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Individualized/Personalized/Precision Medicine

Personalized Medicine

(Providing) the right drug for the right patient at the right dose

and time.
Sadée & Dai, 2005

A form of medicine that uses information about a person’s genes,

proteins and environment to prevent, diagnose and treat disease.

National Cancer Institute
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Design of Clinical Trials

Traditionally, tumor histology determines (cytotoxic)

treatment

https://www.bhdsyndrome.org/forum/bhd-research-blog/genetic-sequencing-approaches-to-cancer-clinical-trials/ 2



Design of Clinical Trials

Biomarkers gain more importance for selection of treatment

strategies, e.g. by enrichment trials

Patients Biomarker

B+

B−

R

Exp

Std

off-study

Challenge: With multiple targets based on multiple markers

we are often close to the situation that we are faced with in

rare diseases.
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Biomarker-driven Clinical Trials

Example: Acute Myeloid Leukemia (AML)

Genotype-adapted clinical intervention trials of the

German-Austrian AML study group (AMLSG)AMLSG Personalized Medicine Approach 
Treatment/Study 

Midostaurin  AMLSG 16-10 

ATRA +/- GO  AMLSG 09-09 

NAPOLEON  GIMEMA/AMLSG/SAL 
APOLLO   +/- ATO-ATRA-Ida 

+/- Dasatinib  AMLSG 21-13 

+/- Panobinostat  AMLSG 22-14 

+/- Volasertib  AMLSG 20-13 

+/- Crenolanib  AMLSG 19-13 

EPZ 5676 (DOT1L)  

CDK6-Palbociclib  AMLSG 23-14    

Genotype 

AML FLT3mut 

CBF-AML [KIT] 

AMLSG BiO 
Screening 
24-48 hrs 

AML NPM1mut 

 
 
Other subtypes, 
mainly high-risk 
 
 

APL [PML-RARA] 

AML MLLrearr 

+/- ATRA  AMLSG 15-10 
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Umbrella Trials

Enroll marker-defined cohorts in parallel under the

”umbrella” of a specific histology or tumor type
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Umbrella Trials

The umbrella design focuses on a single tumor type or histology

The reason and rationale for the umbrella trial design first and

foremost is to facilitate screening and accrual of patients

Primary features of the umbrella design

It involves a group of two or more enrichment designs within

the same protocol

It allows for randomized comparisons

It can have flexible biomarker cohorts

It allows to add/drop biomarker subgroups
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Umbrella Trials

Example: FOCUS4 Trial (Kaplan et al. JCO 2013) for

Colorectal Cancer

patients are then enrolled onto the corresponding randomized trial of
novel targeted agent(s) or, for travel, logistic, or technical reasons, to
the one conventional chemotherapy maintenance trial (FOCUS4-N).

Key Principle One

Evaluate multiple treatments and biomarkers in the same protocol,
including as many patients as possible with a given disease, with separate
clinical questions for as many marker-defined subgroups as are supported
by current evidence. Incorporating multiple treatments across multi-
ple population-enriched biomarker-defined trials fits easily into con-
ventional clinical practice patterns, in which most patients with one
type of cancer (by conventional criteria) are generally referred and/or
managed in a common manner and with similar clinical protocols. In
colorectal cancer, a single approach for all has now evolved into two
clinical pathways and chemotherapy approaches: one for patients with
KRAS wild-type tumors, for whom EGFR-targeted monoclonal anti-
bodies may be planned, and one for those with KRAS-mutated tu-
mors. As further (appropriate) segregation of treatment approaches
occurs, managing separately coordinated clinical research efforts,
which often involve different pharmaceutical collaborators and differ-
ent research teams, will become progressively more unwieldy and
inefficient. Our approach filters all fit and consenting patients into one
overarching clinical trial program and is therefore inclusive and con-
sequently more attractive to patients. This design also offers clear
efficiency gains in both cost and time compared with running multiple
individual trials to evaluate different treatments under separate pro-
tocols. It increases the likelihood that the investment in cost and effort
of setting up such trials will lead to discovery of (at least one) effective

treatment and will allow us to stop further development of ineffective
treatments in this disease setting.

Further efficiency is inherent in biomarker analysis being set up
to include all diagnostic tests for the differing subgroups. So far as is
scientifically feasible, an inclusive trial allows the maximum number
of patients to participate and maximizes the potential to recruit rare
subtypes. It allows for maximum flexibility in refinement of the bio-
marker cohort definitions in response to developing clinical data from
both within and outside of the trial and provides administrative and
organizational efficiencies.

Key Principle Two

In initial stages, assess each treatment in the presumptive
biomarker-enriched subset (thus exploiting the putative link between
biomarkers and novel treatments with corresponding mechanisms of
action) but without assuming in the design that this association will be
confirmed in later stages. In oncology, even when novel agents are
found to be active, the expected biomarker selection may not apply.23

A key strength of the FOCUS4 protocol is that we neither assume that
any encouraging outcome results are limited to the biomarker
selection, nor expend numbers of biomarker-negative patients until
we have a positive signal from the initial staged analyses (stages 1 to 2).
Thus, we restrict entry in the earlier phases of the evaluation of a novel
treatment to those patients thought most likely to respond. Once the
significance level associated with activity of the experimental treat-
ment falls to less than a given value, we have the option to open a
similar efficacy evaluation among those patients who do not show the
positivity of the biomarker in their tumor (ie, off-target effect), using
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  • Advanced or metastatic CRC
  • Fit for first-line chemotherapy
  • Consent to biomarker analysis

Standard chemotherapy
for 16 weeks

=> Stable or responding disease

BRAF
+ EGFR
± MEK

inhibitors

PIK3CA
± MEK

inhibitors

AKT
+ MEK

inhibitors

PIK3CA mutation
and/or PTEN loss

HER1,2,3
inhibitor

During first 16 weeks chemotherapy
biomarker panel analysis*:
  • on FFPE tumor block
  • BRAF, PIK3CA, KRAS, NRAS mutation; 
    mRNA EREG; IHC MMR, PTEN

Consent and
random assignment

Fig 1. Trial schema for FOCUS4. (*) The molecular cohorts are arranged in a hierarchy from left to right. For example, a patient with both a PIK3CA mutation and a
KRAS mutation will be classified into the PIK3CA mutation cohort. CRC, colorectal cancer; EGFR, epidermal growth factor receptor; EREG, epiregulin; FFPE, formalin
fixed, paraffin embedded; HER, human epidermal growth factor receptor; IHC, immunohistochemistry; MMR, mismatch repair; OS, overall survival; P, placebo; PFS,
progression-free survival; Rx, treatment.

Kaplan et al

4564 © 2013 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by at Pfizer DIS on January 16, 2014 from 188.92.139.10
Copyright © 2013 American Society of Clinical Oncology. All rights reserved.
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Umbrella Trials - Research Question

What about biomarker-negative patients?

Motivation Comparative arm Hybrid design Outlook

What about biomarker-negative patients?

Adapted from

September 20, 2016 Page 2 Christina Beisel Division of Biostatistics
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Multi-biomarker hybrid design

Patients
Biomarker

assessment

B1 R

B2 R

B0

Exp1

Std

Exp2

Std

Std

1
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Analysis

Potential benefit from inclusion of marker-negative patients:

Collect data for retrospective biomarker identification

Investigate prognostic properties of biomarkers

Non-prognostic markers: Pool of standard-of-care arms

Prognostic markers: Include biomarker-status as factor

variable Bi in Cox model
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Comparison of models in different populations

Approach 1: Separate models for biomarker 1 and biomarker 2

λ1 = λ01 exp(β1 × treat1) (sample size: n1)

λ2 = λ02 exp(β2 × treat2) (sample size: n2)

Approach 2: Exclude biomarker negative patients

λ = λ0 exp(γ2 × B2 + β1 × treat1 + β2 × treat2)

(sample size: n1 + n2)

Approach 3: Include biomarker-negative patients

λ = λ0 exp(γ1 × B1 + γ2 × B2 + β1 × treat1 + β2 × treat2)

(sample size: n)

where n = n1 + n2 + n0
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Comparison: bias for β2

Approach 1: λ2 = λ02 exp(β2 × treat2)

Approach 2: λ = λ0 exp(γ2 × B2 + β1 × treat1 + β2 × treat2)

Approach 3: λ = λ0 exp(γ1 × B1 + γ2 × B2 + β1 × treat1 + β2 × treat2)
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Comparison: standard error for β2

Approach 1: λ2 = λ02 exp(β2 × treat2)

Approach 2: λ = λ0 exp(γ2 × B2 + β1 × treat1 + β2 × treat2)

Approach 3: λ = λ0 exp(γ1 × B1 + γ2 × B2 + β1 × treat1 + β2 × treat2)
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Small sample size bias and Firth correction

Maximum-likelihood methods not necessarily unbiased for

finite samples

Langner et al. (2003) investigated behavior of bias in relation
to sample size for Cox regression

Bias depends on sample size, but also on baseline risk and

treatment hazard rate

Small sample size bias in simulation study

Use Firth (1993) correction to reduce bias
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Comparison: bias for β2 with Firth correction

Approach 1: λ2 = λ02 exp(β2 × treat2)

Approach 2: λ = λ0 exp(γ2 × B2 + β1 × treat1 + β2 × treat2)

Approach 3: λ = λ0 exp(γ1 × B1 + γ2 × B2 + β1 × treat1 + β2 × treat2)
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Summary of results

For smaller sample sizes:

Reduction of bias by using combined analysis (Approach

2)

Even further reduction of bias by including of

biomarker-negative patients (Approach 3)

Additionally small improvements for standard errors

Approaches perform similar for larger sample sizes

Differences smaller when Firth correction is used
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Basket Trials

Histology-agnostic enrollment of marker-defined cohorts

(”baskets”)
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Basket Trials

Basket trials allow the study of multiple molecular subpopulations

of different tumor or histologic types within one study.

Primary features of basket trials

The design affords the flexibility to continually open and close

arms of the study

They can include highly rare cancers that would be difficult to

study in randomized controlled trials

Countless possibilities exist in designing and analysis of basket

trials, such as writing protocols for each cohort and creating a

screening and treatment infrastructure.
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Basket Trials

Characteristics

Marker-defined cohorts

Typically non-randomized

Primary purpose: treatment

Challenge Multiple targets → close to rare diseases trials

the primary hypothesis tested at the trial’s conclusions is the
treatment effect in the marker-positive subgroup. Otherwise, if
futility is not reached in the marker-negative group at an interim
analysis, the trial continues unselected and performs both overall
and subgroup-specific tests of treatment benefit at the final analy-
sis time point with trial-wise type I error control. When compared
with the fixed-randomization sequential testing design of Freidlin
and Simon [21], the design of Wang et al. showed uniformly
greater power for detecting a subgroup-specific treatment in
simulations, a direct consequence of its ability to adaptively enroll
a greater proportion of marker-positive patients. However, designs
without mid-trial enrichment are capable of identifying and then
validating predictive marker effects in separate patient cohorts,
while an adaptive enrichment design loses this ability after it stops
accrual to marker-negative patients. An extension of the adaptive
enrichment framework to nested patient subsets was described
by Wang et al. [41], and an adaptive enrichment design for the
phase III setting was proposed by Hong and Simon [42].

Another adaptive enrichment design was proposed by Brannath
et al. [43], wherein enrichment to a subgroup and sample size
adjustment may occur following a first and second interim analy-
sis, respectively, with possible early stopping for efficacy or futility
at each time point. A more general testing framework for adaptive
enrichment was described by Mehta and Gao [44]; specifically, a
group sequential design may be modified to alter the number,

spacing, and information times of subsequent interim analyses,
with potential restriction of enrollment to a sensitive subgroup.
A similar approach was described by Mehta et al. [45] with specific
focus on the challenges associated with time-to-event endpoints
used in a sequential enrichment strategy, namely the complex
tradeoff between power, sample size, number of events, timing
of interim analyses, and study duration. A review of adaptive
enrichment methods can be found in an article by Wang and Hung
[46].

A two-stage adaptive enrichment design incorporating continu-
ous marker threshold selection and independent marker evalua-
tion and statistical validation cohorts was proposed by Renfro
et al. [47]. This design assumed time-to-event endpoints and
allowed for unequal randomization (e.g., for the case of a
placebo-controlled trial where 2:1 randomization may be prefer-
able). An interim analysis was used to identify a tentative marker
threshold and determine whether an initially unselected trial
should stop early for futility, continue unselected without a bio-
marker, or adapt accrual and resize according to the degree of pro-
mise shown by the biomarker. In application to an actual trial, it
was noted that treatment effect as a function of a continuous mar-
ker’s threshold may be noisy or non-monotone, which may require
smoothing or advanced methods for threshold evaluation. Another
adaptive enrichment design with cutpoint selection was proposed
by Simon and Simon [48].
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Fig. 1 (continued)

L.A. Renfro et al. / Cancer Treatment Reviews 43 (2016) 74–82 77
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Basket Trials

Example: CUSTOM Trial (Lopez-Chavez et al. JCO 2015)

meet eligibility criteria for enrollment onto the targeted treatment arms were
enrolled onto a not-otherwise-specified arm and were treated with either
standard-of-care therapies or enrolled onto other experimental clinical trials.

Statistical Considerations

Onthebasisof themolecularprofilingresults,patientscouldbeassignedina
nonrandomized fashion to one of five specific treatments within each tumor type
(NSCLC,SCLC,andTM),addingupto15treatmentarms.Eachofthesearmswas
considered independent and conducted as a phase II trial using an optimal two-
stage design.27 It was hypothesized that the patient selection based on molecular
alterations would result in a high objective response rate (ORR). In all arms, with
the exception of EGFR mutant NSCLC, the trial was conducted to rule out an
unacceptably low 10% ORR in favor of 40%. The EGFR mutant NSCLC arm
aimed to rule out an unacceptably low 30% ORR (p0 � 0.30) in favor of 60%
(p1�0.60),basedonpriorreports.6,9,28 Kaplan-Meiercurvesforprogression-free
survival (PFS) and overall survival (OS) from the time of treatment arm enroll-
ment were calculated. In addition, OS curves were calculated from the time of
diagnosis for all patients with NSCLC enrolled onto the study.

RESULTS

Patient Characteristics

From February 2011 to December 2012, 647 patients were en-
rolled and underwent molecular profiling (Table 1). The most com-

mon histologic subtypes were lung adenocarcinoma (n � 363, 56%),
lung squamous cell carcinoma (n � 64, 10%), and SCLC (n � 65,
10%). For molecular profiling, archival tissue was used in 474 patients
(73%), and a new fresh biopsy was obtained in 172 patients (27%).
The biopsy procedures were well tolerated, and the frequency of grade
3 or 4 related complications was 3% (Appendix Table A1, online
only). A total of 569 patients (88%) had at least one molecular analysis
that was successfully performed. Of these, 257 patients (45%) har-
bored a genetic abnormality in at least one of the core genes tested, and
23 patients (4%) harbored multiple genetic abnormalities (Fig 1). The
frequencies of the most commonly mutated genes in lung cancer are
shown in Figure 2 and Table 2. Of the patients harboring genetic
abnormalities in the core genes, 212 patients (82%) were considered
screen failures (Appendix Table A2, online only), and 45 patients
(18%) were enrolled onto one of the 15 treatment arms.

EGFR Mutations and Erlotinib

EGFR mutations were detected in 88 (22.1%) of 398 patients with
NSCLC, one (2%) of 51 patients with SCLC, and one (1.1%) of 92
patients with TMs. These mutations were found predominantly in
adenocarcinomas (n�84) and in never-smokers (43.1%). In NSCLC,
84.1% of the EGFR mutations (n � 74) were known to be erlotinib

Core mutations (n = 257; 23 with multiple mutations) 

Arm 1

Arm 2

Arm 3

Arm 4

Arm 5

Arm 6

Arm 7
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for response and 
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(n = 7)
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for response and 

survival
(n = 3)

Received Erlotinib
(n = 16)

Received Selumetinib
(n = 11)

Received MK2206
(n = 7)

Received Lapatinib
(n = 8)

Received Sunitinib
(n = 3)

Had EGFR
mutations

(n = 90)

Had KRAS,
HRAS, NRAS, or 
BRAF mutations

(n = 110)

Had PTEN, Akt1, or
PIK3CA mutations

(n = 31)

Had ERBB2
mutations or

amplifications
(n = 15)

Had KIT or
PDGFRA mutations

or amplifications
(n = 11)

Were wild type
or unknown for the
mutations of interest

(n = 313)

Unsuccessful
molecular profiling*

(n = 77)

Had a successful molecular profiling*
(n = 569)  

Met CUSTOM general eligibility criteria and
underwent molecular profiling

(n = 647)  

Screen Failures
212 were positive for

at least one of the core
mutations of interest
but failed to enroll in

treatment arms.

Long-term follow-up

Enrolled in the NOS arm and 
received standard of care 

treatment or were enrolled in 
other clinical trials and followed 

prospectively until death
(n = 602)

NSCLC
(n = 15)

SCLC
(n = 0)

TM
(n = 1)

NSCLC
(n = 9)

SCLC
(n = 1)

TM
(n = 0)

NSCLC
(n = 4)

SCLC
(n = 2)

TM
(n = 1)

NSCLC
(n = 6)

SCLC
(n = 1)

TM
(n = 0)

NSCLC
(n = 2)

SCLC
(n = 0)

TM
(n = 1)

Fig 1. Flow diagram of patient population and treatment assignments. EGFR, epidermal growth factor receptor; NOS, not otherwise specified; NSCLC, non–small-cell
lung cancer; PDGFRA, platelet-derived growth factor receptor alpha; SCLC, small-cell lung cancer; TM, thymic malignancy. (*) Successful molecular profiling was
defined as having at least one core molecular analysis successfully performed.

Lopez-Chavez et al

1002 © 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

from 194.94.115.185
Information downloaded from jco.ascopubs.org and provided by at Deutsches Krebsforschungszentrum on March 6, 2016

Copyright © 2015 American Society of Clinical Oncology. All rights reserved.
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Basket Trials: Research Topic

Statistical Evaluation of the NCT MASTER

basket trial

NCT MASTER

The MASTER (Molecularly Aided Stratification for

Tumor Eradication Research) program:

Analysis of high-throughput diagnostics and

histopathological evaluations to generate hypotheses

for new targeted tumor therapies.
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NCT MASTER - Flow Chart
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NCT MASTER - Basket Trial

Actual Study Design

Molecular	  Tumorboard	  

Other	  	  	  	  	  	  

Treatment	  recommenda2on	  
and	  decision	  on	  basket	  /	  	  	  	  	  

stratum	  

RAF	  	  	  -‐	  	  	  MEK	  	  	  -‐	  	  	  ERK	  	  	  	  	  
Priori2za2on	  of	  all	  op2ons	  
 

Tyrosine	  Kinases	  	  	  	  	  
 

Developmental	  Pathways	  
Treatment	  administered?	  

Physician‘s	  choice	  	  
(no	  recommenda2on)	  

Group	  3	  

yes	  

PI3K	  	  	  -‐	  	  	  AKT	  	  	  -‐	  	  	  mTOR	  	  	  	  	  

Treated	  cohort	  
Group	  1	  

Endpoints:	  
•  Feasibility	  	  	  	  	  
•  Efficacy:	  	  Objec2ve	  	  response	  	  according	  to	  	  RECIST	  	  	  	  	  

1.1	  	  criteria	  or	  disease	  stabiliza2on	  for	  	  ≥	  6	  months	  

yes	  

no	  

no	  

Control	  	  cohort	  
Group	  	  2	  

Baskets	  /	  Strata	  for	  evalua2on:	  

DDR	  Signaling	  
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Causal Inference

Causal effect of treatment

Randomized controlled trials are the gold standard for causal

inference.

Unfortunately they are not always feasible for a variety of

reasons, including ethical concerns.

Consequently, in such situations assessment of causal

effects must be derived from non-randomized studies.
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Causal Inference

NCT MASTER Basket Trial

Individual recommendation of treatment

May be associated with confounding

Possible methods against bias

1. Direct adjustment for confounding in regression models

Logistic regression

2. Propensity score methods

Propensity score: Conditional probability of treatment

assignment given baseline characteristics (Rosenbaum &

Rubin, 1983)

Optimal matching

3. Use of Instrumental variables
25



Causal Inference - DAG

Directed Acyclic Graph (DAG)

A graph where all edges are directed (doesnt contain bidirected

dashed arcs denoting unobs. common causes/confounders) and

which contains no cycles

We use DAGs to identify the causal structure of the data.

Y outcome of interest (Response); D ∈ {0, 1} binary Treatment

indicator

X observed characteristics; U unobserved characteristics

Interest: Causal effect D → Y

What would happen to Y if D was changed externally

(exogenously) from 0 to 1?

NOT: Find the best fitting model for predicting Y
26



Causal Inference - DAG (NCT MASTER)

Doctor’s Discipline

Age

Basket

ECOG

Educational level

Entity
Evidence

Proximity

Response

Stage

Treatment
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Causal Inference - DAG (NCT MASTER)

(Hypothesized) essential graph

Age

Basket

Stage

Educational level

Evidence

Response

ECOG

Treatment
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Resources for NCT MASTER

Webpage:

www.nct-heidelberg.de/en/research/nct-master

Contact:

Study Office

Phone: +49 6221 5636253

E-mail: master@nct-heidelberg.de

Project Leader and coordinator of the program

Prof. Dr. med Hanno Glimm
Head Applied Stem Cell Biology, (Assistant) Medical Director Translational Oncology

Prof. Dr. Stefan Fröhling
Head Molecular and Cellular Oncology Translational Oncology

Dr. Daniela Richter
Scientific Coordinator NCT Precision Oncology Program
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Finally: Points to Consider

Challenges:

Strata of small size

Strong heterogeneity

Study Design:

Adaptation to refine, add and remove biomarker-treatment

strategy combinations

Allow to refine baskets, to add new baskets, to remove

baskets.

Evaluation strategy:

Success of trial vs. success of strata

Use chain procedures starting with global null hypothesis of

no effect

Apply Firth correction
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