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Clinical Use of Precision Oncology
Decision Support

abstract

Purpose Precision oncology is hindered by the lack of decision support for determining the
functional and therapeutic significance of genomic alterations in tumors and relevant clinically
available options. To bridge this knowledge gap, we established a Precision Oncology Decision
Support team that provides annotations at the alteration level and subsequently determined
whether clinical decision making was influenced.

Methods Genomic alterations were annotated to determine actionability on the basis of a
variant’s knownorpotential functional and/or therapeutic significance.Themedical records of a
subset of patients annotated in 2015 were manually reviewed to assess trial enrollment. AWeb-
based survey was implemented to capture the reasons genotype-matched therapies were not
pursued.

ResultsThePrecisionOncologyDecisionSupport teamprocessed1,669requests forannotation
of 4,084 alterations (2,254 unique) across 49 tumor types for 1,197 patients. A total of 2,444
annotations for 669 patients included an actionable variant call: 32.5% actionable, 9.4% po-
tentially actionable, 29.7%unknown, and28.4%nonactionable. Sixty-six percent of patients had
at least one actionable/potentially actionable alteration, and 20.6% of patients (110 of 535)
annotated enrolled in a genotype-matched trial. Trial enrollment was significantly higher for
patients with actionable/potentially actionable alterations (92 of 333; 27.6%) than for thosewith
unknown (16 of 136; 11.8%) and nonactionable (2 of 66; 3%) alterations (P < .001). Actionable
alterations in PTEN, PIK3CA, and ERBB2 most frequently led to enrollment in genotype-
matched trials. Clinicians cited a variety of reasons that patients with actionable alterations did
not enroll in trials.

Conclusion Over half of alterations annotated were of unknown significance or nonactionable.
Physicians were more likely to enroll a patient in a genotype-matched trial when an annotation
supported actionability. Future studies are needed to demonstrate the impact of decision
support on trial enrollment and oncologic outcomes.
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INTRODUCTION

In precision oncology, next-generation sequenc-
ing is becoming routinely used for diagnostic and
therapeutic decision making. However, as the
number of genes tested within clinically used
platforms increases, so does the rate of detected
aberrations; yet, the majority of these are pas-
senger mutations that do not drive tumorigene-
sis.1 Importantly, an alteration may occur within
an actionable gene, but the alteration itself con-
fers no functional change or imposes a change
that does not confer an oncogenic advantage.
Therefore, the oncologist needs to assess whether
the specific variants are actionable.

A study conducted at a leading cancer center revealed
that many oncologists have low confidence in their

knowledge of genomics.2 Furthermore, earlier
studies showed that few patients with potentially
actionable alterationswere enrolled in genotype-
matched trials, indicating low clinical utility of
such information.3-7 Limited resources available
to assist with interpretation of genomic reports
and to facilitate identification of genomically
matched therapies may be contributing factors.5,7-9

In recent years, teams have recognized this knowl-
edge gap, and publically available resources, such
as Personalized Cancer Therapy (http://pct.
mdanderson.org), My Cancer Genome (http://
www.mycancergenome.org), Targeted Cancer
Care (https://targetedcancercare.massgeneral.
org), and OncoKB (http://oncokb.org) were
developed as decision-making tools. Yet, these
resources have potential limitations. First, usability
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research indicates that clinicians are unlikely to use
sources that take longer than 30 seconds to retrieve
data10 and that information presented in graphical
summaries enhances interpretation, improving
health care quality.11,12 Second, limited infor-
mation may be exposed because these Web sites
are public facing. Third, novel alterations con-
tinue to be discovered, and information is rapidly
evolving, generally outpacing the rate of updates.
Thus, there is a need for anon-demand, real-time
clinical interpretation service that annotates all
requested alterations, beyond those available
within accessible knowledge bases, to determine
their actionability.

The Precision Oncology Decision Support sys-
tem (PODS) was established at The University of
Texas MD Anderson Cancer Center in recogni-
tion of these needs.9 Herein, we report our expe-
rience with large-scale, institution-wide decision
support and its initial clinical utility. These data
are among the first to suggest that providing
alteration-level decision support may have a mea-
surable effect on clinical action.

METHODS

Analysis of Patient Annotation Requests and
Reports

Annotationrequestsoriginated fromCLIA(Clinical
Laboratory Improvement Amendments)–validated
(90.2%) and research (9.8%) panels. Annotations
in all final reports were analyzed. All requestors
indicating the same physician as the contact for
correspondence were considered a team. Statistical
significance was evaluated by a x2 test.

Annotation Process and Return of Reports

PODS scientists receive requests, access our
knowledge base of variant annotations, and review
and update content as applicable.9,13 Reports con-
sist of a data summary with references and alter-
ation frequency fromexternal (cBioPortal,COSMIC
[Catalogue of Somatic Mutations in Cancer])
and internal databases. In 2015, reports evolved
to routinely contain a functional significance,
gene, and alteration-level actionability call
(Table 1).7,12 All reports are reviewed by the
medical director and returned via e-mail. Starting in
August 2015, reports referencing CLIA-validated
panels were deposited within MD Anderson’s elec-
tronic health record (EHR).

Manual Review of Clinical Data

Medical records of 539 patients annotated in 2015
through clinician-initiated requests or for treat-
ment planning conferences were reviewed for the

presence of a clinical trial entrance note in the
patient’s EHR. Potential matches between the
annotated variants and targeted therapy used
within the trial were manually recorded.

Clinical Decision Follow-Up Surveys

AWeb-based surveywas initiated in2015, and236
surveys were sent to annotation requestors with a
1-month postannotation delivery date to ascertain
whether the patientmatched to genomically guided
therapy. Responses received by January 2016 were
analyzed and manually validated through EHR re-
view.Forpatientsnot enrolled to receive therapyon
the basis of the annotation provided, the survey
inquired as to the reasons why.

RESULTS

Patient Annotation Requests

The PODS team processed 1,669 requests for
1,197 patients, most in 2014 and 2015 (Data Sup-
plement).Multiple requests for the samepatientmay
have been due to additional alterations requested for
annotation, different clinicians requesting annota-
tion of the same molecular report, or the same
molecular report requested for different venues in
which the patient was evaluated (eg, clinic visit v
treatment planning conference). Requests were of
two main categories: program-initiated (60%) and
clinician-initiated (40%).Program-initiated requests
were on behalf of genomically informed program
leaders requesting annotations for all participating
patients and accounted for reports to 58 physicians
for 600 patients. Clinician-initiated requests origi-
natedfromtreatingphysiciansandteammembers for
point-of-care decisions on the basis of molecular
testing or from clinical trial teams screening for
patients to enroll in genotype-matched trials.
Fifty-six physician teams initiated requests for
724 patients and ranged from one to 176 per
team, with two requests being the median (Data
Supplement). Requests were received for pa-
tients with 49 different tumor types, of which
colorectal (16%) was most common (Fig 1A).

Alterations Requested for Annotation

PODS offered requestors an option to select
between full-panel (all reported alterations within
anassay) andselect-alterations (requestor-specified
select alterations within an assay) annotation types.
Across all requests, 712 (43%) were for full panel
and 957 (57%) were for select alterations (Fig 1B).
Clinician-initiated requests were largely (88%) for
select alterations, likely derived from clinicians
screening patients with alterations in select genes
for trial enrollment.
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Overall, 4,084 variant-level annotations were pro-
vided for 2,254 unique alterations. Multiple annota-
tions may have been provided for a single alteration
because of multiple requests to annotate the same or
different patients harboring the same alteration. Al-
terations spanned 356 genes; each gene fusion part-
ner counted individually. Genes most commonly
annotated as part of a full panel request included
TP53, KRAS, and PIK3CA, representing the three

most commonly mutated genes in the genome (Fig
1C). Conversely, requests to annotate select alter-
ations were most frequently for PTEN, EGFR, and
SMO (Fig 1D). The range of unique alterations
annotated per gene was one to 179, with the largest
number in TP53 and PTEN (Data Supplement).
Annotated alterations originated from 32 different
testing platforms (Data Supplement) and were pri-
marily missense mutations (Data Supplement).

Table 1. Actionable Variant Call Definitions

Actionable Variant Call Definition

Yes: literature based There are peer-reviewed published data showing that the alteration:

Is activating and occurs in an oncogene

Is inactivating and occurs in a tumor suppressor

Is inactivating with a concomitant tumor-promoting, neomorphic gain of function occurring in a tumor suppressor

Confers sensitivity to a clinically available therapy

Confers resistance to a clinically available therapy

Yes: inferred The alteration occurs in an oncogene, and the functional significance was inferred to be activating:

Inferred activating: the alteration results in the loss ormistranslation of an inhibitory domain, and there is peer-reviewed
published evidence that loss of the domain increases the activity of the protein and/or results in increased tumorigenic
properties, as well as gene amplification that has not been proven in the published literature to result in increased
protein expression and signaling in tumors

The alteration occurs in a tumor suppressor, and the functional significance was inferred to be inactivating:

The alteration results in loss or mistranslation of functionally significant domains, and there is peer-reviewed published
evidence that loss of these domain(s) results in loss of the expression or activity of the encoded protein

Yes: functional genomics The genetic alteration shows a growth/viability advantage compared with cells expressing the wild-type counterpart
of the gene, as assessed in a functional genomics platform using cells such as BaF3 or MCF10A

Potentially actionable The alteration is of unknown functional significance but meets one of the following criteria:

The alteration is located in a functional domain, and there is peer-reviewed published evidence that other mutations in
this domain alter the function of the protein in a manner that could be tumor-promoting

The alteration is located in near proximity to other alterations known to have oncogenic functions

Other alterations of the same codon are oncogenic; however, the function of the exact alteration is unknown
(eg, Q61R v Q61H)

Alterations found to be functional within a conserved domain of a related gene family member

Splice-site alterations that occur before domains critical for the function of the protein

Unknown The alteration is of unknown functional significance and is not located within a functional domain or in near proximity to
other functional alterations (ie, does not meet the criteria for categorization as potentially actionable)

No An alteration is categorized as not actionable if:

The gene is not defined as actionable

The alteration type is not determined to be actionable for the gene

The functional significance is determined to be likely benign:

Likely benign: An alteration is characterized as likely benign if (1) it is reported as a germline polymorphism (. 1%of
thepopulation) in controlledpopulation studies, and therearenoavailabledata in thepublished literature indicating
this variantmay be tumor promoting; (2) there is peer-reviewed published evidence that the alteration has no effect
on the function of the protein or any tumorigenic properties; and (3) there is peer-reviewed published evidence that
thealterationdoesnot segregatewithdisease.Becausenot all aspectsofprotein functioncanpossiblybedetermined,
the functional significance is likely benign

There is peer-reviewed published literature showing that the alteration has an inactivating or inferred inactivating effect
on an oncogene.

There is peer-reviewed published literature showing that the alteration has an activating or inferred activating effect on
a tumor suppressor that enhances its function as a tumor suppressor
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Actionable Genes and Alterations

A gene is actionable if there are clinically
available therapies that directly or indirectly
targe alterations in the gene and/or there are
clinical trials selecting for alterations in the gene.
Of the 4,084 annotations, 3,166 (78%) were
within a gene defined as actionable at the time
of annotation (Fig 2A; Data Supplement). Of the
918 annotations delivered in nonactionable
genes, 816 (89%) were part of a full panel anno-
tation. In 2015, annotation reports evolved to
contain an actionable variant call describing the
alteration’s functional and therapeutic signifi-
cance,withclassification intofourbroadcategories—
actionable (further subcategorized by source:
literature based, inferred, or functional genomics),

potentially actionable, unknown, and nonaction-
able (Table 1)9—which was provided with 2,444
annotations delivered for 669 patients. A total of
794 (32.5%) annotations were actionable, 230
(9.4%) were potentially actionable, 725 (29.7%)
were unknown, and 697 (28.4%) were not action-
able (Fig 2B). Considering alterations within ac-
tionable genes, 40.7% of annotations were actionable,
11.9% were potentially actionable, 36.1% were un-
known, and 11.3% were nonactionable (Fig 2C).
A total of 648 (97%) of the 669 patients had at
least one alteration within an actionable gene,
and 66% had at least one actionable/potentially
actionable alteration (data not shown).

The majority of actionable/potentially actionable
annotations were for alterations residing within
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KRAS, PTEN, and PIK3CA (Fig 2D and Data
Supplement, respectively). The total number of
annotations in 2015 and the subset that was
actionable/potentially actionable are shown per
the patient’s tumor type (Fig 2E and Data Sup-
plement, respectively). The actionability ofKRAS
has been controversial, particularly in colorectal
cancer.14-16When excluding KRAS as actionable,
most actionable annotations were provided for
breast cancer patients (n = 90; Data Supplement).

Clinical Utility of Annotations

We then asked whether physicians acted more
often on alterations with evidence of actionabil-
ity (Data Supplement). We manually recorded
clinical follow-up data by accessing the EHRs of

539 patients requested for annotation by clini-
cians or for treatment planning conferences.
Four patients were excluded: two hadmutations
that were actionable only for resistance to ther-
apy, and two because of insufficient follow-up
since physician notification. For the remaining
535 patients, variant annotation data were fil-
tered, such that each patient in the data set is
represented by a single alteration (Fig 3A). To
achieve this, one of two filters was applied: (1)
for patients enrolled in genotype-matched ther-
apy, the alteration leading to enrollment was
recorded, whereas all other variants were filtered
out; or (2) for patients not enrolled in genotype-
matched therapy, the alteration with the highest
variant call (Yes: Literature Based . Yes: Inferred

A
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. Potentially . Unknown . No) was recorded,
whereas all other variants were filtered out.

Overall, 20.6% of patients (110 of 535) enrolled
in a targeted trial. Alterations of 214 patients
(40%) were classified into the Yes: Literature
Based category; 54 (10.1%) were classified into
the Yes: Inferred category; 65 (12.1%) were clas-
sified into the Potentially category; 136 (25.4%)
were classified into theUnknowncategory; and66
(12.3%) were classified into the No (nonaction-
able) category (Fig 3A, yellow column). Ninety-
two of 333 patients (27.6%) with actionable/
potentially actionable alterations were enrolled
in genomically matched trials compared with 16
of 136 patients (11.8%) with unknown alterations
and two of 66 patients (3%) with nonactionable
alterations (Fig 3B; P , .001). Patients with
actionable alterations in PTEN (n = 20), PIK3CA
(n=11), andERBB2 (n=10)most frequently enrolled
in a trial (Fig 4), paralleling the data showing a
large number of actionable/potentially actionable
annotations delivered for PIK3CA and PTEN (Fig
2D; Data Supplement).

To understand why physicians may not have
acted on potentially actionable alterations, we
introduced a Web-based survey in 2015 to ac-
company physician-initiated requests.Of 236 sur-
veys sent, 223 were returned (94.5% response
rate). Two were excluded because patients en-
rolled in genotype-matched trials before the

annotation (Fig 3C). All reports were classified
by actionability as described previously (Fig 3C,
yellow column). A combination of survey re-
sponses and manual review revealed that 26.8%
of annotations (59 of 221) led to a genotype-
matched trial (Fig 3C, gray column). Similar to
data in Fig 3B, patient enrollment in genotype-
matched trials in the survey group was signif-
icantly higher on the basis of actionable/
potentially actionable versus unknown versus
not actionable variants (P , .001).

Of the 90 patients with unknown/not actionable
variants, representing 55.9% of total patients
not enrolled in a trial, 57 (63.3%) did not enroll
because the respondents agreed with the PODS
annotation, indicating that the alteration function
did not support trial enrollment (Table 2). An-
other seven patients (7.8%) were responding to
current treatment, and physicians acted on an-
other alteration in four patients (4.4%). The latter
had another well-characterized oncogenic variant
(IDH1 R132C, AKT1 E17K, or FGF3 and FGF4
amplifications) or an alteration clearly inferable
as actionable (early truncating PTCH1mutation),
where either decision support was not needed or
was previously supplied outside the survey group.
Finally, three patients (3.3%) elected to be treated
elsewhere.

Among 161 patientswith variants classified as Yes:
Literature Based and Yes: Inferred, there were
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only 42 patients (26.1%) who did not enroll in a
genotype-matched trial (Table 2). Reasons in-
cluded another alteration pursued (two patients),
the patient was responding to current therapy (six
patients), and the patient elected treatment else-
where (nine patients). Other reasons included
non–genotype-matched treatment options pur-
sued (five patients) and ineligibility (11 patients).
In five instances, physicians indicated that the
annotation did not support trial enrollment, which
we investigated further. For one patient, although
the function of the alterationwas clearly activating,

the mutation was subclonal. For another, the
patient had an activating BRAF mutation; how-
ever, the prior treatment precluded treatment
with other BRAF inhibitors. For yet another
patient, the activating BRAFmutation was found
in only one of two biopsies, raising concern about
tumor heterogeneity.

DISCUSSION

Meta-analyses comparing precision oncology
with nonpersonalized approaches reveal higher
response rates, longer survival rates, and fewer

Table 2. Reasons Patients Did Not Enroll in Genotype-Matched Trials After Precision Oncology Decision Support Annotations, as Stated by the
Survey Respondents

Reasons Patient Did Not
Enroll in Trial

All
Patients
(N=161)

Patients With Yes: Literature
Based and Yes: Inferred

Variants (n = 42)

Patients With Variants
Annotated as Potentially

Actionable (n = 29)

Patients With Variants
Annotated as Unknown
and No For Actionability

(n = 90)

Physician stated annotation does
not support trial enrollment,
No. (%)

71 (44.1) 5 (11.9) 9 (31.0) 57 (63.3)

Acted on another alteration,
No. (%)

9 (5.6) 2 (4.8) 3 (10.3) 4 (4.4)

Stable disease/responding on
current treatment, No. (%)

21 (13.0) 6 (14.3) 8 (27.6) 7 (7.8)

Elected local treatment/elected
not to travel, No. (%)

14 (8.7) 9 (21.4) 2 (6.9) 3 (3.3)

Elected other treatment,
No. (%)

11 (6.8) 6 (14.3) 2 (6.9) 3 (3.3)

Elected noninvestigational
treatment, No.

3 1 2 0

Elected nontargeted therapy, No. 2 1 0 1

Enrolled in another trial, No. 5 3 0 2

Screened for trials not relevant
to alterations, No.

1 1 0 0

Ineligible, No. (%) 25 (15.5) 11 (26.2) 5 (17.2) 9 (10.0)

No measurable disease, No. 2 2 0 0

Active brain metastases, No. 2 1 0 1

Specific morbidities, No. 1 0 1 0

Other morbidities, No. 4 2 1 1

Poor performance status, No. 10 4 1 5

Poor trial candidate, specific
comorbidities, No.

6 2 2 2

Deceased, No. (%) 3 (1.9) 1 (2.4) 0 (0) 2 (2.2)

Eligible, but no slots, No. (%) 2 (1.2) 1 (2.4) 0 (0) 1 (1.1)

No available trial options,
No. (%)

1 (0.6) 0 (0) 0 (0) 1 (1.1)

Patient did not return for a follow-
up appointment, No. (%)

2 (1.2) 1 (2.4) 0 (0) 1 (1.1)

Previously acted on this alteration,
No. (%)

2 (1.2) 0 (0) 0 (0) 2 (2.2)
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toxicity-related deaths in patients treated with
targeted therapies.17-20 However, few biomarkers
have an indication for treatment with a Food and
Drug Administration–approved drug specific to
the patient’s tumor type,21-27 and a limited number
of patients with potentially actionable alterations
receive genotype-matched therapies in experimen-
tal contexts.3-7 One contributing factor may be a
lackofdecisionsupport, as suggestedby theCancer
GenomeEvaluationCommittee, which found that
physicians are often overwhelmed by data of un-
certain significance and that sound guidelines are
essential for determining clinical action.28 More-
over, we previously reported modest differences in
trial enrollment between patients with or without
potentially actionable alterations.3 Assessing a new
population of patients where decision support was
provided, we observed that physicians acted more
often when the function of the alteration was
known.

Thenecessity for real-timedecisionsupport is clear
from the large volume of requests received from
numerous physicians (Data Supplement) treating
patientswithdiverse tumor types for alterations ina
range of genes. However, bias likely exists toward
physicians leading targeted therapy trials and for
genes targeted by those therapies.

The PODS team is frequently asked to provide an
annotation for sequencing reports from commer-
cial vendors that produce end-to-end reports,
somealreadycontainingalteration-level annotations.
Distinguishing factors of PODS reports are a clear
call of functional effect9 (eg, Activating, Inactivating,
Unknown), a range of variant-level actionability cat-
egories on the basis of experimental evidence, and
inclusion of all MD Anderson genotype-matched
clinical trials in current reports.

Previous studies reported high rates of alterations
in actionable genes,4,29-33 and we provided an an-
notation in at least one actionable gene for 97% of
patients in our cohort. Using the TARGET (Tu-
mor Alterations Relevant for Genomics-Driven
Therapy) database and PHIAL (PrecisionHeuris-
tics for Interpreting the Alteration Landscape)
algorithm to rank alterations followed by manual
annotation for only selected patients, a study
showedthat90%ofpatientshaveclinically relevant
alterations.34 Conversely, we found that 66% of
patients annotated have at least one potentially
actionable alteration on the basis of manual cura-
tion of all aberrations. Potential differences be-
tween the studies include (1) the inclusion of
potentially actionable diagnostic or prognostic al-
terations by Van Allen et al34 and not in our study;

(2) we provided annotations for only requested
alterations, and few annotation requests were ob-
tained for well-established alterations (eg, BRAF
V600E); and (3) the difference in the number of
patients assessed by manual curation in the two
studies.

Among all annotations with an actionable variant
call, only 32.5%were classified as actionable, with
another 9.4% classified as potentially actionable.
Even within genes that are considered actionable,
47.4% of the annotations either had no evidence
to support actionability or were not actionable.
Moreover, 58% of the genomic alterations anno-
tated and evaluable for frequency have not been
reported in the COSMIC database (Data Supple-
ment). These data highlight the need to define
actionability at the variant, rather than gene, level.

To determine whether physicians acted according to
the evidence presented in the PODS reports, we
followed 535 patients. Only trial enrollment was
assessed, because few annotation requests were eli-
cited to determine the appropriateness of off- or on-
label treatment, as indicated by our survey data.We
found that patients with potentially actionable/
actionable alterations more often enrolled in
genotype-matched trials than did those with
unknown/not actionable alterations. Thus, physi-
cians more often act on alterations when sufficient
evidence is provided that theymaybedriver events.

The most often-cited reason that patients did not
enroll in genotype-matched trials was that the
annotation did not support trial enrollment. This
reason was most frequently given for alterations
annotated as unknown/not actionable, indicating
physicians’ agreement with our annotation. In
several cases, physicians acted on well-known,
oncogenic variants that did not require an inter-
pretation by PODS, highlighting that, at least at
this institution, physicians do not require decision
support for the evaluation of most common ge-
nomic alterations.

Overall, enrollment in genotype-matched clinical
trials was 20.6% (110 of 535), dramatically higher
than other independent evaluations.3-7 The in-
creasewe observe fromour prior study (11%)may
be due to several factors besides delivery of PODS
annotations: (1) PODS proactively provided
genotype-matched trials in select reports, (2) an
expanded portfolio of genotype-relevant trials
open at MD Anderson, and (3) e-mail alerts to
physicians regarding potential genotype-matched
trials for patients with specific alterations.

In conclusion, a decision support system for an-
notations of patients’ molecular profiles was
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widely used at a major cancer center. PODS
reports provided alteration-level actionability in-
formation that translated into more patients en-
rolled in genotype-matched trialswith actionable/

potentially actionable alterations than those with
unknown/not actionable alterations.
DOI: https://doi.org/10.1200/PO.17.00036
Publishedonlineonascopubs.org/journal/poonSeptember13,2017.

AUTHOR CONTRIBUTIONS

Conception and design: Amber Johnson, Yekaterina B.
Khotskaya, Lauren Brusco, Mark Routbort, Kenna R. Mills
Shaw, Gordon B. Mills, Funda Meric-Bernstam,
Financial support: Kenna R. Mills Shaw, Funda Meric-
Bernstam
Administrative support: Kenna R. Mills Shaw, John Men-
delsohn, Funda Meric-Bernstam
Provision of study materials or patients: Sarina Piha-Paul,
Vivek Subbiah, David Hong, Kenna R. Mills Shaw, Funda
Meric-Bernstam
Collection and assembly of data:Amber Johnson, Yekaterina
B.Khotskaya,LaurenBrusco, JiaZeng,VijakumarHolla, Beate
C. Litzenburger, Nora S. Sánchez, Sarina Piha-Paul, Vivek
Subbiah, David Hong, Mark Routbort, Russell Broaddus,
Kenna R. Mills Shaw, Funda Meric-Bernstam
Dataanalysis and interpretation:AmberJohnson,YekaterinaB.
Khotskaya, Lauren Brusco, Jia Zeng, Vijakumar Holla, AnnM.
Bailey, Md Abu Shufean, Russell Broaddus, Gordon B. Mills,
John Mendelsohn, Funda Meric-Bernstam
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

AUTHORS’ DISCLOSURES OF
POTENTIAL CONFLICTS OF INTEREST

The following represents disclosure information provided by
authors of this manuscript. All relationships are considered
compensated. Relationships are self-held unless noted. I =
Immediate Family Member, Inst = My Institution. Relation-
shipsmaynot relate to the subjectmatter of thismanuscript. For
more information about ASCO’s conflict of interest policy,
please refer to www.asco.org/rwc or po.ascopubs.org/site/ifc.

Amber Johnson
No relationship to disclose

Yekaterina B. Khotskaya
No relationship to disclose

Lauren Brusco
Employment: Celgene

Jia Zeng
Stock and Other Ownership Interests: Amgen, McKesson,
Mylan, Adamas Pharmaceuticals

Vijaykumar Holla
No relationship to disclose

Ann M. Bailey
No relationship to disclose

Beate C. Litzenburger
Employment: Qiagen

Nora S. Sánchez
No relationship to disclose

Md Abu Shufean
No relationship to disclose

Sarina Piha-Paul
Consulting or Advisory Role: Genentech
Research Funding: GlaxoSmithKline, XuanZhu, Puma Bio-
technology, Novartis, Merck Sharp &Dohme, Curis, Principa
Biopharma, Biomarin, Helix BioPharma, Bayer, Abbvie,
Incyte, Five Prime Therapeutics, Cerulean Pharma, MedI-
mmune, Medivation

Vivek Subbiah
ResearchFunding:Novartis, GlaxoSmithKline,Nanocarrier,
NorthWest Biotherapeutics, Roche/Genentech, BergPharma,
Bayer, Incyte, FujiFilm, Pharmamar, D3, Pfizer, Amgen,
Abbvie, Multivir, Bluprint Medicines
Travel, Accommodations, Expenses:Novartis, Pharmamar,
Fujifilm

David Hong
Stock and Other Ownership Interests: MolecularMatch,
Oncorena
Honoraria: Adaptimmune, Baxter, Merrimack, Bayer
Consulting or Advisory Role: Baxter, Bayer
Research Funding:Novartis, Genentech, Eisai, AstraZeneca,
Pfizer, miRNATherapeutics, Amgen, Daiichi Sankyo, Merck,
Mirati Therapeutics, Eli Lilly
Travel, Accommodations, Expenses: Loxo, miRNA
Therapeutics
Other Relationship: Oncorena

Mark Routbort
No relationship to disclose

Russell Broaddus
No relationship to disclose

Kenna R. Mills Shaw
No relationship to disclose

Gordon B. Mills
Stock and Other Ownership Interests: Catena, PTV Sci-
ences, Spindletop Ventures, Myriad Genetics, Immunome
Honoraria: Symphogen, Nuevolution, AstraZeneca, Isis
Pharmaceuticals, Eli Lilly, Novartis, Allostery, Immunome
ConsultingorAdvisoryRole:Adventis,AstraZeneca,Catena,
Critical Outcome Technologies, Millennium, Nuevolution,
Precision Medicine Research Associates, Provista Diagnostics,
SignalChem, Symphogen, Allostery, Isis Pharmaceuticals,
MedImmune, Eli Lilly, Novartis, Tarveda Therapeutics, Tau
Therapeutics
Research Funding: Adelson Medical Research Foundation,
AstraZeneca, Critical Outcome Technologies, NanoString
Technologies, Komipharm, Breast Cancer Research Founda-
tion, Karus Therapeutics, Illumina, Millennium
Patents, Royalties,Other Intellectual Property:HRDassay
to Myriad Genetics
Travel, Accommodations, Expenses: AstraZeneca, Symph-
ogen, Isis Pharmaceuticals, MedImmune, Eli Lilly, Novartis,
Immunome, Allostery, Pfizer

10 ascopubs.org/journal/po JCO™ Precision Oncology

http://ascopubs.org/doi/full/10.1200/PO.17.00036
http://ascopubs.org/journal/po
http://www.asco.org/rwc
http://po.ascopubs.org/site/ifc
http://ascopubs.org/journal/po


John Mendelsohn
Leadership: Merrimack
Stock and Other Ownership Interests: Merrimack
Patents, Royalties, Other Intellectual Property: Royalty
payments from University of California, San Diego
Travel, Accommodations, Expenses: Merck - Germany

Funda Meric-Bernstam
Honoraria: Dialecta
Consulting or Advisory Role: Genentech, Inflection Bio-
sciences, Pieris Pharmaceuticals, Clearlight Diagnostics,
Darwin Health
Research Funding: Novartis, AstraZeneca, Taiho Pharma-
ceutical, Genentech, Calithera Biosciences, Debiopharm
Group, Bayer, Aileron Therapeutics, PUMA Biotechnology,
CytomX Therapeutics, Jounce Therapeutics, Zymeworks,
Effective Pharmaceuticals, Curis

ACKNOWLEDGMENT
We acknowledge Amy Simpson for data entry.

Affiliations
All authors: The University of Texas MD Anderson Cancer Center, Houston, TX.

Support
Supported in part by The Cancer Prevention and Research Institute of Texas (RP150535), the Sheikh Khalifa Bin Zayed Al
Nahyan Institute for Personalized Cancer Therapy (1U01CA180964), theNational Center for Advancing Translational Sciences
(UL1 TR000371; Center for Clinical and Translational Sciences), the Bosarge Family Foundation, and theMDAnderson Cancer
Center Support Grant (P30 CA016672).

REFERENCES
1. Vogelstein B, Papadopoulos N, Velculescu VE, et al: Cancer genome landscapes. Science 339:1546-1558, 2013

2. Gray SW, Hicks-Courant K, Cronin A, et al: Physicians’ attitudes about multiplex tumor genomic testing. J Clin
Oncol 32:1317-1323, 2014

3. Meric-Bernstam F, Brusco L, Shaw K, et al: Feasibility of large-scale genomic testing to facilitate enrollment onto
genomically matched clinical trials. J Clin Oncol 33:2753-2762, 2015

4. Beltran H, Eng K, Mosquera JM, et al: Whole-exome sequencing of metastatic cancer and biomarkers of treatment
response. JAMA Oncol 1:466-474, 2015

5. Dienstmann R, Dong F, Borger D, et al: Standardized decision support in next generation sequencing reports of
somatic cancer variants. Mol Oncol 8:859-873, 2014

6. Stockley TL, Oza AM, Berman HK, et al: Molecular profiling of advanced solid tumors and patient outcomes with
genotype-matched clinical trials: The Princess Margaret IMPACT/COMPACT trial. Genome Med 8:109, 2016

7. Zehir A, Benayed R, Shah RH, et al: Mutational landscape of metastatic cancer revealed from prospective clinical
sequencing of 10,000 patients. Nat Med 10.1038/nm.4333 [epub ahead of print on May 8, 2017]

8. Welch BM, Kawamoto K: The need for clinical decision support integrated with the electronic health record for the
clinical application of whole genome sequencing information. J Pers Med 3:306-325, 2013

9. Johnson A, Zeng J, Bailey AM, et al: The right drugs at the right time for the right patient: The MD Anderson
precision oncology decision support platform. Drug Discov Today 20:1433-1438, 2015

10. Sackett DL, Straus SE: Finding and applying evidence during clinical rounds: The “evidence cart.” JAMA 280:
1336-1338, 1998

11. Badgeley MA, Shameer K, Glicksberg BS, et al: EHDViz: Clinical dashboard development using open-source
technologies. BMJ Open 6:e010579, 2016

12. Forsman J, Anani N, Eghdam A, et al: Integrated information visualization to support decision making for use of
antibiotics in intensive care: Design and usability evaluation. Inform Health Soc Care 38:330-353, 2013

13. Meric-Bernstam F, Johnson A, Holla V, et al: A decision support framework for genomically informed investigational
cancer therapy. J Natl Cancer Inst 107:djv098, 2015

14. Rinehart J, Adjei AA, Lorusso PM, et al: Multicenter phase II study of the oral MEK inhibitor, CI-1040, in patients
with advanced non-small-cell lung, breast, colon, and pancreatic cancer. J Clin Oncol 22:4456-4462, 2004

15. Bennouna J, Lang I, Valladares-Ayerbes M, et al: A phase II, open-label, randomised study to assess the efficacy and
safety of the MEK1/2 inhibitor AZD6244 (ARRY-142886) versus capecitabine monotherapy in patients with co-
lorectal cancer who have failed one or two prior chemotherapeutic regimens. Invest New Drugs 29:1021-1028, 2011

16. Poulikakos PI, Solit DB: Resistance to MEK inhibitors: Should we co-target upstream? Sci Signal 4:pe16, 2011

ascopubs.org/journal/po JCO™ Precision Oncology 11

http://dx.doi.org/10.1038/nm.4333
http://ascopubs.org/journal/po


17. Schwaederle M, Zhao M, Lee JJ, et al: Association of biomarker-based treatment strategies with response rates and
progression-free survival in refractory malignant neoplasms: A meta-analysis. JAMA Oncol 2:1452-1459, 2016

18. Schwaederle M, Zhao M, Lee JJ, et al: Impact of precision medicine in diverse cancers: A meta-analysis of phase II
clinical trials. J Clin Oncol 33:3817-3825, 2015

19. Jardim DL, Schwaederle M, Wei C, et al: Impact of a biomarker-based strategy on oncology drug development: A
meta-analysis of clinical trials leading to FDA approval. J Natl Cancer Inst 107:djv253, 2015

20. HaslemDS, Van Norman SB, Fulde G, et al: A retrospective analysis of precision medicine outcomes in patients with
advanced cancer reveals improved progression-free survival without increased health care costs. J Oncol Prac 13:e108-
e119, 2017

21. Menzies AM, Long GV: Dabrafenib and trametinib, alone and in combination for BRAF-mutant metastatic mel-
anoma. Clin Cancer Res 20:2035-2043, 2014

22. KimG,McKeeAE,Ning YM, et al: FDA approval summary: Vemurafenib for treatment of unresectable ormetastatic
melanoma with the BRAFV600E mutation. Clin Cancer Res 20:4994-5000, 2014

23. Boespflug A, Thomas L: Cobimetinib and vemurafenib for the treatment of melanoma. Expert Opin Pharmacother
17:1005-1011, 2016

24. Rimawi MF, Schiff R, Osborne CK: Targeting HER2 for the treatment of breast cancer. Annu Rev Med 66:111-128,
2015

25. Kawajiri H, Takashima T, Kashiwagi S, et al: Pertuzumab in combination with trastuzumab and docetaxel for HER2-
positive metastatic breast cancer. Expert Rev Anticancer Ther 15:17-26, 2015

26. Dawood S, Sirohi B: Pertuzumab: A new anti-HER2 drug in the management of women with breast cancer. Future
Oncol 11:923-931, 2015

27. Rana P, Sridhar SS: Efficacy and tolerability of lapatinib in the management of breast cancer. Breast Cancer (Auckl) 6:
67-77, 2012

28. McGrawSA, Joffe S,Garber JE, et al: Deliberations of a precisionmedicine tumor board. J ClinOncol 34, 2016 (suppl;
abstr e13005)

29. Chen K, Meric-Bernstam F, Zhao H, et al: Clinical actionability enhanced through deep targeted sequencing of solid
tumors. Clin Chem 61:544-553, 2015

30. Frampton GM, Fichtenholtz A, Otto GA, et al: Development and validation of a clinical cancer genomic profiling test
based on massively parallel DNA sequencing. Nat Biotechnol 31:1023-1031, 2013

31. Jones S, AnagnostouV, LytleK, et al: Personalized genomic analyses for cancermutation discovery and interpretation.
Sci Transl Med 7:283ra53, 2015

32. Robinson D, Van Allen EM,Wu YM, et al: Integrative clinical genomics of advanced prostate cancer. Cell 161:1215-
1228, 2015 [Erratum: Cell 162:454, 2015]

33. Uzilov AV, Ding W, Fink MY, et al: Development and clinical application of an integrative genomic approach to
personalized cancer therapy. Genome Med 8:62, 2016

34. Van Allen EM, Wagle N, Stojanov P, et al: Whole-exome sequencing and clinical interpretation of formalin-fixed,
paraffin-embedded tumor samples to guide precision cancer medicine. Nat Med 20:682-688, 2014

12 ascopubs.org/journal/po JCO™ Precision Oncology

http://ascopubs.org/journal/po

