
PERSPECTIVE

2107

for-profit medical schools — quality and oversight

n engl j med 387;23 nejm.org December 8, 2022

Disclosure forms provided by the author 
are available at NEJM.org.

From the Century Foundation, New York. 

This article was published on December 3, 
2022, at NEJM.org.

1. Miller LE, Weiss RM. Medical education 
reform efforts and failures of U.S. medical 
schools, 1870–1930. J Hist Med Allied Sci 
2008; 63: 348-87.
2. Liaison Committee on Medical Educa-
tion. Academic quality and public account-

ability in academic medicine:  the 75-year 
history of the LCME. 2017 (http://www . lcme 
. org/  wp - content/  uploads/  f ilebase/  articles/ 
 October - 2017 - The - 75 - Year - History - of - the  
- LCME_COLOR . pdf).
3. Weisbrod BA. The nonprofit mission 
and its financing:  growing links between 
nonprofits and the rest of the economy. In:  
Weisbrod BA, ed. To profit or not to profit:  
the commercial transformation of the non-
profit sector. Cambridge, United Kingdom:  
Cambridge University Press, 1998: 1-22.

4. Adashi EY, Krishna GR, Gruppuso PA. 
For-profit medical schools — a Flexnerian 
legacy upended. JAMA 2017; 317: 1209-10.
5. Shireman R. For-profit medical schools, 
once banished, are sneaking back. New 
York:  The Century Foundation. March 12, 
2020 (https://tcf . org/  content/  commentary/ 
 for - profit - medical - schools - once - banished 
- are - sneaking - back - onto - public - university 
- campuses/  ).
DOI: 10.1056/NEJMp2117605
Copyright © 2022 Massachusetts Medical Society.

Closing the Gap in Cancer Genomic Testing
Richard L. Schilsky, M.D., and Dan L. Longo, M.D.  

Genomic analysis of tumor 
tissue and circulating tumor 

DNA is an increasingly impor-
tant component of cancer care; 
such testing can be used to as-
sess cancer risk, inform progno-
sis, and detect disease recurrence 
after treatment completion, for 
example. The most important ap-
plication of genomic analysis has 
been in guiding therapy selection 
with the use of validated diag-
nostic tests, particularly compan-
ion diagnostics. The Food and 
Drug Administration (FDA) de-
fines a companion diagnostic test 
as an in vitro diagnostic device 
that is essential for the safe and 
effective use of a corresponding 
therapeutic product. Such an ap-
proach was first used in 1998, 
when trastuzumab was paired 
with an immunohistochemical 
test that measured expression of 
human epidermal growth factor 
receptor 2 (HER2, also known as 
ERBB2) in breast cancer tissue to 
determine the likelihood that a 
tumor would respond to treat-
ment. Since then, the use of mo-
lecularly targeted therapies and 
companion diagnostic tests has 
rapidly expanded.

As of June 2022, the FDA had 
cleared or approved companion 
diagnostic tests for approximate-
ly 27 molecular biomarkers that 
guide therapy selection for more 

than 40 FDA-approved drugs indi-
cated in the treatment of 16 tumor 
types. Five molecular alterations 
— high microsatellite instability, 
high tumor mutation burden, 
NTRK fusions, BRAF V600E muta-
tions, and RET fusions — have 
been linked to treatments that 
are approved for use regardless 
of tumor histologic type or site of 
origin.

Next-generation sequencing 
(NGS) tests, which reveal the mu-
tational status of hundreds of 
genes in a single test run, are 
particularly useful to identify vari-
ous genomic alterations in tumors 
that have the same histologic di-
agnosis. For example, alterations 
in as many as a dozen genes in 
non–small-cell lung cancer 
(NSCLC) tumors have been linked 
to FDA-approved treatments.1 NGS 
tests are widely available from 
commercial and hospital labora-
tories, and the FDA has cleared 
three such tests for tumor molec-
ular profiling. In 2018, the Cen-
ters for Medicare and Medicaid 
Services finalized a national cov-
erage determination for NGS tu-
mor profiling, concluding that 
testing is reasonable and neces-
sary for patients with advanced 
cancer when the test has been 
cleared as a companion diagnos-
tic and is performed in a labora-
tory certified under the Clinical 

Laboratory Improvement Amend-
ments standards.

Medical professional societies 
have played an important role in 
guiding the appropriate use of 
tumor genomic testing. Recently, 
the European Society for Medical 
Oncology published recommenda-
tions regarding the appropriate 
clinical use of NGS testing for 
patients with metastatic cancers, 
and the American Society of Clin-
ical Oncology (ASCO) recommend-
ed that multigene panel testing 
be performed in patients with 
advanced solid tumors whenever 
more than one genomic bio-
marker has been linked to an 
approved therapy. Patient organi-
zations have informed their con-
stituents about and advocated for 
evidence-based genomic testing, 
and information for patients is 
readily available from the National 
Cancer Institute (NCI), the Amer-
ican Cancer Society, ASCO, and 
many disease-focused groups.

Evidence from physician sur-
veys and analyses of claims and 
electronic health record (EHR) 
data, however, indicate underuti-
lization of tumor genomic testing. 
For example, a recent analysis of 
data from nearly 38,000 patients 
with stage IV NSCLC diagnosed 
between 2010 and 2018 revealed 
that only 22% had molecular test 
results in their medical record 
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and only 3% were treated with 
targeted therapy — even though 
guidelines during this period rec-
ommended that all such patients 
undergo testing for EGFR, ALK, 
and ROS1 tumor alterations, at a 
minimum.2 These findings are in 
keeping with those of other stud-
ies conducted in the United States 
and internationally that document-
ed molecular-testing rates for 
NSCLC as low as 20%, depend-
ing on the geographic region, 
practice setting, period in which 
the study was conducted, and pre-
vailing recommendations for mo-
lecular testing at the time.

A 2017 survey conducted by the 
NCI identified various provider- 
and organization-level factors that 
may contribute to undertesting. 
Oncologists cited difficulty in ob-
taining sufficient tissue for test-
ing, insufficient time to order or 
review tests, and (less often) lack 
of expert personnel to assist in 
test interpretation as reasons for 
not ordering NGS tests.3 These 
factors were most often cited by 
oncologists practicing in rural 
communities or in solo practices. 
When tests were ordered, they 
were most frequently used to se-
lect an FDA-approved therapy or 
determine eligibility for clinical 
trials. Analyses of the survey also 
found that oncologists with train-
ing in genomics or access to a 
molecular tumor board were more 
likely than other oncologists to 
use NGS tests.

What explains the apparent gap 
between the availability of tumor 
genomic tests and their utilization? 
Many factors have been identi-
fied that, taken together, suggest 
poorly coordinated efforts to im-
plement precision oncology care. 
Necessary elements of the cancer 
precision-medicine workflow in-
clude comprehensive genomic 
analysis of tumors, interpretation 

of genomic test results by expert 
personnel, shared decision mak-
ing with patients about the likeli-
hood that test results will identify 
effective treatments, and employ-
ment of administrative services 
to help patients obtain access to 
therapies that are identified as 
potential treatment options (see 
table). Each of these processes 
involves multiple components that 
must be completed efficiently for 
care to be delivered within an 
acceptable time frame. Such com-
ponents can include identifying 
or procuring tumor specimens 
suitable for genomic analysis and 
navigating the uncertainties sur-
rounding clinical-trial eligibility 
or reimbursement for off-label 
treatments — issues that may be 
particularly challenging for pa-
tients who lack the resources to 
travel to clinical-trial sites or have 
no insurance or inadequate in-
surance to cover treatment costs.

Evidence from community prac-
tices suggests that implementing 
practice-wide workflows that auto-
matically trigger NGS testing for 
patients with advanced solid tu-
mors, make use of molecular tu-
mor boards to interpret results, 
and provide administrative assis-
tance for clinical-trial matching 
and obtaining prior authorization 
are key to successful implemen-
tation of precision-medicine pro-
grams.4,5 Building tools into EHRs 
that assess a practice’s perfor-
mance against established guide-
lines for tumor genomic testing is 
also essential to identify practice-
level gaps in care. Capturing pa-
tient outcomes in EHRs using 
structured, common data elements 
will be important to enable shar-
ing of real-world data that could 
advance knowledge on how best 
to use precision cancer medicines.

Prospective randomized trials, 
meta-analyses of single-group 

studies, and real-world registry 
data support the use of compre-
hensive tumor genomic testing 
to identify FDA-approved, guide-
line-recommended therapies for 
cancer patients. Critics of tumor 
genomic testing rightly contend 
that more evidence is needed to 
support its use outside clinical 
trials for identifying potential off-
label treatments for patients who 
have exhausted standard thera-
pies, since few such patients cur-
rently obtain meaningful clinical 
benefits from these treatments, 
and they are at risk for treat-
ment-related and financial harm. 
Tumor genomic testing is appro-
priate to identify clinical-trial op-
tions for patients with advanced 
cancer, however. Studies such as 
the NCI’s Molecular Analysis for 
Therapy Choice trial and ASCO’s 
Targeted Agent and Profiling Uti-
lization Registry (TAPUR) trial 
show that efficacious treatments 
can be identified using genomic 
profiling, even among patients 
with very advanced disease. In the 
TAPUR trial, for which one of us 
is the principal investigator, about 
two thirds of screened patients 
have been assigned to a treatment 
matched to a genomic alteration 
in their tumor, with mutations in 
BRCA1 or BRCA2, CDKN2A, and 
ERBB2 or ERBB3 each being de-
tected in 10 to 15% of patients 
with advanced solid tumors. 
Among 24 study cohorts (defined 
according to tumor type, genomic 
alteration, and study treatment) 
with available data, there has been 
a positive signal of drug activity 
in 16, with disease-control rates 
between 35% and 70%. Over 
time, new molecular tests that 
can provide information about 
the tumor epigenome, the tran-
scriptome, the circulating pro-
teome, and the gut microbiome 
could complement tumor genomic 
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testing and further refine therapy 
selection for patients.

Ensuring equitable and efficient 
deployment of precision medicine 
is a global challenge that requires 
patient access to validated mo-
lecular tests, a consistent regula-
tory and reimbursement environ-
ment offering incentives for test 
development, and concerted efforts 
by practice and health system lead-
ers to develop the multidisciplinary 
workforce and information infra-
structure necessary to create a pre-
cision cancer care delivery system. 
Putting these pieces in place would 

not only close the genomic testing 
gap in cancer care but could trans-
form outcomes for many patients 
with cancer.

Disclosure forms provided by the authors 
are available at NEJM.org.

From the University of Chicago, Chicago 
(R.L.S.). 

This article was published on December 3, 
2022, at NEJM.org.

1. El-Deiry WS, Goldberg RM, Lenz H-J,  
et al. The current state of molecular testing in 
the treatment of patients with solid tumors, 
2019. CA Cancer J Clin 2019; 69: 305-43.
2. Behera M, Joseph G, Rupji M, et al. Mo-
lecular testing and patterns of treatment in 
patients with NSCLC: an IASLC analysis of 
ASCO CancerLinQ Discovery Data. In:  Pro-

ceedings and Abstracts of the 2022 Ameri-
can Society of Clinical Oncology Annual 
Meeting, June 3–7, 2022. Chicago:  American 
Society of Clinical Oncology, 2022. abstract.
3. Roberts MC, Spees LP, Freedman AN,  
et al. Oncologist-reported reasons for not 
ordering multimarker tumor panels: results 
from a nationally representative survey. JCO 
Precis Oncol 2021; 5: PO.20.00431.
4. Levit LA, Kim ES, McAneny BL, et al. 
Implementing precision medicine in com-
munity-based oncology programs: three 
models. J Oncol Pract 2019; 15: 325-9.
5. Farhangfar CJ, Scarola GT, Morris VA, 
et al. Impact of a clinical genomics program 
on trial accrual for targeted treatments: 
practical approach overcoming barriers to 
accrual for underserved patients. JCO Clin 
Cancer Inform 2022; 6: e2200011.

DOI: 10.1056/NEJMp2210638
Copyright © 2022 Massachusetts Medical Society.
Closing the Gap in Cancer Genomic Testing

For-Profit Medical Schools — Quality and Oversight

For-Profit Medical Schools — Quality and Oversight

Deciding on My Dimples

Deciding on My Dimples
Liz Salmi, A.S.  

“OK, boss, it’s time for us 
to make a few decisions,” 

my neurosurgeon, Shawn Hervey-
Jumper, announced. He was re-
moving a malignant tumor from 
my brain, and we were nearing 
the end of the procedure. It wasn’t 
my first craniotomy — it was my 
fourth — but this time the stakes 
were much higher. As someone 
who has been living with a grade 2 
astrocytoma for 15 years, I’ve long 
since accepted reality. Though 
initially indolent, these tumors 
commonly progress to a more 
aggressive grade.

As the director of the Glial 
Tumor Neuroscience Program at 
the University of California, San 
Francisco, Shawn specializes in 
removing tumors from within 
functional regions of the brain 
using brain-mapping techniques. 
He has dedicated his life to under-
standing how the brain maintains 
and recovers language, sensory, 
motor, and cognitive abilities. 
For my part, I’m not only a pa-
tient, but also a patient advocate 
and scholar, part of a burgeon-
ing movement in which patients 
are becoming patient-investigators. 
Open, transparent communication 

between clinicians and patients is 
a key focus of my work, and this 
moment captured something es-
sential about my nontraditional 
journey toward academic medicine.

“I’ve removed as much tumor 
as I can see,” Shawn explained. 
“Based on what you’re telling me, 
Liz, we’re in your face. If I go any 
farther in this area, I’m putting 
you at an increased risk of sen-
sory and motor loss due to the tu-
mor’s proximity to the motor cor-
tex. How do you want to proceed?”

Shawn and I had discussed con-
tingencies in advance. We knew 
there would be sensory loss, al-
though we didn’t know exactly 
where. We’d explored the real 
possibility that I would eventually 
develop weaknesses, ranging in 
severity from foot drop to com-
plete inability to move my right 
leg. Shared decision making can 
be uncomfortable for all involved. 
More than talking about my over-
all prognosis, discussing mobility 
deficits made me cry . . . and 
made him go silent.

As much as Shawn and I had 
prepared for such possibilities, 
and though I have learned more 
about my own neuroanatomy with 

each passing surgery, the immi-
nent prospect of sensory, and es-
pecially motor, loss in my face 
came as a shock. Time stopped as 
I gamed out the possible ramifi-
cations: Will I be unhappy with my 
appearance? Would these dimples I inher-
ited from my father never be seen again?

Throughout my life, people 
have complimented me on my 
dimples — a defining feature. 
My husband jokes that I have a 
“resting smiley face,” and by giv-
ing the impression that I’m always 
smiling, my dimples may have 
indirectly shaped my persona. I’ve 
learned that a kind and smiling 
face is welcome in nearly any set-
ting. Moreover, my dimples have 
additional meaning for me: I’m 
pretty sure my father’s genes can 
take credit for them. But might 
he have given me a brain tumor 
gene as well? Most neuro-oncolo-
gists will tell you that no familial 
links exist in glioma, yet 7 years 
ago my father had a seizure and 
then a scan: “Bifrontal tumor 
mass suggestive of glioblastoma.” 
I still have a photo I took of our 
MRIs side by side. Our scans are 
our last father–daughter portrait.

If my tumor becomes more aggres-
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