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Oncologists’ Use of Genomic 
Sequencing Data to Inform Clinical 
Management

INTRODUCTION

Clinical implementation of tumor genomic 
sequencing is emerging as a promising strat-
egy to improve patient outcomes in oncology.1 
Integrating an individual’s clinical history with 
genomic data can inform both diagnostic and 
treatment strategies, potentially suggesting 
therapies that are tailored to the patient’s tumor 
mutational landscape.2

There are several ongoing national efforts to 
evaluate the effectiveness of treating cancers 
with targeted therapies informed by alterations 
in patients’ tumors. The National Cancer Insti-
tute's Molecular Analysis for Therapy Choice 
(MATCH) is a basket study matching patients 
with metastatic solid tumor malignancies to 
Food and Drug Administration–approved or 
experimental drugs on the basis of specific tumor 

alterations.3 The Tumor Agent and Profiling 
Utilization Registry study (TAPUR), sponsored 
by ASCO, matches patients to commercially 
available targeted antineoplastic agents on the 
basis of potentially actionable tumor events.4 The 
Initiative for Molecular Profiling in Advanced 
Cancer Therapy (IMPACT) program in the 
phase I clinic at MD Anderson Cancer Center 
matches targeted agents with tumor molecular 
alterations in patients with advanced cancer.5

Evaluating the evidence for improved outcomes 
for patients with cancer matched to targeted 
agents is an essential first step. However, many 
other barriers, including the lack of a standard 
framework for the classification of genomic alter-
ations, complicate the integration of genomic 
information into clinical management. This is 
problematic because many alterations have not 
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been validated as biomarkers to predict thera-
peutic response to drugs. Furthermore, there is 
debate among medical professionals about what 
should be considered clinically actionable and 
what types of findings from clinical sequenc-
ing should be disclosed to patients.6-12 Still, it is 
common for studies that use sequencing results 
to match patients with targeted therapy to report 
the frequency of actionable results.13 However, few 
report what percentages of these actionable results 
were eventually acted on in clinical practice.

Currently, most commercially available tumor- 
testing platforms focus on targetable alterations 
in a limited set of genes. In contrast, the Mich-
igan Oncology Sequencing (MI-ONCOSEQ) 
program has adopted a more comprehensive 
approach by sequencing the genome, exome, and 
transcriptome of tumors, as well as a matched 
normal sample, in an effort to characterize 
novel variants that may increase cancer risk. 
This has led to the identification of alterations 
with important clinical implications, such as the 
activation of ESR1 mutations in patients with 
estrogen receptor-α–positive metastatic breast 
cancer refractory to hormonal therapies, impli-
cating these mutations as a likely mechanism of 
resistance to endocrine therapy.3 Furthermore, 
novel fibroblast growth factor receptor fusions, 
potentially targetable with fibroblast growth 
factor receptor inhibitors currently being stud-
ied in clinical trials, have been identified across a 
diverse range of cancer types.4 These discoveries 
highlight how taking a comprehensive approach 
to identifying therapeutic targets for individual 
patients with cancer can expand the molecu-
lar taxonomy of cancer. To address whether 
oncologists are using sequencing findings to 
change a patient’s clinical management, and to 
what extent potentially actionable findings are 
being acted on, we surveyed oncologists refer-
ring patients with rare, advanced, or refractory 
cancer to the MI-ONCOSEQ program, a preci-
sion oncology research study at University of 
Michigan Comprehensive Cancer Center.14 We 
also examined whether there was concordance 
between an oncologist’s intention to disclose the 
finding and the referred patient’s perception of a 
disclosure of results. Finally, the clinical course 
of referred patients was reviewed retrospectively 
to establish how many patients actually had 
changes made to their clinical management, as 
well as how many derived clinical benefit from 
the sequencing results.

PATIENTS AND METHODS

Integrative Clinical Sequencing

Oncologists referring consecutive patients with  
advanced-stage solid-tumor malignancies to  
the MI-ONCOSEQ program were surveyed 
between June 2014 and March 2015. Detailed 
information on the program, including patient 
eligibility criteria, have been reported previously.14 
Results were generated within approximately  
6 to 8 weeks, and potentially actionable find-
ings were discussed at an institutional precision 
medicine tumor board (PMTB) composed of 
members with expertise in medical oncology, 
hematology, clinical pathology, cancer genet-
ics and genetic counseling, bioinformatics, and 
bioethics. A summary of the patient’s PMTB 
findings, and a brief online survey, were e-mailed 
to each referring oncologist approximately 
1 week after PMTB. The patient was sent a 
survey approximately 2 weeks after the oncolo-
gist received the results. The MI-ONCOSEQ 
program received institutional review board 
approval from the University of Michigan.

Framework for Classification of Genomic 
Alterations

To determine the clinical relevance or poten-
tial actionability of comprehensive sequencing 
results, the study team developed a post hoc 
clinical tiering system to allow for a uniform and 
scalable approach for classifying alterations for 
research purposes (Table 1).

Tier 1 alterations represent the highest level of 
clinical evidence and are generally incorporated 
into National Comprehensive Cancer Net work 
guideline–based recommendations for the treat-
ment of malignancies. This includes Food and 
Drug Administration–approved therapies in the 
context of a molecular biomarker that predicts 
therapeutic response to a drug, pathogenic 
germline alterations conferring increased cancer 
risk, or sequencing information that contrib-
uted to a change in cancer diagnosis for tumors 
of unknown primary origin. Tier 2 alterations 
represent the identification of molecular alter-
ations that meet the enrollment criteria for 
a clinical trial or registry study of a targeted 
therapeutic agent. Tier 3 alterations suggest a 
scientific rationale or preclinical data predictive 
of therapeutic response to a particular drug. Tier 
4 alterations suggest a biologic relevance for a 
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particular molecular alteration with regard to 
tumor pathogenesis, but are not considered to 
be clinically actionable.

Oncologist Survey

After receiving the PMTB report, oncolo-
gists were surveyed about their intended use 
of sequencing information. Each oncologist 
received a survey for every patient he or she 
referred during the 9-month period, and there-
fore, the same oncologist may have completed 
multiple surveys. Survey items assessed whether 
and how oncologists planned to change the 
patient’s treatment in light of findings from 
sequencing. For example, oncologists were asked, 
“Will you make any changes to this patient’s 
cancer treatment based on PMTB and/or the 
MI-ONCOSEQ report?” (Response options  
were “yes,” “no,” “not sure.”) If the oncologist 
selected “yes,” he or she was asked, “What changes 
will you make?” If the oncologist endorsed “no” 
or “not sure,” he or she was asked, “What is your 
reasoning for not making any changes?” Addi-
tional items asked about intention to disclose the 
findings to patients as well as how and when this 
communication would occur. 

Patient Surveys

Patients enrolled in the MI-ONCOSEQ program 
were administered surveys after they consented 

to participate in the study and after the refer-
ring oncologist received the PMTB report. 
At baseline, a 23-item survey assessed patients’ 
knowledge and expectations regarding genomic 
sequencing, including beliefs about incidental 
findings, and preference for the return of results. 
A follow-up survey mailed approximately 2 weeks 
after the referring oncologist received the results 
assessed patients’ fulfillment of expectations, 
decisional regret, satisfaction with results, and 
behavioral changes.

Concordance Between Oncologist and 
Patient Responses

To assess gaps in the communication process, we 
compared items about an oncologist’s intention to 
disclose the sequencing results with the patient’s 
recollection of a results disclosure discussion. 
Specifically, “Will you share the genetic sequenc-
ing results with this patient?” (Response options 
were “yes,” “no,” “not sure.”) Similarly, in their 
follow-up survey, patients were asked, “Since 
you began participating in this research study, 
has your doctor(s) discussed one or more of 
your genome sequencing test results with you?” 
(Response options were “yes,” “no,” “not sure.”)

Next, we conducted a content analysis of patients’ 
medical records to find documentation of a disclo-
sure discussion. Medical records were reviewed 
using search terms such as “MIONCOSEQ” and 
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Table 1. Potentially Actionable Genomic Alteration Classification

Tier 1 Approved biomarker predictive of therapeutic response to an approved drug in that disease

For example: BRAFV600E mutation, vemurafenib, melanoma

Germline alteration conferring increased cancer risk

For example: Pathogenic germline BRCA1 alteration

Change in cancer diagnosis

For example: CUP determined to be NSCLC

Tier 2 Rationale for enrollment in a clinical trial or registry study (TAPUR)

For example: FGFR2 fusion in cholangiocarcinoma, FGFR inhibitor BGJ398

Tier 3 A. Alteration predictive of therapeutic response to a drug

For example: ESR1 mutation, breast cancer, antiestrogen therapy

B. Rationale for use of an approved drug in that disease

For example: VEGFR overexpression, pazopanib, soft tissue sarcoma

Tier 4 A. Molecular alteration confirmatory of cancer diagnosis

For example: NAB2-STAT6 fusion, solitary fibrous tumor

B. Alteration in known oncogene or tumor suppressor

For example: APC mutation

Abbreviations: CUP, carcinoma of unknown primary; FGFR, fibroblast growth factor receptor; NSCLC, non–small-cell lung cancer; 
TAPUR, Tumor Agent and Profiling Utilization Registry study; VEGFR, vascular endothelial growth factor receptor.
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“results” in clinical visit notes, telephone calls, 
or e-mails preceding the PMTB presentation or 
when the oncologist received the results report. 
Two team members independently conducted 
the medical record review. Coding discrepancies 
were discussed and resolved by team members 
(N.B., L.Q.L., M.C.G., and J.S.R.).

Patient Outcome Information

A medical oncologist on the study team (E.C.) 
retrospectively reviewed the clinical course of 
all referred patients to determine the number 
of patients whose subsequent clinical manage-
ment was informed or changed by sequencing 
results. Outcomes assessed included whether 
treatment was altered on the basis of results, the 
type of treatment or change in management, 
and the identification of a germline alteration 
with implications for management of patient or 
family member care (eg, cascade testing).

Data Analysis

Descriptive data, including frequencies and 
percentages, were calculated for demographic 
variables and responses to the survey ques-
tions for both the referring oncologists and the 
patients. Whether survey participants’ char-
acteristics and responses predicted intention 
to change clinical management and report of a 
results discussion were compared using Fisher’s 
exact tests for categorical variables for low cell 
counts. All analyses were conducted using SPSS 
version 22 (SPSS, Chicago, IL).

RESULTS

Oncologist and Patient Surveys

Forty-three oncologists referring 112 patients 
to the MI-ONCOSEQ study between June 
2014 and March 2015 completed the survey 
(response rate, 93%). Twelve percent were MDs 
and PhDs. Median year of medical school grad-
uation was 1993 (SD, 11.6). Approximately one 
half (52%) of the oncologists surveyed referred 
three or more patients (median, two patients; 
range, one to 12 patients).

Of the 112 patients, the mean age was 57 years 
(SD, 12.7 years), 51.8% were female, 94.6% 
self-reported as being white, and 32.1% were 
college graduates (Table 2). Given that MI- 
ONCOSEQ recruitment centered on advanced 

stage solid tumor malignancies (including sarco-
mas and other rare cancers), a wide range of 
malignancies was represented in the cohort 
(Table 3).

Surveyed oncologists reported that they planned 
to make changes to the treatment of 22% of 
patients (n = 24) on the basis of sequencing 
results. The oncologists had no plans to change 
the treatment of 51% of patients (n = 60), or were 
not sure if they were going to make any treatment  
changes for 28 patients. Specific reasons for 
treatment-related decisions are provided (Table 4).  
The most frequently endorsed reasons for not 
changing clinical management were a lack of 
locally available trials offering therapies relevant 
to the findings (59%), findings not actionable 
(ie, not enough clinical evidence or results not 
clinically significant; 27.4%), and the effective-
ness of a patient’s current treatment (12%).

Regardless of an intention to change treatment, 
oncologists intended to share sequencing results 
with 94 of the 112 patients (84%). Surveyed 
oncologists planned to communicate the results 
to the majority of patients (68%) in person at 
a clinic visit. Several indicated that they would 
disclose results by telephone (20%) or before the 
patient’s next visit (24%).

Intention to change treatment and the mode 
of communication of findings were stratified 
by the median number of patients referred and 
the patient diagnosis. No variables significantly 
predicted intention to change treatment (Fig 1).

Concordance Between Oncologist and 
Patient Responses

Of the 94 patients for whom an oncologist 
intended to share results, 57 completed the 
follow-up survey. More than one half (n = 34) 
of the surveyed patients reported that a results  
disclosure discussion did not take place. However, 
in 14 of these patient records (representing 
24.6% of respondents overall), there was docu-
mentation of results disclosure despite patients 
reporting otherwise. In addition, five medical 
records contained specific documentation that a 
discussion of results took place after the patient 
completed the follow-up survey. No evidence of 
a results disclosure discussion was found in the 
medical records of 15 patients. Twenty-three of 
the surveyed patients indicated that their oncol-
ogist discussed the sequencing results with them, 
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and a documented note in their medical record 
supported their response. Controlling for refer-
ring oncologist or cancer type did not significantly 
predict report of a results discussion.

Actionability Classification of Tumor 
Genomic Alterations, and Patient Outcomes

On the basis of the retrospective chart review, 
nine of 24 patients had actual changes in clinical 
management informed by sequencing results. 

Three of the detected alterations were Tier 1 or 
were in accordance with guideline-based recom-
mendations for treatment of that malignancy. 
The majority of alterations (n = 6) were Tier 
2 and were relevant to enrollment in a clinical 
trial. Of note, three of the Tier 1- or 2-classified  
alterations identified are used widely in stan-
dard clinical practice and were known about  
before comprehensive sequencing was per-
formed (eg, cholangiocarcinoma diagnosed before 
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Table 2. Oncologist and Patient Survey Respondent Characteristics

Characteristic Respondent

Oncologists (n = 43)*

Sex

 Female 16 (37)

 Male 27 (63)

Year medical training completed, median (range) 1993 (1969-2013)

Education

 MD and PhD 5 (12)

Fellowship

 Hematology and medical oncology 28 (65)

 Oncology 10 (23)

 Other 5 (12)

Oncologist primarily sees patients at an academic medical center 42 (98)

No. of patients referred to study

 Median 2

 Range 1-9

Patients (n = 112)

 Sex

  Female 58 (51.8)

  Male 54 (48.2)

 Age, years

  Mean (SD) 57 (12.7)

  Range 24-82

 Race/ethnicity

  White 106 (94.6)

  Black or African American 4 (3.6)

  Asian 1 (0.9)

  More than one race 1 (0.9)

 Education

  High school 22 (19.6)

  Some college 14 (12.5)

  Associate or technical degree 13 (11.6)

  Bachelor’s degree 14 (12.5)

  Master’s degree 13 (11.6)

  Doctoral degree 9 (8.0)

NOTE. Data are presented as No. (%) unless indicated otherwise.
*Includes physicians referring patients to the study between June 2014 and February 2015; 94% response rate.

http://ascopubs.org/journal/po


enrollment with FH germline mutation that had 
been clinically validated previously; Table 4).

Reasons varied greatly as to why results did not 
inform subsequent clinical management despite 
the identification of a clinically actionable result. 
On the basis of a review of medical records, these 
reasons included patient barriers (eg, unable to 
travel to referred trial), insurance or cost (eg, phase 
I clinical trial not covered), ineligibility for an iden-
tified study (eg, impaired liver or renal function), 
and loss to follow-up or patient deceased.

DISCUSSION

Comprehensive genomic sequencing offers the 
opportunity to characterize somatic and germ-
line alterations for patients who have exhausted 
standard therapies and to potentially inform 
patients of additional treatment options. In this 
study, we found that oncologists reported inten-
tions to make changes to treatment on the basis of 
genomic findings for 24 of 112 patients with rare 
or refractory cancers. Furthermore, oncologists 
planned to disclose findings to the majority of 
patients, regardless of whether test results were 
likely to inform the patient’s treatment plan. Of 
the 24 patients whose oncologists indicated an 
intention to change clinical management, fewer 
than one half actually had subsequent changes 
to clinical management informed by sequencing 
results. These findings demonstrate both the 
potential benefit that can result from taking a 
comprehensive approach to identify targeted 
therapies tailored to a patient’s mutational 
landscape and the barriers to implementation 
of tumor-related genomic results into clinical 
management. Significant obstacles include, but 
are not limited to, the need for additional educa-
tional support for both clinicians and patients, 
the need to define what constitutes an actionable 
finding, lack of access to clinical trials and off- 
label therapies, and the need for future research 
to develop improved patient-provider commu-
nication mechanisms.

Our findings are consistent with those of other 
studies that have reported notable barriers to 
the integration of sequencing results into clin-
ical practice.15,16 We found several instances 
that suggested a need for educational resources 
to support both the patient and the clinician. 
Excessive, dense, or overly technical informa-
tion can lead to misinterpretation, underscoring 
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Table 3. Malignancies Represented in the Cohort

Malignancies 
No. of Cases 

(N = 112)

Breast 17

Prostate 10

Cholangiocarcinoma 9

Hairy cell leukemia 7

Ovarian 7

Esophageal 6

Unknown primary 6

DLBCL 4

Adrenocortical carcinoma 3

Lung 3

Melanoma 3

Cutaneous lymphoma 2

Myeloma 2

Synovial sarcoma 2

Acute lymphocytic leukemia 1

Adenocarcinoma of unknown primary 1

Adenoid cystic carcinoma 1

Alveolar soft part sarcoma 1

Anaplastic thyroid carcinoma 1

Bladder 1

Blastic plasmacytoid dendritic cell 
neoplasm

1

Chondrosarcoma 1

CMML 1

De-differentiated liposarcoma 1

Extraskeletal myxoid chondrosarcoma 1

Follicular lymphoma 1

Gastric 1

GIST 1

Granular cell cancer 1

Hodgkin lymphoma 1

Leiomyosarcoma 1

Liposarcoma 1

Lymphoma 1

Myelofibrosis 1

Myoepithelioma 1

Mantle cell lymphoma and 
chronic lymphatic leukemia 

1

MDS/Waldenström's 
macroglobulinemia

1

Metastatic adamantinoma 1

Myelofibrosis 1

Nonseminomatous germ cell tumor 1

(Continued on following page)
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Medical chart
review
(n = 57)

Patient
follow-up
survey
(n = 57)

Oncologist
survey
Oncologists referring 112
patients (N = 43)
RR, 93% 

Referred to
MI-ONCOSEQ

(N = 122) 

Completed survey
(N = 112)

Planned to share
results with patients

(n = 94)

Documented
disclosure discussion

(n = 14)  

Discussion after
follow up survey

(n = 5) 

No documentation
of disclosure

(n = 15)  

Did not plan or unsure of plan
to share results with patients

(n = 18)

Did not have a
discussion

with physician
(n = 6)

Had a discussion
with physician

(n = 1)

Did not have a 
discussion

with physician
(n = 34)

Had a discussion
with physician

(n = 23)

Completed
follow-up survey

(n = 57)   

Loss to
follow-up
(n = 19)  

Deceased or 
hospice
(n = 18) 

Completed
follow-up survey

(n = 7)   

Loss to
follow-up

(n = 4)

Deceased or 
hospice
(n = 7) 

Fig 1. Study flowchart. 
MI-ONCOSEQ, Michigan 
Oncology Sequencing pro-
gram; RR, response rate.

the need for improved and better-designed test 
reports.

Discordance between an oncologist and a 
patient’s perceptions of a disclosure of results 
suggests the need for improvements in patient- 
provider communication as a point of inter-
vention. We also found notable gaps in the 
communication process. Determining the reasons 
for this discordance may inform strategies for 
improving communication in future studies. For 

example, patients with advanced or rare disease, 
such as the patients in this study, often join 
multiple research studies, go through multiple 
treatments regimens in a brief timeframe, and 
meet with several providers. It is reasonable that 
patients might not remember the specific study 
being discussed, be fatigued from treatments and 
appointments, or be confused by complex medi-
cal terminology.

Defining what constitutes an actionable finding 
is often challenging when multiple stakehold-
ers are involved. Members of the PMTB bring 
expertise from a wide range of perspectives. 
Pathologists, for example, might consider a 
finding to be actionable if it informs diagno-
sis. Bioinformaticists or other basic science 
researchers could view as actionable informa-
tion that expands the current understanding of 
the genetic mechanisms behind human cancers. 
Clinicians might define as actionable only find-
ings with a therapeutic implication. In this study, 
all results given to the oncologist after delib-
eration at the PMTB were categorized in the 
summary as potentially actionable findings. 
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Table 3. Malignancies Represented in the Cohort (Continued)

Malignancies 
No. of Cases 

(N = 112)

NSCLC 1

Poorly differentiated malignant 
carcinoma

1

Retroperitoneal sarcoma 1

SCC 1

Undifferentiated spindle cell sarcoma 
of the right thigh

1

Abbreviations: CMML, chronic myelomonocytic leukemia; DLBCL, diffuse large B-cell lympho-
ma; NSCLC, non–small-cell lung cancer; SCC, squamous cell carcinoma.
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Table 4. Outcomes on the Basis of Potentially Actionable Genomic Alteration

Diagnosis Genomic Alteration* Tier†
Intended Change or Reason for 
No Intended Change (if given)

Actual Change in Clinical 
Management

Outcomes for patients whose oncologist intended to change clinical management

Unknown primary High expression of WNT1,  
PAX8 alteration

1 Change this patient's 
chemotherapy regimen

Received niclosamide off 
label

Unknown primary MUTYH germline alteration 1 Change this patient's 
chemotherapy regimen

Patient died before being 
able to receive BRAF 
inhibitor therapy

CMML Sequencing result confirmed or 
clarified diagnosis

1 None selected Received appropriate first-
line therapy for CMML

Adenoid cystic carcinoma BRIP1 germline alteration, but 
no loss of heterozygosity in 
tumor

1 Refer this patient to a clinical trial Patient unable to be seen 
in phase I clinic because of 
insurance issues

Breast ERBB2 amplification,  
MUTYH germline alteration,  
PIK3CA hotspot mutation

1 Change this patient's 
chemotherapy regimen; refer to 
CGC‡

Patient initiated on herceptin 
and perjeta

Cholangiocarcinoma FH germline alteration,  
STK11 homozygous deletion

2 Change this patient's 
chemotherapy regimen; refer this 
patient to a clinical trial; refer to 
CGC

Administration of everolimus 
off label

DLBCL CDKN2A homozygous deletion 2 Change this patient's 
chemotherapy regimen

Lost to follow-up

Head and neck SCC CDKN2A mutation 2 None selected Referral to hospice

Head and neck SCC HRAS mutation, TSC1 
mutation,  
PIK3CA mutation

2 Refer this patient to a clinical trial Patient referred to trial but 
did not enroll

Head and neck SCC CDKN2A mutation 2 Change this patient's 
chemotherapy regimen; refer this 
patient to a clinical trial

Patient referred to trial but 
did not enroll

Cholangiocarcinoma IDH1 mutation 2 Refer this patient to a clinical trial Enrolled in a clinical trial of 
IDH1 inhibitor

Acute lymphocytic leukemia PPP1R12A-JAK 2 fusion 2 Change this patient's current 
medications

Received ruxolitnib off label

Ovarian KRAS mutation 2 Change this patient's 
chemotherapy regimen; refer this 
patient to a clinical trial

Lost to follow-up

Cholangiocarcinoma ERBB2 amplification,  
CDKN2A homozygous loss

2 Change this patient's 
chemotherapy regimen; refer this 
patient to a clinical trial

Initiated on herceptin off 
label

NSCLC KRAS mutation 2 Refer this patient to a clinical 
trial; refer this patient to a clinical 
trial

Patient did not enroll in trial, 
although was referred for 
screening

DLBCL EZH2 hotspot mutation 2 Refer this patient to a clinical 
trial; refer this patient to a clinical 
trial

Patient did not enroll in trial 
because travel was too far

Leiomyosarcoma GREB1-NR4A3 fusion 2 Change this patient's current 
medications

Patient received letrozole 
off label

Anaplastic thyroid carcinoma BRAFV600E mutation 2 None selected Patient enrolled in hospice 
before being able to be 
placed on BRAF inhibitor 
therapy

Cholangiocarcinoma ARID1A copy loss,  
IDH1 hotspot mutation

2 Refer this patient to a clinical trial Patient did not qualify for 
phase I study given elevated 
bilirubin

(Continued on following page)
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Table 4. Outcomes on the Basis of Potentially Actionable Genomic Alteration (Continued)

Diagnosis Genomic Alteration* Tier†
Intended Change or Reason for 
No Intended Change (if given)

Actual Change in Clinical 
Management

Esophageal ERBB2 amplification 2 Change this patient's 
chemotherapy regimen

Patient received herceptin

Prostate PTEN homozygous loss,  
PIK3CA hotspot mutation

2 Change this patient's current 
medications; refer this patient to a 
clinical trial

Patient not referred to any 
clinical trials

Adrenocortical carcinoma No recommendation from 
PMTB

NA Change this patient's 
chemotherapy regimen; refer this 
patient to a clinical trial

Patient referred to trial but 
did not enroll

Hodgkin lymphoma No recommendation from 
PMTB

NA Change this patient's 
chemotherapy regimen

Lost to follow-up

Ovarian No recommendation from 
PMTB

NA NA Patient did not receive 
PARP inhibitor or enroll in a 
clinical trial

Outcomes for patients whose oncologist did not plan on changing clinical management

GIST HOXB13 germline mutation,  
CDKN2A/B homozygous 
deletion, PDGFRA mutation

1 Enrolled in clinical trial 
using divotinib given 
PDGFR mutation

Cholangiocarcinoma MSH2 germline mutation,  
HOXB13 germline mutation

1 Patient currently receiving 
therapy and is due for response 
evaluation in 3 weeks; if 
progressive disease, oncologist 
plans to use this information

None

Bladder CHEK2 germline mutation 1 None

Melanoma BRAFV600E mutation 1 None

Melanoma BRAFV600E mutation 1 None

Esophageal MITF germline mutation 1 None

Ovarian BRCA1 germline mutation 1 None

Lung EML4-ALK fusion,  
ALK mutation

1 Patient changed to treatment 
with ceritinib given ALK 
mutation

Melanoma BRAFV600E mutation 1 None

Esophageal CHEK2 germline mutation 1 None

Prostate MUTYH germline mutation 1 Patient currently in another 
clinical trial and randomly 
assigned to abiraterone plus 
PARP-I

None

Breast AKT1 copy gain,  
PIK3CA mutation

2 None

Breast PIK3CA mutation 2 Patient referred to clinical 
trial, but unknown if enrolled

Prostate PTEN homozygous deletion 2 None

Prostate PTEN homozygous deletion 2 Patient already started on 
treatment that is supported by 
sequencing results

None

Chrondrosarcoma IDH1 mutation 2 None

Lung KRAS mutation,  
ARID1A mutation,  
ATM mutation

2 Oncologist stated that none of 
the findings suggested relevant 
clinical trials or commercially 
available agents

None

Gastric FGFR2 amplification 2 None

(Continued on following page)
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Table 4. Outcomes on the Basis of Potentially Actionable Genomic Alteration (Continued)

Diagnosis Genomic Alteration* Tier†
Intended Change or Reason for 
No Intended Change (if given)

Actual Change in Clinical 
Management

Unknown primary CCND1 amplification 2 None

Hairy cell leukemia BRAFV600E mutation 2 Patient initiated clinical trial 
opportunities before the test 
results becoming available

Patient received 
vemurafenib, BRAF inhibitor

DLBCL CDKN2A/B homozygous 
deletion

2 None

Unknown primary Hypermutated,  
STK11 homozygous deletion, 
KRAS mutation,  
MTOR mutation

2 None

Head and neck PTEN mutation,  
PIK3CA mutation

2 None

Head and neck CDKN2A loss,  
NRAS amplification

2 None

Ovarian MET copy gain 2 Referring oncologist stated 
“would have tried,” but patient 
deteriorated suddenly and chose 
palliative care

None

Esophageal AURKA copy gain,  
CDK6 amplification

2 None

Unknown primary Hypermutated 2 None

Prostate PTEN homozygous deletion 2 None

Lung EGFR amplification, 
hypermutated

2 None

Prostate PIK3CA mutation 2 Oncologist said if patient does 
not have a response to current 
treatment, will look into whether 
the phase I trial with PI3k 
inhibitor is still open

None

Prostate PTEN homozygous deletion 2 None

Adrenocortical carcinoma MSH2 mutation (somatic), 
hypermutated,  
NF1 deletion

2 None

Breast High AR expression,  
PIK3CA mutation,  
CCND1 amplification

2 None

Prostate AR copy gain 3 None

Breast No recommendation from 
PMTB

NA None

Cutaneous T-cell lymphoma No recommendation from 
PMTB

NA None

Ovarian No recommendation from 
PMTB

NA Referring oncologist stated that 
the biopsy yielded too little tumor 
to give useful results

None

Synovial sarcoma No recommendation from 
PMTB

NA None

Prostate No recommendation from 
PMTB

NA None

Head and neck No recommendation from 
PMTB

NA None

(Continued on following page)
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However, several oncologists reported on the 
survey that they did not plan to make treatment 
changes because of a perceived lack of clinical 
significance of the sequencing results. In addi-
tion, we encountered unexpected examples of 
how clinicians defined an actionable finding. In 
one case, genomic sequencing of a tumor of a 

patient diagnosed with head and neck squamous 
cell carcinoma revealed a highly mutated pheno-
type. In the oncologist’s view, this confirmed that 
there was nothing that could be done. On the 
survey, the oncologist endorsed that this patient 
had an actionable finding because it aided in 
the decision to forego additional treatments, 
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Table 4. Outcomes on the Basis of Potentially Actionable Genomic Alteration (Continued)

Diagnosis Genomic Alteration* Tier†
Intended Change or Reason for 
No Intended Change (if given)

Actual Change in Clinical 
Management

Synovial sarcoma No recommendation from 
PMTB

NA None

Extraskeletal myxoid 
chondrosarcoma

No recommendation from 
PMTB

NA None

Adrenocortical carcinoma No recommendation from 
PMTB

NA None

Myelofibrosis No recommendation from 
PMTB

NA None

Adenoid cystic carcinoma No recommendation from 
PMTB

NA None

Liposarcoma No recommendation from 
PMTB

NA None

Adenoid cystic carcinoma No recommendation from 
PMTB

NA None

Unknown primary No recommendation from 
PMTB

NA None

Waldenstrom's 
macroglobulinemia

No recommendation from 
PMTB

NA None

Breast No recommendation from 
PMTB

NA None

Myelofibrosis No recommendation from 
PMTB

NA None

Ovarian No recommendation from 
PMTB

NA None

Blastic plasmacytoid dendritic 
cell

No recommendation from 
PMTB)

NA None

Breast No recommendation from 
PMTB

NA None

Prostate No recommendation from 
PMTB

NA None

Lymphoma No recommendation from 
PMTB

NA None

Alveolar soft part sarcoma No recommendation from 
PMTB

NA None

Breast No recommendation from 
PMTB

NA None

Abbreviations: ALK, anaplastic lymphoma kinase; AR, androgen receptor; AURKA, aurora kinase A; BRAF, B-Raf proto-oncogene; CGC, cancer genetics clinic; 
CMML, chronic myelomonocytic leukemia; DLBCL, diffuse large B-cell lymphoma; GIST, gastrointestinal stromal tumor; IDH1, isocitrate dehydrogenase 1 ; MET, 
mesenchymal-epithelial transition factor; NA, not applicable; NSCLC, non–small-cell lung cancer; PARP, poly (ADP-ribose) polymerase; PDGFR, platelet-derived 
growth factor receptor; PMTB, precision medicine tumor board; SCC, squamous cell carcinoma; WNT, cysteine-rich glycoproteins.
*Somatic alteration unless noted as arising in the germline.
†Tier of potentially actionable genomic alteration acted on.
‡Referred to CGC specializing in inherited cancers.
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which in the end resulted in a change in clinical 
management (ie, the decision to refer to hospice). 
Actionable can mean different things to different 
individuals on the care team. Therefore, estab-
lishing a clear framework for defining actionable 
findings is critical to the implementation of 
comprehensive genomic sequencing information 
in clinical management. Our attempt to address 
this barrier was the tiering scalable framework for 
classification of alterations to be implemented in 
future test reports.

Other prominent barriers patients and oncol-
ogists faced included uncertainty about locally 
available clinical trials and the lack of access to 
off-label therapies. These barriers include a lack 
of information about existing trials and thera-
pies, a lack of resources to identify trial eligibility, 
inability to obtain approval for compassionate 
use for off-label drugs, and logistical challenges 
for the patient (travel, lack of insurance cover-
age, or financial constraints).

Our study sample is not representative of oncol-
ogists in general given its over-representation 
of practitioners in an academic medical center. 

Patient outcomes in this study may not be 
reflective of those of common types of cancer. 
Enrollment eligibility criteria included metastatic 
or refractory cancer, where standard of care is 
often ineffective, or rare cancers for which no 
standard of care therapy exists. Furthermore, 
the sample size was limited by the rare nature 
of the cancer types and the survey time interval. 
For example, there was a higher frequency of 
patients with hematologic malignancies being 
referred during this 9-month interval than 
across the entire study timeframe. In addition, 
because medical record information is not always 
complete and may not accurately capture the 
existence or nature of discussions with patients, 
the verification of disclosures and outcomes was 
limited to a subset of individuals. It is possible 
that the views and experiences of these patients 
do not reflect the broader group of individuals in 
the research study.
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