usefulness (1-3).
For phase 3 trials, the primary end point should be
a clinical event relevant to the patient, that is, the
event of which the patient is aware and wants to
avoid. Examples are death, loss of vision, symptom-
atic events of the acquired immunodeficiency syn-
drome (AIDS), the need for ventilatory support,
and other events causing a reduction in quality of
life. Trials with these clinical outcomes often have a
long duration and are expensive. As a consequence,
there has recently been great interest in the devel-
opment of alternative outcomes, or surrogate end
points, to reduce the cost and shorten the duration
of phase 3 trials (4-17). As defined by Temple (13),

a surrogate endpoint of a clinical trial is a laboratory
measurement or a physical sign used as a substitute for
a clini gful endpoint that directly
how a patient feels, functions or survives. Changes
induced by a therapy on a surrogate endpoinl are
expected to reflect changes in a clinically meaningful

endpoint.

Examples of surrogate end points are increased
CD4 cell counts or decreased viral load measures
for trials of therapy for human immunodeficiency
virus (HIV) infection or AIDS, suppression of ven-
tricular arrhythmias or reduction in cholesterol level

Fleming TR et al., Ann Int Med 1996 ‘ 14
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Research through International Collaboration
(GASTRIC)

B BHAIOEU Tt B sz muUre
5 MEEEEGRER . F2(E, EIT/ BRBNATT SR
c‘:bﬁ_{ b EA MU TIE 54 ME LB R BR ODAE A
FT—=ACEDATFIZRX (IPDAFTFUSR) Z1TD
Phr=7EEOEEIOS I

2006~2013%F : 1st Round
20144 ~IHTE : 2d RoundZEHEH

33



GASTRIC 15t RoundDiI &
2005 LABIICE N4 ME LB ERE BB\ T,

F(C2D0BMELTIPDAY 7 FH)> A% E N

LB EOBENRICEAT XTI ISR

R CB O AT EEEEOEXE
EITB A B HAZIREVITERREER(CHITD
£41F (overall survival, OS)ICT I3 E S DrRET

R4 7FHAR] (PFS)

-{7HAfE (DFS)

RS

34



GASTRICHAFR LI RITRAFR A

Steering Committee m Advanced setting m Adjuvant setting ® Secretariats

Y Bang m JAjani m S Alberts m KOba

H Bleiberg = N Boku m E Bajetta m X Paoletti
T Burzykowski m O Bouche m J Benedetti m M Buyse
M Buyse m J Buckner = N Boku ® S Michiels
C D?|b?|d0 = C Coombes = O Bouche

S Michiels = S Cullinan m RC Coombes

S Morita = M Dank = JGrau

$ 8E:shi m B Glimelius m J Krook

% Paoletti = R Hawkins m T Kinoshita

C Pozzo m W Koizumi m M Lise

JP Pignon = M Moehler m JS Mac"DonaId

P Rougier = Y Nio m T Nakajima

J Sakamoto m A Ohtsu = A Nashimoto

D Sargent = G Nelson

M Sasako

E Van Cutsem

CFRIFEMEETR. FRIFERFR

\GASTRIC

ICRweb http.//www.icrweb.jp



1st Round®DiiNn

2006~ —2010

Data
collection
and several
meeting

Start
GASTRIC 1st

Round

~—2013

Publications

36

ICRweb http.//www.icrweb.jp



JAMA

Online article and related content
current as of May 4, 2010.

Benefit of Adjuvant Chemotherapy for Resectable
Gastric Cancer: A Meta-analysis

The GASTRIC (Global Advanced/Adjuvant Stomach Tumor Research
International Collaboration) Group

JAMA. 2010;303(17):1729-1737 (doi:10.1001/jama.2010.534)

Figure 2. Individual Trial and Overall Hazard Ratio for Overall Survival When Comparing Any Adjuvant Chemotherapy vs Surgery Alone
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Figure 3. Overall Survival Estimate After Any Chemotherapy or Surgery Alone Truncated at
10 Years
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Any chemotherapy 1924 1688 1385 1217 1080 929 709 526 390 297 243
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The estimates of the survival curves use an actuarial approach as described in the Methods.

The inverse of the variance of ohserved events minus expected events measures the weight of each trial in the analysis. F values are from P-for-effect modification
testing for heterogeneity within or across the groups of regimens. The sizes of data markers are proportional to the number of deaths in the trials. Cl indicates confi-

dence interval; HR, hazard ratio.
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Disease-Free Survival as a Surrogate for Overall Survival
in Adjuvant Trials of Gastric Cancer: A Meta-Analysis

Koj Oba, Xavier Paoletti, Steven Alberts, Yung-Jue Bang, Jacqueline Benedetti, Harry Bleiberg, Paul Catalano, Florian Lordick,
Stefan Michiels, Satoshi Morita, Yasuo Ohashi, Jean-pierre Pignon, Philippe Rougier, Mitsuru Sasako, Junichi Sakamoto,
Daniel Sargent, Kohei Shitara, Eric Van Cutsem, Marc Buyse, Tomasz Burzykowski; on behalf of the GASTRIC group

Manuscript received February 12, 2013; revised July 25, 2013; accepted July 25, 2013.

Comespondence to: Koji Oba, PhD, Translational Research and Climical Trial Centar, Hokkaido Univarsity Hospital, Kita 14, Mishi 5, Kita-ku, Sapporo, Hokkaido
0802848, Japan (e-mail: k.obs@huhp. hokudai.ac jp).

Background In investigations of the effectiveness of surgery and adjuvant chemotherapy for gastric cancers, overall survival
(0S) is considered the gold standard endpoint. However, the disadvantage of using 05 as the endpoint is that
it requires an extended follow-up period. We sought to investigate whether disease-free survival (DFS) is a valid
surrogate for OS5 in trials of adjuvant chemotherapy for gastric cancer.

Methods The GASTRIC group initiated a meta-analysis of individual patient data collected in randomized clinical trials com-
paring adjuvant chemotherapy vs surgery alone for patients with curatively resected gastric cancer. Surrogacy of
DFS was assessed through the correlation between the endpoints as well as through the correlation between the
treatment effects on the endpoints. External validation of the prediction based on DFS was also evaluated.

Results Individual patient data from 14 randomized clinical trials that included a total of 3288 patients were analyzed. The rank
correlation coefficient between DFS and OS5 was 0.974 {95% confidence interval [Cl] = 0.971 to 0.976). The coefficient
of determination between the treatment effects on DFS and on OS5 was as high as 0.964 (95% Cl = 0.926 to 1.000), and
the surrogate threshold effect based on adjusted regression analysis was 0.92. In external validation, the six hazard
ratios for OS predicted according to DFS were in very good agreement with those actually observed for O5.

Conclusions DFS is an acceptable surrngat& for OS5 in trials of cytotoxic agents for gastrit: cancer in the adjuvant setting_.

J Matl Cancer Inst;2013;105:1600-1607
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Trial Observed H Rppg Observed H Rpg  Predicted H Rpg
Jeung 0.63 [0.38, 1.05] 0.56 [0.35, 0.88]% 0.73 [0.46, 1.04]
AlIO 0.67 [0.43, 1.04] 0.82 [0.47, 1.45] 0.76 [0.53, 1.07]
ToGA 0.71[0.59, 0.85]x  0.74[0.60,0.91]% 0.80[0.58. 1.09]
AVAGAST 0.80 [0.68, 0.93]«  0.87 [0.73, 1.03] 0.88 [0.76, 1.14]
Kang 0.80 [0.63, 1.03] 0.85[0.64, 1.13] 0.88 [0.76, 1.14]
Park 0.86 [0.54, 1.37] 0.96 [0.60, 1.52] 0.93[0.71, 1.18]
REAL(a) 0.92 [0.80, 1.04] 0.92 [0.80, 1.10] 0.98 [0.77, 1.22]
REAL(D) 0.92 [0.81, 1.05] 0.86 [0.80, 0.99]x 0.98 [0.77, 1.22]
Ross 0.95 [0.80, 1.08] 0.91 [0.76, 1.04] 1.00 [0.79, 1.29]
FLAGS 0.99 [0.86, 1.14] 0.92 [0.80, 1.05] 1.03 [0.81, 1.31]
Rao .13 [0.63, 2.01] .02 [0.61, 1.70] 1.14 [0.89, 1.46]
Moehler .14 [0.59, 2.21] 0.77 [0.51, 1.17] 1.1510.90, 1.48]
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Validated Surrogate Endpoint

An endpoint supported by a clear mechanistic rationale and
clinical data providing strong evidence that an effect on the
surrogate endpoint predicts a specific clinical benefit.

...can be used to support marketing approval of a medical or
tobacco product in a defined context without the need for
additional studies to demonstrate the clinical benefit directly

Reasonably Likely Surrogate Endpoint
An endpoint supported by strong mechanistic and/or
epidemiologic rationale such that an effect on the surrogate

endpoint is expected to be correlated ..., but without sufficient
clinical data to show that it is a validated surrogate endpoint.

..may be used for accelerated approval for drugs and
potentially also for approval or clearance of medical devices.

FDA-NIH Biomarker Working Group, BEST (Biomarker, Endpoints,
and other Tools) Resource [Internet], 2018 54
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IQWIG (Institute for Quality and Efficiency in
Health Care) i1 RSA(CLBE

Validity proven

FEBE{RERDI5 %S FAX i T BRA'0.854 £
Unclear validity

R < 0.851to >0.7
Proven lack of validity
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Kemp R et al, BMC Med 2017. ‘ 55
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Type of
Disease or Use Patient Population Surrogate endpoint approval Drug mechanism of action
1 appropriate for
. . . Patients with Acute Lymphoblastic i . . .
Cancer: hematological malignancies i Serum asparaginase Traditional Asparagine-specific enzyme
14 Leukemia
. . . Patients with diffuse large B-cell . " . .
_ Cancer: hematological malignancies Event-free survival (EFS) = Traditional Mechanism agnostic*
15 lymphoma

Patients with chronic myeloid leukemia; §
Accelerated/Tr

Cancer: hematological malignancies hypereasinophilic syndrome/chronic Major hematologic response ditional § Mechanism agnostic*
aditiona
16 eosinophilic leukemia
. . . Patients with acute myeloid leukemia and o Accelerated/Tr . .
_ Cancer: hematological malignancies . . Durable complete remission rate . _ Mechanism agnostic*
17 acute lymphoblastic leukemia aditional §

Patients with acute lymphoblastic

. . . leukemia; Major hematologic response and Accelerated/Tr . o
Cancer: hematological malignancies o . i i . _ Mechanism agnostic*
myelodysplastic/myeloproliferative cytogenic response aditional &
18 diseases; chronic myeloid leukemia

Patients with B-cell precursor acute
Cancer: hematological malignancies lymphoblastic leukemia in first or second | Minimal residual disease response rate Accelerated Mechanism agnostic*

19 complete remission

Patients with T-cell lymphoma; mantle
cell lymphoma; classical hodgkin
lymphoma; anaplastic large cell lymphoma

and mycosis fungoides; non-hodgkin’s . :
. . . ; . Durable objective overall response rate | Accelerated/Tr . .
Cancer: hematological malignancies lymphoma; multiple myeloma; chronic X . N Mechanism agnostic*
i i i (ORR) aditional §
myeloid leukemia; acute lymphoblastic
leukemia; small lymphocytic lymphoma;

Waldenstrém's macroglobulinemia;

20 marginal zone lymphoma
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EDITORIAL

Data Sharing Statements for Clinical Trials
A Requirement of the International Committee

of Medical Journal Editors

Darren B. Taichman, MD, PhD; Peush Sahni, MB, BS, MS, PhD: Anja Pinborg, MD; Larry Peiperl, MD;

Christine Laine, MD, MPH: Astrid James, MB, BS: Sung-Tae Hong. MD, PhD: Abraham Haileamilak. MD:

Laragh Gollogly. MD. MPH: Fiona Godlee. FRCP: Frank A. Frizelle. MB. ChB. FRACS: Fernando Florenzano, MD:
Jeffrey M. Drazen, MD; Howard Bauchner, MD; Christopher Baethge, MD; Joyce Backus, M5LS

The jonal f Medical Journal Editors (ICMIE)
believes there is an ethical obligation to responsibly share data
generated by interventional elinical trials because trial partici-
pants have put themselves at risk. In January 2016 we pub-
lished a proposal aimed at helping to create an environment in
which the sharing of deidentified individual participant data
becomes the norm. In response to our request for feedback we

nisms are not in place to mandate universal data sharing at this

time. Although many issues must be addressed for data shar-

ing to become the norm, we remain committed to this goal,
Therefore, ICMIE will require the following as conditions

of consideration for publication of a clinical trial report in our

member journals:

1. As of July 1, 2018, manuscripts submitted to ICMJE jour-

P‘l WO

the world, you put together, on
a shoestring budget, an active-
comparator—controlled trial with
more than 1000 patients, with
each followed for more than
2 years. The results were positive
but not stunning: people with
the condition under study now
had another oprion for treatment
that was equally effective but a
little less toxic than existing
therapies. You were able to get
the work published in a major
medical journal. With the pri-
mary work published, you had
hoped to analyze the data fur-
ther and prepare additional re-
ports. But another year has gone
by with no more publications.
Your data lic dormant, providing
no benefit for anvone.

You are nor the only one in
this position; there are many data

|1\ 1g0, you finished
ou'd had

After caj

keted drug.

| that took 5 ve

: Qs

idea for a new indic:

oling the drug

sets from clinical trials that are
either never published or from
which only a single report is ever
produced. Can these data provide
value to others?

In October 2013, the Institute
of Medicine (IOM) convened a
committee to examine the cur-
rent and future practice of shar-
ing individual patient dara gath-
ered in the performance of
controlled clinical trials. An in-
terim assessment was issued for
public comment in January 2014,
and the full report and an execu-
tive summary are now available.
I served as a member of that
committee. Here, 1 will summa-
rize the report's major findings,
but this article is not a policy
statement from the Journal. We
will articulate our policy after
we have had a chance to share

NOENGL) MED 37253 NEJMORG  JANUARY 1§, 2015

Sharing Individual Patient Data from Clinical Trials
Jeffrey M. Drazen, M.D.

the report with our readers, edi-
tors, and editorial board; we an-
ticipate that the International
Committee of Medical Journal
Editors will also formulate policy
on this matter. We urge you to
contact us with vour thoughts and
concerns by commenting on this
Perspective article at NEJM.org.
The guiding principle of the
committee’s discussions and the
report is that participants put
themselves at risk to participate
in clinical trials. The clinical trial
community therefore has the re-
sponsibility to reward thar altru-
istic behavior by widely sharing
the information gathered so that
as much useful knowledge as pos-
sible can be wrought from the
data. Data sharing was not thought
to be without risk; two major risks
the committee weighed were the
possibilities that individual trial
participants might be identified
and that persons bent on discred-
iting the published work would
perform rogue analyses based on
fallacious assumptions or ap-

201

received many comments from individuals and groups.’ Some
applauded the proposal while others expressed disappoint-
ment it did not more quickly create a commitment to data shar-
ing. Many raised valid concerns regarding the feasibility of
the proposed requirements, the necessary resources, the real
or perceived risks to trial participants, and the need to protect
the interests of patients and researchers,

It is encouraging that data sharing is already occurring in
some settings. Over the past year, however, we have learned

nals that report the results of clinical trials must contain a
data sharing statement as described below.

. Clinical trials that begin enrolling participants on or after Janu-
ary 1, 2019, must include a data sharing plan in the trial's reg-
istration. The ICMIE's policy regarding trial registration is ex-
plained at http: fwww.icmje org/recommendations/browse
/publishing-and-editorial-issues/clinical-trial-registration

html. If the data sharing plan changes after registration this
should be reflected in the st tsubmitted and published

=]

that the chall are sul 1 and the requisite mecha- with the manuscript and updated in the registry record.
Table. f Data Sharing That Fulfill These ICMJE Requirements®
Example 1 Example 2 Example 3 Example 4
Will individual participant Yes Yes Yes No
data be available
(including data dictionaries)?
What data in particular All of the individual Individual participant data that underlie  Individual participant data that underlie Not available
will be shared? participant data the results reported in this article, the results reported in this article,
coll.u:tcdﬁmnq the trial. after deidentification [l(‘lil tables, after deidentification (text, tables,
after deid fiqures, and o fiqures and appendices)
What ather documents Study protocal, Study protocol, statistical analysis plan,  Study protocol Mot available
will be available? statistical analysis plan,  analytic code
infermed consent form,
clinical study report,
analytic code
When will data be available Immadiately fallowing Baginning 3 months and ending 5 years Beginning 9 months Not applicable
{start and end dates)? publication; no end date  fallowing article publication and ending 36 manths
following article publication
With whom? Amyone who wishes Researchers who provide Investigators whose proposed use Not applicable

b0 access the data of the data has been approved

by an independent review committee

(“learned intermediary*) identified

for this purpase

To achieve aims in the approved proposal  For individual participant data meta-analysis ~ Not applicable

Proposals should be directed to xo@yyy. Pmowtsnw hcwbmllled up to 36 months Mot applicable
To gain access, data willeed  followi . After 36 months
1o sign a data access agrecment the data will De available in our university’s
Data are available for 5 years data warchouse but without investigator
at a third-party website suppart ather than deposited metadata
(link ta be included). Information regarding submitting propasals
and accessing data may be found

amethodologically sound propasal

For what types of analyses?  Any purpose
By what mechanism Data are avaslable
will data be made available?  indefinitely at

(Hink to be included)

58

at (link to be provided).
* Theese examplhes ane meant to illustrate a range of, but not all, data sharing eptions.
jama.com JAMA Publshed onling June 5, 2017
wr
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