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■■ Learning Objectives

Knowledge and skills acquired upon completion of this volume:

1. Understand the new concepts in the biology of Bladder Cancer.

2. Get familiar with new genetic alterations relevant to clinical practice 

in Bladder Cancer.

3. Usefulness of new molecular biomarkers in Bladder Cancer.

4. Learn about the biological relevance of tumor-infiltrating 

lymphocytes.
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■■ Charles G. Drake; Trinity J. Bivalacqua, and Noah M. Hahn

Programmed Cell Death Ligand-1 
Blockade in Urothelial Bladder Cancer: 
To Select or Not to Select
(J Clin Oncol 2016;34(26):3115–3116.)

The recent accelerated approval of 
the anti–programmed cell death 
ligand-1 (PD-L1) monoclonal anti-

body atezolizumab for metastatic urothelial 
bladder cancer (UBC) progressing during or 
after platinum-based chemotherapy1 signi-
fied a milestone in this disease, for which 
no new treatments had been approved 
since 1990.2 Approval was based on a 
single-armed, multinational study (IMvigor 
210) in which 315 patients with UBC who 
had archived or fresh tissue available for 
PD-L1 staining were treated; the data 
showed an overall response rate (ORR) of 
15% with significant durability, and it is 
noteworthy that the current approval does 
not require biomarker analysis before treat-
ment. In the article that accompanies this 
editorial, Massard et al3 present data from 
a phase I/II trial of a second anti–PD-L1 
monoclonal antibody (durvalumab); these 
data show that durvalumab also has sig-
nificant activity in UBC, with an ORR of 
31% in a population that was enriched for 
PD-L1–positive patients. Although the dur-
valumab trial included fewer patients (61) 
versus those in the phase II atezolizumab 
study (315), both studies included analyses 
of response on the basis of PD-L1 expres-
sion on either tumor cells (TCs) or immune 
cells (ICs), providing a unique opportunity 
to examine data regarding the potential 
predictive value of this biomarker.

It is important to recognize at the onset 
that the two studies used different anti-
bodies for staining; IMvigor used the rab-
bit monoclonal antibody SP142 (Spring 

Biosciences, Pleasanton, CA), whereas the 
durvalumab study used the SP263 antibody 
(Ventana Medical Systems, Tucson, AZ). 
This is noteworthy because recent data 
show that different anti–PD-L1 antibodies 
may give different results, with a discord-
ance of approximately 25% between the 
SP142 and the E1L3N antibodies.4 To date, 
cross-comparison of the SP142 and SP263 
antibodies has not been performed. Stud-
ies of atezolizumab have generally found 
a better correlation between response and 
staining on ICs, and the IMvigor analysis 
focused on IC staining. Within the IMvigor 
study, the ORR was 26% in patients 
positive for PD-L1 in immune cells (IC2/3), 
versus approximately 10% in the IC0/1 
patients. An ORR of 10% is in the range 
observed for chemotherapy regimens in 
this patient population,2 so, on the basis of 
its good tolerability profile, atezolizumab is 
likely to be administered to patients with 
both PD-L1–positive and PD-L1–negative 
bladder cancer in its on-label second-line 
setting.

Similarly, durvalumab responses in UBC 
correlated with PD-L1 expression on either 
tumor cells or immune cells. Considering 
TC only, the ORR was 47% for positive ver-
sus 22% for negative staining. IC staining 
also correlated with ORR, with responses of 
57% versus 13%, respectively. The authors 
of the durvalumab study also explored a 
novel approach to the PD-L1 biomarker—
integrating TC and IC expression to define 
composite positive and negative categories. 
In this new definition, PD-L1 positive was 

Key points

• It is important to 
recognize at the onset 
that the two studies used 
different antibodies for 
staining.

• This is noteworthy 
because recent data 
show that different 
anti–PD-L1 antibodies 
may give different results, 
with a discordance of 
approximately 25% 
between the SP142 and 
the E1L3N antibodies.

• To date, cross-comparison 
of the SP142 and SP263 
antibodies has not been 
performed. 

• Studies of atezolizumab 
have generally found a 
better correlation between 
response and staining 
on ICs, and the IMvigor 
analysis focused on IC 
staining.

• Durvalumab responses 
in UBC correlated with 
PD-L1 expression on either 
tumor cells or immune 
cells. Considering TC only, 
the ORR was 47% for 
positive versus 22% for 
negative staining. 

• IC staining also correlated 
with ORR, with responses 
of 57% versus 13%, 
respectively.
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designated as ≥ 25% staining in either ICs 
or TCs, whereas PD-L1 negative specimens 
were negative (≤ 25%) in both the IC and 
TC compartments. Using this new compos-
ite definition led to a potential improve-
ment in negative predictive value; patients 
whose samples were negative for PD-L1 
in both compartments had an ORR of 0% 
(0 of 14), and patients positive for PD-L1 in 
either compartment had an ORR of 46%.

To contextualize these data, it is impor-
tant to note that the durvalumab trial was 
enriched for PD-L1–positive patients; the 
first 20 patients were enrolled regardless 
of PD-L1 status, and the next 41 patients 
were required to have ≥ 5% staining on 
either TCs or ICs. The small number of 
patients involved adds further caution to 
interpreting these results. Indeed, the first 
data correlating PD-L1 status to response, 
obtained in a phase Ib study of the anti–
programmed death-1 (PD-1) antibody 
nivolumab,5 also showed a dramatic con-
cordance between the absence of PD-L1 
expression on TCs and response, with 0 
of 17 PD-L1–negative patients experienc-
ing an objective response. Subsequent 
larger trials showed this apparently striking 
negative predictive value to be premature; 
for example, in the pivotal first-line trial 
of nivolumab in melanoma, the ORR in 
PD-L1–negative or indeterminate patients 
was 33%, versus 53% in PD-L1 positive. 
Similar results were obtained in second-line 
nonsquamous non–small-cell lung cancer, 
with ORRs 14% in PD-L1–negative patients 
versus 34% in PD-L1–positive patients 
(using a cutoff of > 5% TC staining). Taken 
together, these data suggest that the low 
response rate seen in the PD-L1–negative 
patients in the accompanying durvalumab 
bladder study is broadly consistent with 
prior results but is unlikely to be quite so 
clear cut in larger trials.

On the other hand, given that antibod-
ies to PD-1 or PD-L1 are postulated to 
function by blocking the inhibitory signal 
transmitted from TCs or ICs to the CD8 T 
cells that infiltrate a tumor, it might seem 

somewhat puzzling that PD-L1 expression 
is not more powerful in terms of predic-
tive value. One possible explanation is that 
the PD-1/PD-L1 interaction also occurs in 
the tumor-draining lymph nodes, which 
are rarely included in PD-L1 expression 
analyses. A second compelling explana-
tion is intratumoral heterogeneity; tumors 
generally do not express PD-L1 uniformly 
throughout their mass. Thus, the incom-
plete sampling involved in obtaining 
needle biopsies on the basis of the angle 
and placement of a biopsy needle could 
yield positive, intermediate, or negative 
results from a single tumor sample.4 Other 
explanations include discordance between 
different tumor deposits within a patient 
(intertumoral heterogeneity), as well as 
discordance between the primary tumor 
and metastases, as has been reported for 
renal cell carcinoma6 and is likely present in 
other tumors as well. Finally, PD-L1 expres-
sion is controlled to a large degree by the 
cytokine milieu, meaning that levels can 
increase and decrease because of dynamic 
changes in the tumor microenvironment 
over time. Taken together, these observa-
tions make it clear that PD-L1 staining is 
unlikely to ever achieve perfect positive or 
negative predictive status and that other 
measures may add predictive value. In that 
regard, IMvigor 210 also explored tumor 
cell subtype, showing that responses were 
enriched in The Cancer Genome Atlas 
luminal type II subtype tumors. In addition, 
response rate in that study also correlated 
with mutational load.1 It will be interesting 
to see if further studies of durvalumab con-
firm those observations.

In terms of activity, the overall response 
rate from the durvalumab trial was 31%, 
and although impressive, those data should 
also be evaluated in context. As above, 
patients in this trial were enriched for 
PD-L1 expression; this enrichment would be 
expected to enhance the apparent response 
rate. Second, as agents are developed from 
phase I to phase II, response rates often 
decrease. This phenomenon occurred for 
atezolizumab in UBC; phase I data showed 

Key points

• To contextualize these 
data, it is important to 
note that the durvalumab 
trial was enriched for 
PD-L1–positive patients; 
the first 20 patients were 
enrolled regardless of 
PD-L1 status, and the next 
41 patients were required 
to have ≥ 5% staining on 
either TCs or ICs. 

• The small number of 
patients involved adds 
further caution to 
interpreting these results. 
Indeed, the first data 
correlating PD-L1 status 
to response, obtained 
in a phase Ib study of 
the anti–programmed 
death-1 (PD-1) antibody 
nivolumab.

• Data suggest that the low 
response rate seen in the 
PD-L1–negative patients 
in the accompanying 
durvalumab bladder study 
is broadly consistent with 
prior results but is unlikely 
to be quite so clear cut in 
larger trials.

• Antibodies to PD-1 or 
PD-L1 are postulated 
to function by blocking 
the inhibitory signal 
transmitted from TCs or 
ICs to the CD8 T cells that 
infiltrate a tumor, it might 
seem somewhat puzzling 
that PD-L1 expression 
is not more powerful in 
terms of predictive value.

• One possible explanation 
is that the PD-1/PD-L1 
interaction also occurs 
in the tumor-draining 
lymph nodes, which are 
rarely included in PD-L1 
expression analyses.

• A second compelling 
explanation is intratumoral 
heterogeneity; tumors 
generally do not 
express PD-L1 uniformly 
throughout their mass.

ASCO Bladder-2019-V1.indb   6 3/11/2019   2:34:48 PM



Programmed Cell Death Ligand-1 Blockade in Urothelial Bladder Cancer: To Select or Not to Select

7

an ORR of 26% (17 of 65), with an ORR of 
43% in PD-L1–positive patients (13 of 30).7 
In the larger phase II experience, the all-
comers’ ORR was 15%, and it was 26% 
in the PD-L1–positive group. So, it seems 
likely that larger studies of durvalumab in 
UBC might similarly show some decrease 
in response rates. Despite these caveats, 
the clinical activity of durvalumab in UBC 
is significant, and this agent is being fur-
ther evaluated in the ongoing DANUBE 
trial, in which 525 patients with metastatic 
UBC will be randomly assigned to either 
durvalumab, standard platinum-based 
chemotherapy, or the combination of dur-
valumab plus the anti–CTLA-4 antibody 
tremelimumab (NCT02516241). This is a 
first-line trial, with an expected completion 
in September 2019.

In summary, UBC, which was previously 
somewhat neglected in terms of new 
drug approvals, is emerging as an excit-
ing target for immunotherapy agents. 
In addition to the trials discussed here, a 
number of single-agent and combination 
immunotherapy approaches are under 

development.8 At least two strategies are 
under consideration. In one, combination 
regimens applicable to large patient pools, 
regardless of biomarker status, are being 
investigated. This im-personalized approach 
has been somewhat successful in mela-
noma, where the combination of anti–PD-1 
(nivolumab) and anti–CTLA-4 (ipilimumab) 
has impressive activity and is equally active 
in PD-L1–positive and PD-L1–negative 
patients. Similar potent combinations could 
prove effective across the recognized blad-
der cancer subtypes. More likely, though, 
the nature of an individual patient’s tumor 
status will need to be taken into consid-
eration, although the precise nature of 
which tumor characteristics (PD-L1 status, 
mutational load, The Cancer Genome Atlas 
subtype) are most important is not yet 
clear. Although responses to anti–PD-L1 are 
generally more prevalent in PD-L1–positive 
patients, meaningful responses, including 
complete responses, have been observed 
in PD-L1–negative patients in a variety of 
tumor types, including UBC, suggesting 
that a great deal of work lies ahead for 
the field.
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Key points

• In summary, UBC, which 
was previously somewhat 
neglected in terms of 
new drug approvals, is 
emerging as an exciting 
target for immunotherapy 
agents.

• In addition to the 
trials discussed here, 
a number of single-
agent and combination 
immunotherapy 
approaches are under 
development.

• At least two strategies 
are under consideration. 
In one, combination 
regimens applicable 
to large patient pools, 
regardless of biomarker 
status, are being 
investigated.
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■■ Bruce E. Johnson

2018 ASCO Presidential Address: 
“Delivering Discoveries: Expanding 
the Reach of Precision Medicine”
(J Clin Oncol 2018;36(29):2899–2903.)

Today, as I present on the theme of 
my presidential year, “Delivering 
Discoveries; Expanding the Reach 

of Precision Medicine,” I do it from the 
perspectives of a clinician—an academic 
physician—and perhaps with a perspective 
that gives me insight into our profession, as 
a cancer survivor.

There is no question that we are wit-
nessing a transformation of cancer care 
brought about by precision medicine. All 
of us in this room are fortunate to be in 
this field and to be a part of this time of 
dramatic innovation in cancer research and 
treatment.

But if we are going to expand the reach of 
precision medicine, there is still a lot for us 
to do. Today, I will talk about insight from 
the past, how these insights inform the 
opportunities before us, and how all of us 
can continue to advance this field. But first, 
it’s important to note that precision medi-
cine is about improving our patients’ lives 
so that they cannot only live longer, but can 
live much better. My own experience work-
ing in lung cancer for 35 years has allowed 
me to both participate in the research and 
to personally apply the principles of preci-
sion medicine for my patients. You will hear 
from two of them later in my talk.

Today, I’d like to talk about how this revolu-
tion in precision medicine has occurred and 
lessons learned from the past. While the 
success of precision medicine may seem 
like an overnight success, it has actually 

been a thoughtful, strategic approach 
based on decades of hard, disciplined work 
by dedicated scientists around the world. 

The success in lung cancer has resulted in:
• identifying lung cancer’s first oncogene 

that can be effectively treated with tar-
geted agents;

• identifying more oncogenes, leading to 
even more treatment options with effec-
tive targeted therapies;

• and the coming of age of 
immunotherapy – which is playing a 
pivotal role in the treatment of many 
patients with lung cancer.

The cumulative effect of these efforts 
has been transformative, and the effect 
has been observed clinically in less than a 
decade and a half.

Today nearly half of all patients present-
ing with lung cancer can now be initially 
treated with targeted agents or immuno-
therapy rather than chemotherapy—half of 
all patients with advanced lung cancer—
about 100,000 a year. And there’s more 
to come.

Precision medicine is impacting the lives 
of people living with cancer, including 
myself, not only in terms of survival, but 
also in terms of us being able to experi-
ence important and memorable events 
in our lives. This revolution in cancer 
therapy is especially impressive when one 
considers the state of thoracic oncology 
a short 16 to 18 years ago. At that time, 

Key points

• There is no question 
that we are witnessing a 
transformation of cancer 
care brought about by 
precision medicine. All 
of us in this room are 
fortunate to be in this 
field and to be a part 
of this time of dramatic 
innovation in cancer 
research and treatment.

• Today, I will talk about 
insight from the past, 
how these insights inform 
the opportunities before 
us, and how all of us can 
continue to advance this 
field.

• My own experience 
working in lung cancer for 
35 years has allowed me 
to both participate in the 
research and to personally 
apply the principles of 
precision medicine for my 
patients. You will hear 
from two of them later in 
my talk.

• The cumulative effect of 
these efforts has been 
transformative, and the 
effect has been observed 
clinically in less than a 
decade and a half.
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investigators from a cooperative group here 
in the United States carried out a study for 
patients with advanced non–small-cell lung 
cancer (NSCLC). They compared four differ-
ent chemotherapy regimens considered at 
that time to be promising. The study was 
considered so important at that time, it was 
presented at the plenary session at ASCO in 
2000 and published 2 years later in the The 
New England Journal of Medicine.

I share this example for several reasons. 
For one, it shows that the patient charac-
teristics that are now considered critical to 
managing patients were not even reported 
in the publication. For example, the article 
did not list the histology: adenocarcinoma, 
squamous cell, or large cell carcinoma. 
Everything was lumped into a single cat-
egory of NSCLC. Also, there was no infor-
mation on cigarette smoking in the table 
of patient characteristics. Why? Because in 
2002, that was not considered important 
in assessing patients and formulating their 
treatment plans.

In contrast, today, whether a patient 
smokes is now one of the most important 
pieces of information in his or her patient 
history. This is because patients who do 
not smoke are more likely to have genomic 
changes that can be targeted by existing 
treatments, and patients who do smoke are 
more likely to respond to immunotherapy. 
Just to show you how far we have come, a 
study showing no difference in outcomes 
with median survivals of just 8 months 
was considered important enough to be 
presented at our plenary session at ASCO 
in 2000 and to be published in the The 
New England Journal of Medicine in 2002. 
Thankfully, things have changed.

Today I’m going to briefly touch upon how 
we got here – and where we still need to 
go. In my area of research—lung cancer— 
precision medicine is indeed transforming 
the treatment of this disease, and has 
important implications for other cancers 
and for the future of our patients with 
cancer. Today’s achievement of being able 
to systematically identify genomic changes 

that can be successfully targeted goes 
back nearly 15 years, and it underscores 
the importance of well-annotated preclini-
cal models that have played a part in this 
exciting journey. It is also one of the early 
examples of team science that began to 
transform the treatment of lung cancer a 
decade and a half ago.

Two of the leaders in this area are pictured 
here—John Minna and Adi Gazdar—who 
were colleagues and mentors of mine at 
the National Cancer Institute. They led the 
effort to generate the tumor cell lines from 
patients with lung cancer treated on our 
clinical trials.

My own contribution was to help annotate 
the clinical histories of the patients who 
participated in the trials whose tumors gave 
rise to permanent cell lines. Generation of 
these annotated cell lines allowed us to 
hone in on those tumor cell lines likely to 
be sensitive to the targeted agents.

The critical clinical observations made by 
2004 were that never-smoking women 
with adenocarcinoma and patients with 
lung cancer from East Asia were more 
likely to respond to the targeted agents 
against the epidermal growth factor recep-
tor tyrosine kinase inhibitors (EGFR-TKIs) 
gefitinib and erlotinib.

This table, taken from one of our publica-
tions, depicts the patients’ age, histology, 
stage, treatment status, and their sur-
vival from the start of protocol therapy. 
Although not shown in this table, their 
smoking status and sex were collected as 
well. I have highlighted NCI-H3255 in teal, 
a cell line from a woman with adenocarci-
noma who didn’t smoke, and I’ll talk about 
the properties of the cell line later.

By linking the clinical characteristics with 
the people who respond to gefitinib and 
erlotinib and the characteristics of the cell 
line model, we were able to observe similar 
biologic behavior both in patients and in 
the preclinical model. By studying these 
annotated tumor cell lines, we were able to 

Key pointsKey points

• The study was considered 
so important at that time, 
it was presented at the 
plenary session at ASCO 
in 2000 and published 
2 years later in the The 
New England Journal of 
Medicine. 

• I share this example for 
several reasons. For one, 
it shows that the patient 
characteristics that are 
now considered critical to 
managing patients were 
not even reported in the 
publication.

• The article did not 
list the histology: 
adenocarcinoma, 
squamous cell, or large 
cell carcinoma. Everything 
was lumped into a single 
category of NSCLC.

• Today’s achievement 
of being able to 
systematically identify 
genomic changes that can 
be successfully targeted 
goes back nearly 15 years, 
and it underscores the 
importance of well-
annotated preclinical 
models that have played 
a part in this exciting 
journey. 

• It is also one of the early 
examples of team science 
that began to transform 
the treatment of lung 
cancer a decade and a 
half ago.

• My own contribution 
was to help annotate the 
clinical histories of the 
patients who participated 
in the trials whose tumors 
gave rise to permanent 
cell lines.

• Generation of these 
annotated cell lines 
allowed us to hone in 
on those tumor cell lines 
likely to be sensitive to the 
targeted agents.
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show that the preclinical models were more 
sensitive to this class of drugs—gefitinib in 
this case.

The clinical observations just mentioned 
prompted me to retrieve the preclinical 
model NCI-H3255. The model was estab-
lished from a woman with adenocarcinoma 
who had never smoked—information 
known from the earlier mentioned 
annotation—so we believed the cell line 
was more likely to be sensitive to the 
EGFR-TKI gefitinb. The growth of the cell 
line highlighted in the previous slide, NCI-
H3255, is shifted to your left, meaning the 
cell line is 100-fold more sensitive to gefi-
tinib than the other cell lines. My colleague, 
Dr Janne discovered a DNA mutation in 
EGFR, now referred to as L858R.

Other colleagues pictured here, 
Drs Meyerson and Sellers sequenced the 
same domains in EGFR as that studied in 
the cell line in more than 100 lung cancers. 
They discovered the same EGFR mutation 
detected in NCI-H3255 in three different 
adenocarcinomas of the lung in patients 
from Japan, a country where clinical 
observations showed patients were three 
times more likely to respond to gefitinib 
or erlotinb than patients from the United 
States.

The findings from studying the preclinical 
models prompted us to study the patients 
with exceptional responses to gefitinib. 
Lung cancers were identified from five 
patients treated at the Dana-Farber Cancer 
Institute/Brigham and Women’s Hospital 
who had dramatic responses to treatment 
with either gefitinib or erlotinib. One of 
our first exceptional responders was this 
patient whose tumor responded for more 
than 2 years while being treated with 
gefitinib. The CT scans of the patient are 
shown here, with bilateral tumor infiltrates 
that resolved on gefitinib shown in the 
right panel.

All five of the tumors studied from the 
patients whose tumors responded to gefi-
tinib had mutations in the tyrosine kinase 

domain of EGFR, whereas the four patients 
who did not respond to the EGFR-TKI had 
a wild-type receptor. These observations 
ultimately contributed to a dramatic shift in 
the treatment of some patients with lung 
cancer.

Two other laboratory groups led by 
Drs Lynch and Haber at Massachusetts 
General Hospital plus Drs Pao and Varmus 
at Memorial Sloan-Kettering Cancer Center 
made observations in 2004 showing a 
total of 25 of 31 patients who responded 
to gefitinib or erlotinib had sensitizing 
mutations of EGFR while those without 
mutations did not respond. These findings 
have transformed lung cancer care, and 
these three manuscripts have now been 
referenced more than 24,000 times.

Fourteen years later, there are now four 
different EGFR-TKIs approved in the United 
States and around the world for patients 
with lung cancer with mutations of EGFR. 
Importantly, it is part of the initial treatment 
of approximately 15% of patients with 
NSCLC cancer here in the US, and their 
outcome is much better than those treated 
with chemotherapy.

Patients with these EGFR mutations are 
likely to live for 2.5 years from their diagno-
sis of metastatic lung cancer, whereas those 
without the mutation treated with chemo-
therapy survive for less than half the time, 
about 1 year. The testing for mutations in 
EGFR in patients with advanced nonsqua-
mous NSCLC now takes place around the 
world and is a part of routine care for more 
than 80,000 patients in the US.

The first genomic change that could be 
effectively targeted was the EFGR muta-
tion, which was discovered because:
• the L858R mutation is present in preclini-

cal cell line models that are sensitive to 
gefitinib;

• patients who responded to gefitinib had 
the same L858R mutation as the sensi-
tive cell line;

• those who did not respond did not have 
the mutation;

Key points

• The growth of the cell 
line highlighted in the 
previous slide, NCI-H3255, 
is shifted to your left, 
meaning the cell line is 
100-fold more sensitive 
to gefitinib than the other 
cell lines.

• Other colleagues pictured 
here, Drs Meyerson and 
Sellers sequenced the 
same domains in EGFR as 
that studied in the cell line 
in more than 100 lung 
cancers. 

• They discovered the same 
EGFR mutation detected 
in NCI-H3255 in three 
different adenocarcinomas 
of the lung in patients 
from Japan.

• The findings from 
studying the preclinical 
models prompted us to 
study the patients with 
exceptional responses to 
gefitinib. 

• Lung cancers were 
identified from five 
patients treated at the 
Dana-Farber Cancer 
Institute/Brigham and 
Women’s Hospital who 
had dramatic responses 
to treatment with either 
gefitinib or erlotinib.

• One of our first 
exceptional responders 
was this patient whose 
tumor responded for more 
than 2 years while being 
treated with gefitinib.

• The CT scans of the 
patient are shown here, 
with bilateral tumor 
infiltrates that resolved 
on gefitinib shown in the 
right panel.
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• in Asian patients with adenocarcinoma 
of the lung, where the clinical responses 
are more frequent, the L858R mutation 
was more frequent as well.

The successful targeting of the first onco-
genic driver in lung cancer prompted 
further studies around the world to find 
additional genomic changes that can be 
effectively targeted.

Professor Mano led the studies that iden-
tified the next oncogenic driver in lung 
cancer to be successfully targeted. Inves-
tigators in his laboratory discovered the 
transforming EML4-ALK fusion gene in 
five patients with NSCLC in 2007; the rear-
rangement is depicted here on the slide. 
ALK stands for anaplastic lymphoma kinase 
because it was initially discovered more 
than 20 years ago to be translocated in 
anaplastic lymphomas of childhood.

The presence of the translocation in both 
the anaplastic lymphomas and lung cancers 
provided compelling evidence that ALK 
likely played a critical role in the malignant 
transformation to lung cancer and lym-
phoma and also identified a potential tar-
get for therapy. The preclinical models were 
once again central for characterizing the 
potential therapeutic target, and the clinical 
characteristics of the patients from whom 
these cell lines were critical for identifying 
the appropriate models to study.

NCI-H3122 is depicted in teal and was 
established from a woman nonsmoker 
with adenocarcinoma similar to the patient 
population in which ALK rearrangements 
are found. The cell line tested positive for 
an ALK rearrangement which facilitated 
additional preclinical studies.

Dr Jänne pictured here, studied more 
than 300 tumors and tumor cell lines. 
NCI-H3122 was identified as being sensi-
tive to a drug directed against ALK that 
eventually became the US Food and Drug 
Administration (FDA)–approved drug, 
ceritinib. The preclinical xenograft model, 

NCI-H3122, shows tumor regressions with 
increasing doses of the agent directed 
against the rearranged ALK. Dr McDermott 
in Dr Settleman’s laboratory led similar 
studies with the same drug, as well as 
crizotinib in lung cancer cell lines with 
ALK rearrangements.

The preclinical studies showing dramatic 
antitumor activity against appropriate cell 
lines and xenograft models prompted the 
development of a crizotinib as an agent 
that has been shown to be effective for 
ALK-positive NSCLC and its eventual FDA 
approval for use in ALK-positive NSCLC 
in 2011.

A trial comparing the outcomes of ALK-
positive treated NSCLC patients who were 
given either crizotinib versus single agent 
chemotherapy was reported in 2013. 
This slide depicts the two-fold prolonged 
progression-free survival of the patients 
treated with crizotinib, median 7.7 months, 
versus those treated chemotherapy, 
3 months.

As oncologists we are continually exposed 
to response rates and progression-free and 
survival curves. However, the ultimate test 
should be whether the targeted agents 
make our patients feel better while liv-
ing longer. Among those patients with 
ALK-positive NSCLC who respond to the 
targeted agent, crizotinib—and now other 
ALK-directed agents—there are patients 
whose responses now go on for years and 
have a dramatic impact on their lives.

These are the images of one of my patients 
who participated in the clinical trial just men-
tioned. You can see her right-sided lesion on 
the left panel has resolved and she has been 
in remission for longer than 6 years.

We commonly think of our interventions in 
terms of responses, progression-free sur-
vival, or overall survival, but one must keep 
in mind that we are actually trying to make 
our patients live longer and better lives, 
one of the principles of precision medicine. 

Key points

• The successful targeting of 
the first oncogenic driver 
in lung cancer prompted 
further studies around the 
world to find additional 
genomic changes that can 
be effectively targeted. 

• Professor Mano led the 
studies that identified 
the next oncogenic driver 
in lung cancer to be 
successfully targeted.

• ALK stands for anaplastic 
lymphoma kinase because 
it was initially discovered 
more than 20 years ago 
to be translocated in 
anaplastic lymphomas of 
childhood.

• The presence of the 
translocation in both the 
anaplastic lymphomas 
and lung cancers provided 
compelling evidence that 
ALK likely played a critical 
role in the malignant 
transformation to lung 
cancer and lymphoma and 
also identified a potential 
target for therapy. 

• The preclinical models 
were once again central 
for characterizing the 
potential therapeutic 
target, and the clinical 
characteristics of the 
patients from whom these 
cell lines were critical for 
identifying the appropriate 
models to study.

• The preclinical studies 
showing dramatic 
antitumor activity 
against appropriate 
cell lines and xenograft 
models prompted 
the development of a 
crizotinib as an agent that 
has been shown to be 
effective for ALK-positive 
NSCLC.
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Loretta Benkert embodies this principle, 
and she is willing to share her experience 
and the milestones she has been able to 
share with her family as she survives her 
lung cancer and is a beneficiary of precision 
medicine.

Now instead of lumping all patients into 
one group of NSCLC as we did as late as 
2002, we now need to apply our principles 
of precision medicine and identify different 
genomic changes that prompt different 
therapies. I am pleased to say today that 
there are now four different oncogenic 
drivers for which there are FDA- and 
European Medicines Agency–approved 
targeted therapies. These include EGFR, 
which makes up 15% of patients, and ALK, 
which makes up another 5% of patients. 
Crizotinib for ROS1 was added in 2016, 
and dabrafenib plus trametinib for V600E 
BRAF mutations were approved in 2017, 
each making up another 1%. The result of 
this is that today about 22% of patients 
with lung cancer can now be treated with 
oral targeted agents as their initial therapy 
rather than combination chemotherapy. 
This is a dramatic transformation in the 
past 14 years when everyone used to be 
treated with chemotherapy.

However, there remain another 78% of 
patients who still need effective agents 
directed against their cancer. NTRK and 
RET rearrangements are among the newest 
genomic changes in lung cancer and other 
malignancies that will likely have effective 
agents. Trials presented at ASCO in 2017 
and now in 2018 will hopefully bring that 
total to 25% of patients with lung cancer. 
A robust infrastructure in academia, other 
settings involved in clinical trials, and ongo-
ing pharmaceutical research will continue 
to be needed to expand the proportion of 
patients treated with precision medicine.

But it is not just precision medicine that is 
revolutionizing cancer treatment. Immu-
notherapy has now come of age. While 
the clinical success of immuno-oncology 
has been realized in the last 5 to 10 years, 

it was the result of a determined effort to 
bring immunotherapeutic discoveries into 
meaningful treatments for patients with 
cancer for more than three decades. The 
basic science discoveries two and three 
decades ago are now having a dramatic 
impact on the lives of many of our patients 
with lung cancer. It is basic science discov-
eries in immunology that have transformed 
our field, performed by key investigators 
from around the world.

Professor Honjo from Japan, depicted 
here, identified a surface protein, the pro-
grammed cell death receptor now known 
as PD-1. PD-1 is a negative regulator of 
immune responses and now a target for 
the class of agents we call checkpoint 
inhibitors. Other work done in the early 
2000s by Drs Gordon Freeman and Arlene 
Sharpe, both from my institutions, plus 
Dr Lieping Chen, shown here, identified 
programmed cell death ligand 1 and 2 (also 
known as PD-L1 and PD-L2) which also 
caused negative regulation of the immune 
responses mediated through PD-1. Their 
pioneering work led to the generation of 
the class of therapeutic agents directed 
against PD-1 and PD-L1—called the 
checkpoint inhibitors—and are now being 
used throughout the world as anticancer 
agents.

Much of the pioneering work with check-
point inhibitors took place in melanoma 
patients, and those of us working in lung 
cancer have been informed by their ongo-
ing discoveries and their clinical applica-
tion. I am happy to say this class of agents, 
checkpoint inhibitors, is also active in 
patients with lung cancer. I show a spider 
plot of NSCLC patients’ responses to the 
checkpoint inhibitor, nivolumab, published 
6 years ago in 2012. The tumor burden is 
depicted over time in patients treated with 
the checkpoint inhibitor nivolumab. There 
were four of 25 patients with an objective 
response. These responses were durable for 
more than 6 months. Importantly, this ini-
tial report showed some of these responses 
appear to go beyond a year.

Key points

• We now need to apply 
our principles of precision 
medicine and identify 
different genomic changes 
that prompt different 
therapies. 

• I am pleased to say today 
that there are now four 
different oncogenic drivers 
for which there are FDA- 
and European Medicines 
Agency–approved 
targeted therapies.

• The result of this is that 
today about 22% of 
patients with lung cancer 
can now be treated with 
oral targeted agents 
as their initial therapy 
rather than combination 
chemotherapy. This is a 
dramatic transformation 
in the past 14 years 
when everyone used 
to be treated with 
chemotherapy.

• A robust infrastructure 
in academia, other 
settings involved in 
clinical trials, and ongoing 
pharmaceutical research 
will continue to be needed 
to expand the proportion 
of patients treated with 
precision medicine.

• The basic science 
discoveries two and three 
decades ago are now 
having a dramatic impact 
on the lives of many of 
our patients with lung 
cancer. 

• It is basic science 
discoveries in immunology 
that have transformed our 
field, performed by key 
investigators from around 
the world.

• Professor Honjo from 
Japan, depicted here, 
identified a surface 
protein, the programmed 
cell death receptor now 
known as PD-1.
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The 3-year follow-up of studies compar-
ing previously treated patients with NSCLC 
given the checkpoint inhibitor, nivolumab, 
versus docetaxel chemotherapy have now 
been reported. Their long-term follow-up is 
encouraging.

Patients with previously treated NSCLC 
are surviving beyond 3 years when treated 
with the checkpoint inhibitor nivolumab. 
As shown in this slide, the estimated 3-year 
survival rates are 17% in the patients with 
NSCLC, and the curve remains relatively 
flat out toward 5 years. One is gratified 
that one can speak of 3-year survival in 
advanced lung cancer, and we await fur-
ther follow-up.

I, for one, am becoming optimistic that a 
subset of our patients with lung cancer 
may actually be cured with checkpoint 
inhibitor therapy, a finding that is now 
transforming the treatment of lung can-
cers. It has been the holy grail of oncology 
to develop potentially curative treatments 
for advanced common solid tumors, and it 
may now be on our doorstep for at least 
some patients.

The results of the trial depicted on this 
slide have also had a dramatic influence 
on the initial treatment of our patients 
with advanced NSCLC. The findings have 
changed the initial therapy for yet another 
subset of patients with lung cancer by 
deploying a predictive marker for the effi-
cacy of a checkpoint inhibitor. Patients 
with untreated advanced NSCLC and 
PD-L1 expression on at least 50% of tumor 
cells make up about 25% of the screened 
patients. The patients were treated with 
either the checkpoint inhibitor pembroli-
zumab or platinum-based chemotherapy. 
The estimated rate of survival at 6 months 
showed a 40% improvement in survival, 
favoring pembrolizumab. This led to 
early closure of the trial, and I provided 
the quote in the accompanying editorial, 
“Immunotherapy with checkpoint inhibitors 
will displace chemotherapy in yet another 
subset of patients with lung cancer.”I(p1893) 

The results of the trial led to the FDA 
approval of pembrolizumab for first-line 
therapy of patients with PD-L1 expression 
of greater than 50%, about another 25% 
of the patients with NSCLC.

In addition to the 22% of our patients 
I mentioned before who can be treated 
with targeted therapies for four different 
oncogenic drivers, about another 25% of 
patients can now be initially be treated 
with a checkpoint inhibitor. The result is 
that now, in 2018, we are close to being 
able to treat half of our patients with 
NSCLC with targeted therapy or immuno-
therapy as their initial treatment. This is 
dramatic progress in just a decade and a 
half. As we enter the era of combination 
immunotherapy trials, the future becomes 
even more hopeful.

These are the radiographic images of one 
of my patients placed on one of the check-
point inhibitor combination trials. The chest 
CT scan in 2016 shows extensive involve-
ment of her mediastinal lymph nodes, tra-
cheal compression, and the left-sided chest 
mass. She started treatment in July of 2016 
and has a near-complete remission shown 
in the right panel. We commonly think of 
our interventions in terms of responses as 
shown in this slide, but as I said before, we 
must keep in mind that we are actually try-
ing to make our patients live better as well 
as longer. But instead of me talking about 
how Elaine is doing that, I’d like Elaine to 
tell you in her own words. As Elaine has 
put it much better than me, the delivery 
of immunotherapy to our patients with 
advanced cancer can transform their lives, 
not only in terms of living longer, but also 
living better.

As I said at the beginning of my presenta-
tion, I come to you today not only as an 
oncologist and cancer researcher, but as 
a person experiencing cancer. My own 
encounter with prostate cancer has allowed 
me to see cancer in a very different way 
than we commonly see it professionally. 
Knowing how to decide about screening as 

Key points

• Patients with previously 
treated NSCLC are 
surviving beyond 3 years 
when treated with the 
checkpoint inhibitor 
nivolumab.

• It has been the holy grail 
of oncology to develop 
potentially curative 
treatments for advanced 
common solid tumors, 
and it may now be on our 
doorstep for at least some 
patients.

• The results of the trial 
depicted on this slide 
have also had a dramatic 
influence on the initial 
treatment of our patients 
with advanced NSCLC. 

• The findings have 
changed the initial therapy 
for yet another subset of 
patients with lung cancer 
by deploying a predictive 
marker for the efficacy of 
a checkpoint inhibitor. 

• Patients with untreated 
advanced NSCLC and 
PD-L1 expression on at 
least 50% of tumor cells 
make up about 25% of 
the screened patients.

• The results of the trial led 
to the FDA approval of 
pembrolizumab for first-
line therapy of patients 
with PD-L1 expression 
of greater than 50%, 
about another 25% of the 
patients with NSCLC.

• We commonly think of 
our interventions in terms 
of responses as shown 
in this slide, but as I said 
before, we must keep in 
mind that we are actually 
trying to make our 
patients live better as well 
as longer.
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the son of a prostate-cancer patient, and 
then going through the long wait of evalu-
ation and treatment as a patient myself, 
has been an eye-opening experience. I now 
share some of the experiences that my 
patients routinely experience.

My personal exposure to dealing with 
prostate cancer came when my dad was 
diagnosed in 2006, which prompted delib-
erations about undergoing PSA screening 
myself. This is a picture of my Dad when 
he was 83 years old at his birthday party, 
7 years after he was treated for prostate 
cancer with hormonal therapy and localized 
irradiation. He remains cancer-free in 2018.

I was 53 years old when I found out my 
Dad had prostate cancer in 2006. I, like 
many men in their 50s and 60s, was faced 
with what to do about prostate cancer 
screening and knew my dad had prostate 
cancer. The guidance from the US Preven-
tive Services Task Force was not clear dur-
ing that time, and I share the information 
as it evolved in the 2000s.

In 2008, the US Preventive Services Task 
Force concluded that the current evidence 
was insufficient to assess the balance of 
benefits and harms of prostate cancer 
screening—or an I Recommendation. 
In 2012—the year I ended up being 
diagnosed—the Task Force recommended 
against PSA-based screening for prostate 
cancer—or a D Recommendation.

Now in 2018, the Task Force just recom-
mended that, for men aged 55 to 69 years, 
the decision to undergo periodic PSA-based 
screening for prostate cancer should be an 
individual one. Before deciding whether to 
be screened, men should have an oppor-
tunity to discuss the potential benefits and 
harms of screening with their clinician—or 
a C recommendation.

So, this advice has been bouncing around 
and did not give clear guidance to some-
one needing to make a decision, even 
someone firmly embedded in the field 

of cancer. Despite the uncertainty hover-
ing around the prostate cancer screening, 
given that my dad had prostate cancer, 
my internist and I decided to have the PSA 
checked starting in my 50s. As you can 
see, on November 2, 2010, when I was 57, 
my PSA was 2.7, below the upper limit of 
normal, 4.0. Then I went through what a 
lot of our patients go through. I signed on 
to my medical record on March 15, 2012, 
when I was 59, and saw it went from 2.7 in 
2010 to 9.68 during my annual check-up. 
I thought I needed to verify the eleva-
tion, and checked it two weeks later on 
March 31, and it continued to be elevated 
at 10.96.

The biopsies were scheduled more than a 
month later in May of 2012, so I had to 
wait for more than a month, not knowing 
my status and living with the uncertainty 
of a potential cancer diagnosis. One of six 
biopsies from the one side of the prostate 
showed prostate cancer involving of one of 
six cores. These findings pointed away from 
observation and toward therapeutic inter-
vention, so I opted for a surgical resection. 
One has to wait for another 6 weeks after 
biopsies, so the operation was done on 
June 28, 2012, more than 3 months after 
the initial observation of a high PSA.

I have now personally experienced what it 
is like going for 3 months not knowing the 
eventual status of my cancer, and trying to 
carry as normal a life as possible with the 
distractions of a cancer diagnosis hovering 
over my head with the uncertainty about 
my future. During these 3 months, I was 
seeing patients in clinic, working on papers, 
and submitting grants. It was a challenge 
for me, as it is for many of my patients, 
to focus on my duties as an oncologist 
and academician. I was experiencing the 
uncertainty of what would be ultimately be 
found, and the potential impact on my life 
and my expected survival.

My surgeon, Dr Chang, is depicted on the 
slide. He performed the prostatectomy, and 
the resection yielded a stage II cancer with 

Key points

• My personal exposure 
to dealing with prostate 
cancer came when my 
dad was diagnosed in 
2006, which prompted 
deliberations about 
undergoing PSA screening 
myself. 

• This is a picture of my Dad 
when he was 83 years old 
at his birthday party, 7 
years after he was treated 
for prostate cancer with 
hormonal therapy and 
localized irradiation. He 
remains cancer-free in 
2018.

• I was 53 years old when 
I found out my Dad had 
prostate cancer in 2006. 
I, like many men in their 
50s and 60s, was faced 
with what to do about 
prostate cancer screening 
and knew my dad had 
prostate cancer. 

• The guidance from the US 
Preventive Services Task 
Force was not clear during 
that time, and I share the 
information as it evolved 
in the 2000s.

• I thought I needed to 
verify the elevation, and 
checked it two weeks 
later on March 31, and it 
continued to be elevated 
at 10.96.

• The biopsies were 
scheduled more than a 
month later in May of 
2012, so I had to wait for 
more than a month, not 
knowing my status and 
living with the uncertainty 
of a potential cancer 
diagnosis.

• One of six biopsies from 
the one side of the 
prostate showed prostate 
cancer involving of one of 
six cores.
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my photomicrograph shown on the right of 
the slide. As many of you in the audience 
know, a stage II cancer is neither the best 
nor the worst stage of cancer to have.

Similar to many of our patients, I have 
and continue to live with the uncertainty 
of whether my prostate cancer will come 
back. Now that nearly six years have 
passed, I feel blessed that, thus far, I have 
avoided many of the potentially devastat-
ing consequences of recurrent cancer.

The opportunity to give this address has 
made me think and document here the 
things in my life that I could have missed 
had my cancer not been picked up and 
effectively treated. I show some high-
lights now that 6 years have passed since 
my diagnosis. I have lived to see my son 
Evan get married in 2016, my daughter 
Katherine who married in 2017, our first 
grandchild born in 2017. You can see my 
grandson Edward and me here in 2018. 
I also share the photograph of the gavel 
passing from Daniel Hayes at the 2017 
ASCO annual meeting to me. I consider 
it one of the great honors of my life to 
be able to serve this year as the ASCO 
President and to be delivering this Presiden-
tial Address.

I am grateful to have lived through this 
transformation of the treatment of many 
of our patients with lung cancer. As I think 
about this year’s theme, “Delivering Dis-
coveries; Expanding the Reach of Precision 
Medicine,” we should all remain focused of 
what we hope to achieve for our patients.

I told you I was going to challenge you with 
a call to action so that we can expand the 
reach of precision medicine. As clinicians 

and researchers at this pivotal time in 
cancer research and cancer care, we need 
to extensively characterize our patients’ 
tumors, treat them with our most effec-
tive agents, and support a robust research 
effort to improve the efficacy of the drugs.

ASCO needs to continue to lead efforts to 
guide the selection of the testing needed 
for each type of cancer, provide point of 
care support for decision making, and gen-
erate information on the outcomes of the 
patients in the real world outside the aca-
demic centers.

I have seen and played a small role in the 
introduction of some of the four different 
FDA-approved targeted therapies, and 
been able to successfully treat many of my 
patients with immunotherapy. Given my 
own encounter with prostate cancer, I now 
have personal insights into the anxiety 
faced by many of our patients about return 
of their cancer. I want to remind you, as 
we do our work and see our patients, one 
must be mindful of the roles we can play 
beyond selecting the appropriate therapy 
for our patients and see to the psychologi-
cal needs of our patients as well. We must 
acknowledge the need to continue to 
innovate with our treatments from ongo-
ing research to improve the lives of our 
patients. We must also be aware that our 
patients worry not only about the efficacy 
of our treatments, but also that they do 
not want to miss the critically important 
events in our lives that we share with those 
around us.

I have been proud that I have lived to be 
able to serve as your president of ASCO 
and want to thank all of you for your 
attention.

■■ Reference
 1. Johnson BE: Divide and conquer to treat lung cancer. N Engl J 

Med 375:1892–1893, 2016.
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■■ Kevin S. Hughes; Edward P. Ambinder; Gregory P. Hess; Peter Paul Yu; Elmer V. 
Bernstam; Mark J. Routbort; Jean Rene Clemenceau; John T. Hamm; Phillip G. Febbo; 
Susan M. Domchek; James L. Chen; Jeremy L. Warner, and OPO Workshop Members

Identifying Health Information 
Technology Needs of Oncologists to 
Facilitate the Adoption of Genomic 
Medicine: Recommendations From 
the 2016 American Society of Clinical 
Oncology Omics and Precision Oncology 
Workshop
(J Clin Oncol 2017;35(27):3153–3159.)

Abstract: At the ASCO Data Standards and Interoperability Summit held in May 2016, it was unanimously decided 
that four areas of current oncology clinical practice have serious, unmet health information technology needs. 
The following areas of need were identified: 1) omics and precision oncology, 2) advancing interoperability, 
3) patient engagement, and 4) value-based oncology. To begin to address these issues, ASCO convened two com-
plementary workshops: the Omics and Precision Oncology Workshop in October 2016 and the Advancing Inter-
operability Workshop in December 2016. A common goal was to address the complexity, enormity, and rapidly 
changing nature of genomic information, which existing electronic health records are ill equipped to manage. 
The subject matter experts invited to the Omics and Precision Oncology Workgroup were tasked with the respon-
sibility of determining a specific, limited need that could be addressed by a software application (app) in the 
short-term future, using currently available genomic knowledge bases. Hence, the scope of this workshop was 
to determine the basic functionality of one app that could serve as a test case for app development. The goal of 
the second workshop, described separately, was to identify the specifications for such an app. This approach was 
chosen both to facilitate the development of a useful app and to help ASCO and oncologists better understand 
the mechanics, difficulties, and gaps in genomic clinical decision support tool development. In this article, we 
discuss the key challenges and recommendations identified by the workshop participants. Our hope is to narrow 
the gap between the practicing oncologist and ongoing national efforts to provide precision oncology and value-
based care to cancer patients.

■■ Background

The era of precision oncology is upon 
us,1,2 bringing the promise of more-
effective, less-toxic targeted therapies 
for many cancers. In the sense that we 
intend here, precision oncology refers to 

the identification of genomic, molecular, 
or related characteristics of cancers that 
can shape treatment or elucidate prog-
nosis. The speed with which new and 
sometimes conflicting information is dis-
seminated, the complexity of this topic, 
the lack of data and laboratory standards, 
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and the multiplicity of genomic knowl-
edge bases have made it difficult to 
accumulate, curate, and distribute the 
knowledge required to leverage genomic 
laboratory results to improve patient 
management. This complexity has chal-
lenged practicing cancer care providers 
and slowed the adoption of precision 
oncology into clinical medicine as well 
as the accumulation of new knowledge. 
Some groups have warned against having 
excessive enthusiasm for precision oncol-
ogy on the basis of the small number of 
patients with cancer who are currently 
benefitting from this approach.3 A pessi-
mistic view has been espoused in several 
recent articles,4–7 but we believe a more 
optimistic, yet nuanced, view will ulti-
mately win out.8–10

Although we are now able to identify 
many genomic aberrations in a recurrent 
or metastatic cancer, the utility of this 
information remains elusive. Although 
many aberrations may delineate a change 
in normal function, and some identify a 
potential target for selective therapy, the 
tremendous volume of aberrations makes 
curation and use of the data most chal-
lenging. The potential meaning of each 
aberration, alone and in combination 
with others, is overwhelming, and the 
implementation and testing of targeted 
therapies daunting. In short, our ability 
to identify genomic aberrations has out-
stripped our ability to take advantage of 
such information for the benefit of the 
patient. Consider the volume of published 
data we all must review and consider. The 
MeSH subject heading Precision Medicine, 
which is defined as “clinical, therapeutic, 
and diagnostic approaches to optimal 
disease management based on individual 
variations in a patient’s genetic profile,” 
was only introduced in 2010.11 A  PubMed 
search for this term combined with 
“Neoplasms” gives nearly 3,600 results, 
whereas a Google Scholar search for “Pre-
cision Oncology” and “Neoplasms” yields 
approximately 76,200 results.

ASCO, on behalf of its members, has 
identified the need for strategies to deal 
with this deluge of information, which 
has overwhelmed the ability of cancer 
care providers to digest the data, trans-
form them into effective therapeutic 
strategies, explain them to patients, and 
track results to achieve further progress 
in a rapid-learning health care system. 
It is clear that health information tech-
nology (Health-IT) is critical if we are to 
use current knowledge and create future 
knowledge. To this end, ASCO convened 
the Omics and Precision Oncology (OPO) 
Workshop in October 2016. Omics is an 
English language neologism that refers 
to the collective technologies used to 
explore the roles, relationships, and 
actions of the various types of molecules 
that make up the cells of an organism, 
as in genomics, proteomics, or metabo-
lomics.12 The objectives of the OPO Work-
shop were to assemble a group of experts 
in cancer practice and informatics to dis-
cuss the needs of the practicing commu-
nity and academic oncologist in relation 
to bringing omic information into clini-
cal practice and to identify a subset of 
problems that could be rapidly addressed 
by Health-IT. Although omics covers 
both inherited (germline) and acquired 
(somatic) variation, the participants 
focused primarily on the somatic domain. 
Specifically, the group was tasked 
with the responsibility of determining 
a specific, limited need that could be 
addressed by a software application (app) 
in the short-term future, using currently 
and freely available knowledge bases. 
Candidate members of the invitation-only 
workshop were identified through con-
sensus of the planning committee (E.P.A., 
J.L.C., K.S.H., J.L.W.) and discussions with 
ASCO staff and leadership. Key recom-
mendations are summarized in Table 1; 
the remainder of this article discusses the 
current situation of genomics in cancer 
care, current challenges to using Health-
IT to bring genomics into clinical practice, 
and potential solutions.
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■■ Current situation

The ability to characterize cancers into 
finer and finer subgroups has been aided 
tremendously by the advent of next-gener-
ation sequencing (NGS), which has permit-
ted the rapid and inexpensive classification 
of tumors by genomic makeup. Genomic 
classification has allowed the use of tar-
geted therapies in patients with selected 
tumor molecular subtypes, such as dab-
rafenib for BRAF-mutated melanomas,13 cri-
zotinib for ALK-rearranged non–small-cell 
lung cancer,14 and imatinib for dermatofi-
brosarcoma protu-berans with PDGFB 
alterations.15,16 By the same token, patients 
who lack certain genomic aberrations can 
be spared the morbidity of ineffective ther-
apies. This is not a static problem, because 
the development of new mutations while 
patients undergo targeted therapies will 
require faster genomic decision making (or 
a fallback to less targeted cytotoxic thera-
pies). For example, the drug osi-mertinib 
was quickly developed to preferentially 
bind to certain mutant forms of the epider-
mal growth factor receptor  protein (EGFR), 
including the p.T790M mutant, which 
causes resistance to first-generation EGFR 
tyrosine kinase inhibitors.17

These few examples of targeted therapy 
or avoidance of in-effective therapy only 
scratch the surface of the potential of 

personalized medicine. Aware of the poten-
tial, increasing numbers of patients are 
undergoing provider-initiated NGS profil-
ing of their tumors, and new initiatives are 
being founded to facilitate patient-centered 
testing (eg, Precision Medicine for Me).18 
The reported results of these tests can be 
overwhelming. Annotated NGS reports 
returned to physicians can span over 20 
to 30 pages of text and contain hundreds 
of literature references. In addition, the 
interpretations and management recom-
mendations made in these static reports 
may rapidly become out of date. Reports 
contain varying  levels of detail and accu-
racy in terms of the genomic abnormali-
ties identified, the classification of those 
genomic abnormalities, and the treatment 
recommendations on the basis of those 
genomic abnormalities. Variant curation 
and reporting are not always well aligned 
between germline testing and somatic test-
ing laboratories, and potential germline 
variants are not routinely identified as such 
on somatic testing reports. The use of non-
standardized nomenclature compounds the 
difficulty of retrieving additional informa-
tion from other sources at the time of the 
report or to retrieve updated information at 
a later date.

Although current genomic laboratory– 
produced results are informative, high 
rates of discrepancies have been observed 
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■■ TABLE 1 - Key Recommendations of the ASCO Omics and Precision Oncology Workshop

Recommendation

The development of genomic CDS tools is essential, because genomics knowledge is growing beyond human capabilities.

Standards development organizations should rapidly produce generally accepted, comprehensive standards for transmitting 
genomic information and should closely collaborate to avoid discrepancies between competing standards. Naming conventions 
for genes and genomic abnormalities should be harmonized and should be accepted by all except in the most exceptional of 
circumstances.

A software application (app) should be developed by or on behalf of ASCO to help both community and academic oncologists 
integrate higher-quality genomic data into clinical practice.

The content of all freely available genomic knowledge bases should be made available via APIs, to ensure that apps can be 
developed to take advantage of their carefully curated content in an automated manner. Genomic knowledge bases should 
conform to FDA guidance and should have clinical trial links or pass-throughs to the ClinicalTrials.gov API.

API, application programming interface; CDS, clinical decision support; FDA, Food and Drug Administration.
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between NGS laboratories in terms of 
genomic abnormalities classification, treat-
ment suggestions, clinical trials availability, 
and other important issues for clinical 
care.19–21 Unfortunately, medical oncologists 
do not have a defined process to aggre-
gate, comprehend, and update the infor-
mation available in these reports. Molecular 
tumor boards have been instituted at many 
large academic institutions or as a service 
provided by professional organizations 
(eg, ASCO University’s Molecular Oncol-
ogy Tumor Boards), but even the coor-
dinators of these services have difficulty 
identifying and translating all data sources 
without software to render the reported 
data into a usable format. Oncologists 
and molecular tumor board coordinators 
often spend large amounts of time seeking 
additional information to corroborate or 
enhance what the laboratory has reported, 
often with inconclusive or ambiguous 
results limiting the ability to make a clear 
recommendation.

Often, medical oncologists and tumor 
board coordinators search three or more 
web-based knowledge bases and each time 
must enter the type of cancer, the genes 
involved, and the genomic alterations for 
each gene. They may also conduct a short 
or extended literature search using Pub-
Med, Google Scholar, or other resources. 
Currently, this is a manual process with 
redundant data entry, and owing to the 
nonstandardized nomenclature and evolv-
ing terminologies, it often misses important 
information curated under alternative 
codes, terminologies, and clinical vocabu-
laries.22 Genes are often renamed or have 
multiple nonpreferred (noncanonical) 
names, and unless a database knows to 
take this into account, information will be 
missed. For example, the gene MLL, first 
described in 1991 by Ziemin-van der Poel,23 
was renamed KMT2A in 2014. A PubMed 
search for “KMT2A” yields 83 results 
(the oldest published in 2009), whereas a 
PubMed search for “MLL” delivers 3,665 
results (as of March 13, 2017).

These are significant challenges for the 
practicing clinician and likely explain why 
more than half of oncologists responding 
to a recent Medscape survey believed that 
the value of genomic testing was below 
their expectations.24 In addition, the effi-
cacy or outcome of targeted therapy is not 
routinely captured in a usable format in the 
electronic health record (EHR) or related 
Health-IT systems, thus mitigating the abil-
ity of the rapid-learning system to improve 
understanding of treatment results.25

■■ Current challenges to using Health-IT 
to bring genomics into clinical practice

Multiple issues and gaps were identified at 
the workshop that negatively affect patient 
care. These include, but are not limited to:
• lack of a single universal interoperability 

standard, creating the risk of a Tower of 
Babel experience;

• lack of genomic data in the EHR;
• inability of most EHRs to easily share 

data with external applications or even 
older versions of their own software;

• lack of a standardized vocabulary (eg, 
the same gene can have different names; 
the same genomic abnormality can have 
different representations);

• the same abnormality can be classified 
differently by different laboratories and 
in different knowledge bases;

• a given genomic alteration can have dif-
ferent treatments suggested by different 
sources;

• knowledge bases are incomplete, can 
be ambiguous, and are sometimes 
contradictory.

Selected challenges were further defined 
and expanded on by the workshop 
participants.

■■ Data interoperability standards are 
not universally complete, and multiple 
draft standards are confusing

Data standards hold tremendous promise 
for providing seamless interoperability, but 
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they have not yet delivered on that prom-
ise. Health Level Seven, International (HL7), 
an organization committed to developing a 
set of standards for transferring clinical 
and administrative data between software 
applications, has led the way for the last 
several decades. A plethora of standards 
have been developed for the transfer of 
clinical genomic information, including, but 
not limited to: Clinical Data Interchange 
Standards Consortium Study Data Tabula-
tion Model Implementation Guide: Pharma-
cogenomics/Genetics; Health Level Seven, 
International version 2, version 3, Clinical 
Document Architecture, and Fast Health-
care Interoperability Resources (FHIR); 
and International Organization for Stand-
ardization 25720:2009. However, most 
of these standards are incomplete, lack 
inherent translation capabilities, and do not 
necessarily support the traditional genomic 
datatypes (eg, Variant Call Format files)—
making interaction difficult to achieve and 
often causing developers of new versions 
to start from scratch. Of the available clini-
cal genomic standards, the workshop par-
ticipants were the most enthusiastic about 
FHIR. FHIR is a framework for locating and 
exchanging data between separate medical 
applications at a granular level to facilitate 
interoperability. FHIR is primarily designed 
toward using standard internet resources, 
with a tight focus on implementability 
(referred to as the Representational State 
Transfer—or REST design), and compo-
nents of the most recent version (STU3) 
are considered production ready. The FHIR 
specifications include data models that 
define data elements and serialization for-
mats in XML and JSON to translate discrete 
data structures or documents into a format 
that can be persisted within a system, 
transmitted across a network, and then 
reconstituted later in the same or another 
computer environment, along with a REST-
ful Application Programming Interface 
(API) for querying clinical data. The recently 
announced Sync4Genes effort, supported 
by the Office of the National Coordinator 
for Health Information Technology, seeks 

to rapidly develop the FHIR genomics speci-
fications for several use cases, including 
somatic tumor panel testing.26

Examining similar situations and analogs in 
health care and non–health care  settings 
may provide approaches to help solve 
the challenge of interoperability in an 
environment of competing standards. For 
example, the Foundation for the National 
Institutes of Health faced the problem of 
tremendous heterogeneity in using data 
from various EHRs and claims warehouses 
to identify drug-related adverse events.27 
They addressed the problem by partnering 
with multiple private and public groups to 
create a common data model, so that the 
distributed partner’s data remained at their 
site unchanged while effectively creating a 
homogenous central data set as well. The 
FNIH then wrote and maintained a code 
library and posted a number of analytical 
and reporting tools that worked against all 
of the data, which has led to new develop-
ers adopting the common data model from 
the start.

■■ Genomic laboratory reports are not 
structured

The majority of NGS laboratory reports 
created today are either printed free text, 
binary representation of text delivered as 
a document (such as a PDF), or structured 
data that do not follow an accepted stand-
ard. In an ASCO survey conducted with 
practicing oncologists in 2016, 50% of 
respondents stated that such reports were 
provided as PDFs, and there was no means 
locally for incorporating these data into the 
EHR; < 25% stated that the means existed 
for full electronic transfer and receipt of 
NGS results. As highlighted in the 2016 
President’s Cancer Panel report, “Improving 
Cancer-Related Outcomes with Connected 
Health,” some vendors and institutions 
have made strides in this area, but much 
work remains to be done.25,28

In addition to a widespread inability 
to upload genomic data from external 
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sources, EHRs do not generally store struc-
tured genomic data, lack genomic clinical 
decision support (CDS) capability, and can-
not share these data with external CDS 
applications. Although the need for CDS 
to interpret and use genomic information 
cannot be denied, no EHR vendor, to our 
knowledge, has CDS for genomics built 
into its code. This is unsurprising, consid-
ering the daunting nature of developing 
genomics CDS, the tremendous amount 
of resources and time required to create 
and maintain CDS systems, and the huge 
and rapidly changing fund of knowledge. 
Fortunately, Substitutable Medical Apps 
Reusable Technologies (SMART) on FHIR 
data exchange standards,29,30 which have 
been adopted by several large EHR ven-
dors, may allow the agnostic use of third-
party CDS systems. With API-enabled EHRs 
and this new technology, Health-IT apps 
could improve EHR usability, workflow, 
CDS, timeliness, medical specialty–specific 
information, and electronic function-
alities that are “written once [and] run 
anywhere.”31(p10)

■■ Nonstandard nomenclature
Despite tremendous effort by the scientific 
community to develop standard nomencla-
tures and ontologies, consensus remains 
elusive, and genomic alterations are often 
named differently by different laboratories 
and by different researchers. The Human 
Genome Variation Society nomenclature 
attempts to address this by providing a 
standardized representational form for 
mutations, but it is a challenging task to 
balance computational consistency with 
human readability.32

For example, the most frequent targetable 
BRAF mutation in melanoma is commonly 
referred to in practice as V600E: using 
one-letter amino acid codes to indicate a 
change from wild-type valine at codon 600 
of the B-raf protein to a mutant glutamate 
residue. This relatively short combination 
of letters and numbers can be understood 
widely and is easily conveyed, but can 

be considered ambiguous. For instance, 
because the genetic code translating 
nucleotides to amino acids is degenerate, 
different mutations at the genetic code 
level can result in the same mutant pro-
tein. In addition, many genes have splice 
variants, or even reading frame variants, 
where multiple different protein products 
may come from the same gene.33 In the 
case of BRAF V600E, the most common 
mutation is a single base pair mutation 
from adenosine to thymine correspond-
ing to position 1799 of the messenger 
RNA transcript. The formal, fully specified 
Human Genome Variation Society repre-
sentation of this mutation is NM_004333.4 
(BRAF):c.1799T>A (p.Val600Glu). In this 
unwieldy form, the actual gene reference 
(spliced mRNA: “NM_004333”) is provided, 
the “c.” portion indicates the nucleotide 
change, and the “p.” portion provides the 
inferred protein change. This representa-
tion is unambiguous and provides signifi-
cant advantages computationally, but it is 
clearly not easily human readable. Move 
past simple point mutations like BRAF 
V600E to more complex genomic changes, 
such as variable copy number changes or 
fusions, and the problem swiftly becomes 
untenable.

There are also defined predictive biomarker 
observations where the method of detec-
tion may influence the reported finding. 
An example of this would be loss of the 
INI1 protein in sarcoma, detected immu-
nohistochemically, versus loss/deletion of 
the SMARCB1 gene, which codes for this 
protein at the DNA level. This means that 
when an oncologist or molecular tumor 
board coordinator is looking for additional 
information, they must search by using 
varying naming conventions (which is 
dependent on knowing the varying names 
for the current aberration). Under these 
circumstances, the chance of missing 
important information is high. Federally 
funded efforts, such as the NCI Genomic 
Data Commons and the Precision Medicine 
Initiative’s All of Us Research Program, 

Key points

• Although the need for 
CDS to interpret and use 
genomic information 
cannot be denied, no EHR 
vendor, to our knowledge, 
has CDS for genomics 
built into its code. 

• This is unsurprising, 
considering the daunting 
nature of developing 
genomics CDS, the 
tremendous amount 
of resources and time 
required to create and 
maintain CDS systems.

• With API-enabled EHRs 
and this new technology, 
Health-IT apps could 
improve EHR usability, 
workflow, CDS, timeliness, 
medical specialty–
specific information, and 
electronic functionalities 
that are “written once 
[and] run anywhere.”

• Despite tremendous 
effort by the scientific 
community to develop 
standard nomenclatures 
and ontologies, consensus 
remains elusive, and 
genomic alterations are 
often named differently by 
different laboratories and 
by different researchers. 

• The Human Genome 
Variation Society 
nomenclature attempts 
to address this by 
providing a standardized 
representational form 
for mutations, but it is 
a challenging task to 
balance computational 
consistency with human 
readability.
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whose missions are currently research 
directed, could be leveraged as a public 
resource to map the various terminologies 
now in use and establish a machine-reada-
ble lexicon.

■■ The same variant can have different 
classifications by different laboratories 
and in different knowledge bases

Once a genomic abnormality has been 
identified, the meaning of the alteration 
needs to be assessed. Unfortunately, the 
classification of genomic abnormalities may 
vary across laboratories and knowledge 
bases. In contrast to the well-described and 
accepted categories of pathogenicity for 
germline variants (benign, likely benign, 
variant of uncertain significance [VUS], 
likely pathogenic, or pathogenic), there is 
no uniform consensus on how to catego-
rize somatic mutations. At first, there was 
the simple binary approach: is a mutation 
actionable or nonactionable?34 This overly 
broad and subjective concept has evolved, 
and several systems have recently been 
put forth to categorize the interpretations 
of somatic variants.35–37 Classifications 
can also change over time as VUSs are 
reclassified into a more useful category 
or as new treatments become available. 
Without paired germline analysis, it can-
not be known which variants identified in 
tumor sequencing are inherited. However, 
the creation of large germline databases, 
such as the Exome Aggregation Consor-
tium (ExAC), may partially alleviate this 
problem.38

■■ Incomplete and conflicting data 
regarding prognostic significance 
and actionability of specific genomic 
aberrations

A somatic genomic abnormality may also 
have prognostic or predictive implications, 
which will vary by tumor context. If we 
take the BRAF example from above, target-
ing the mutant protein has considerable 
efficacy in melanoma.39 However, targeting 
this same mutation in colon cancer with 
current BRAF inhibitors as monotherapy 

has not been fruitful.40 Some abnormalities, 
such as TP53 mutation, generally portend 
a worse prognosis. However, TP53 muta-
tions may also portend improved treatment 
responses for certain targeted therapies.41 
Thus, one cannot simply paint all mutations 
with a single brush. The clinical context 
and the clinical questions being asked are 
key to arbitrating the variant classification. 
These context- and purpose-dependent 
abnormalities will be reported differently by 
different laboratories and different knowl-
edge bases, because each may have a dif-
ferent interpretation of the question being 
asked. Naturally, these differences are 
compounded as VUSs are reclassified and 
as functional genomic knowledge grows 
over time.

Some gene alterations may exert their 
effects on a complex of proteins (eg, the 
TORC1/TORC2 complexes) or may have 
inferred affects within or external to the 
putative pathway to which the gene 
belongs. These inferred effects may have 
treatment implications, including the deci-
sion to combine targeted therapies or to 
use immunotherapies. As always, theoreti-
cal actionability must be confirmed in the 
clinic. The recent failure of the combina-
tion of erlotinib (a first-generation EGFR 
tyrosine kinase inhibitor) and onartuzumab 
(an antic-Met antibody that disrupts c-Met 
di- merization) in the METLung study proves 
this point.42 In this trial, a putative synergy 
between MET and EGFR signaling led to a 
design where MET overexpression by immu-
nohistochemistry was the inclusion crite-
rion. The primary end point, overall survival, 
was not met; in fact, patients in the combi-
nation arm seemed to have inferior overall 
survival (P = .067). Of note, the authors 
state that “emerging data suggest that 
splice-site mutations, which are drivers of 
MET activity, may be a better way to select 
patients for MET small-molecule inhibi-
tors.”42 As described above, these types of 
mutations will be more difficult to convey 
in the clinical setting, because they must be 
described at the DNA level.

Key points

• Once a genomic 
abnormality has been 
identified, the meaning 
of the alteration 
needs to be assessed. 
Unfortunately, the 
classification of genomic 
abnormalities may vary 
across laboratories and 
knowledge bases.

• Classifications can also 
change over time as VUSs 
are reclassified into a 
more useful category or as 
new treatments become 
available. Without paired 
germline analysis, it 
cannot be known which 
variants identified in 
tumor sequencing are 
inherited.

• A somatic genomic 
abnormality may also have 
prognostic or predictive 
implications, which will 
vary by tumor context. If 
we take the BRAF example 
from above, targeting 
the mutant protein has 
considerable efficacy in 
melanoma.

• The clinical context and 
the clinical questions 
being asked are key to 
arbitrating the variant 
classification. These 
context- and purpose-
dependent abnormalities 
will be reported differently 
by different laboratories 
and different knowledge 
bases, because each 
may have a different 
interpretation of the 
question being asked. 

• Naturally, these 
differences are 
compounded as VUSs 
are reclassified and as 
functional genomic 
knowledge grows over 
time.
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■■ Lack of a definitive knowledge base
Knowledge bases are intentional human 
efforts to collate information on a given 
problem.43,44 Multiple freely available 
genomic knowledge bases exist, such as 
ClinVar45/ClinGen,46 MyCancerGenome,47 
Clinical Interpretations of Variants in Can-
cer,48 Precision Medicine Knowledge Base,49 
and others.50 Some of these are machine 
readable, whereas others, in particular 
institutional knowledge bases, may be no 
more than a collection of PDFs or printouts. 
In addition, there are knowledge bases that 
are behind paywalls or otherwise restricted, 
which were out of scope for the Workshop 
discussion. Knowledge bases can provide 
different and sometimes contradictory clas-
sifications and recommendations for the 
same genomic abnormality. A practicing 
oncologist may need to search multiple 
knowledge bases to identify therapeutic 
opportunities, provide more nuanced prog-
noses, or identify potential clinical trials. In 
effect, a search-engine-of-search-engines in 
the future would synthesize, or minimally 
aggregate, a comprehensive summary of 
the relevant information and rank order the 
results on the basis of the level of evidence. 
The workshop participants were especially 
enthusiastic about the draft guidance pro-
vided by the Food and Drug Administra-
tion, “Use of Public Human Genetic Variant 
Databases to Support Clinical Validity for 
Next Generation Sequencing-Based In Vitro 
Diagnostics,”51 although it was acknowl-
edged that guidance documents have little 
regulatory power.

■■ Lack of knowledge, time, and omics-
expert assistance to interpret the data

Even the most highly specialized oncologist 
has a hard time keeping up with the latest 
interpretation of every genomic abnormal-
ity in their specialty and must constantly 
go back to primary sources to update their 
information. This problem is even more 
acute for those practicing oncologists 
who are not genomic specialists and may 
not have the time or inclination to keep 
up with the genomic literature. This will 
remain problematic for the foreseeable 

future as omic data accumulation outpaces 
our ability to synthesize it into clinical prac-
tice. Oncologists also require dedicated 
time to review and interpret complex test 
results and/or access to genomic experts—
time that is not reimbursed in the fee-for-
service setting.

■■ Potential solutions

As stated in the familiar proverb, “It is bet-
ter to light a single candle than to curse the 
darkness.” With this in mind, the workshop 
participants came up with concrete recom-
mendations that could be implemented 
today, even in the face of the daunting 
challenges outlined above (Table 1). Medi-
cal oncologists are bombarded with a great 
number of genomic data and minimal 
resources for interpreting the information 
and using it clinically. Oncologists need a 
user-friendly way to access the latest and 
most complete information to provide the 
best-quality care. For the community oncol-
ogist who may not have access to trained 
genomics experts or who may want to 
have a better understanding of this rapidly 
changing area of oncology, there is a need 
for genomic tools that constantly update, 
supplement, and provide useful CDS. It 
would be ideal to have this CDS resource 
available from all EHRs used by oncologists. 
Realizing that a complete solution will take 
years, it was agreed that some progress 
was possible at this time using existing 
Health-IT approaches sometimes referred 
to as sidecar applications. As recently 
described by Wes Rishel, “Like a motor-
cycle sidecar, these apps can significantly 
enhance the functions of an EHR, but the 
engine and overall steering remains with 
the motorcycle (or EHR).”52

The OPO Workshop participants developed 
recommendations that were conveyed to a 
team of subject matter experts convened at 
the subsequent Interoperability Workshop, 
to address concrete steps for advancing this 
area of unmet need: identify appropriate 
and specific genomic standards to  provide 

Key points

• There are knowledge 
bases that are behind 
paywalls or otherwise 
restricted, which were 
out of scope for the 
Workshop discussion. 

• Knowledge bases can 
provide different and 
sometimes contradictory 
classifications and 
recommendations for 
the same genomic 
abnormality. 

• A practicing oncologist 
may need to search 
multiple knowledge bases 
to identify therapeutic 
opportunities, provide 
more nuanced prognoses, 
or identify potential 
clinical trials.

• Oncologists also require 
dedicated time to review 
and interpret complex test 
results and/or access to 
genomic experts—time 
that is not reimbursed in 
the fee-for-service setting.

• Medical oncologists are 
bombarded with a great 
number of genomic data 
and minimal resources 
for interpreting the 
information and using it 
clinically. 

• Oncologists need a user-
friendly way to access the 
latest and most complete 
information to provide the 
best-quality care.

• It would be ideal to have 
this CDS resource available 
from all EHRs used by 
oncologists.

• Realizing that a complete 
solution will take years, 
it was agreed that some 
progress was possible at 
this time using existing 
Health-IT approaches 
sometimes referred to as 
sidecar applications.
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flexible and adaptable data exchange 
between genomic laboratories, external 
genomic knowledge bases, and the EHR; 
create a specification for development 
of a modular app that will help connect 
practicing oncologists with up-to-date 
genomic- guided information and treat-
ment of a given patient with cancer; and 
a meta-knowledge base, potentially devel-
oped and maintained by ASCO, should be 
made available as a service via an API that 
provides all possible codings for any gene-
genomic abnormality combination. A map-
ping application should be developed that 
uses that knowledge base and can accept 
any gene-genomic abnormality combina-
tion and identify all alternative no-mencla-
tures for that combination.

The extent of the challenges outlined 
here precludes a perfect solution at this 
point in time. Therefore, the participants 
agreed that the development of a modifi-
able modular app using existing FHIR and 
SMART on FHIR technology would be a 
concrete step to advance this field. The app 
would work with any API-enabled EHR or 

other API-enabled Health-IT apps, could 
connect to API-enabled knowledge bases, 
and would adhere to existing data and 
interoperability standards. A functional app 
allowing data to be entered just once and 
allowing the viewing of the information 
from multiple knowledge bases would help 
oncologists practice better genomic medi-
cine and would help ASCO and oncolo-
gists better understand the process of app 
development.

The development and creation of this 
genomics app aims to help both com-
munity and academic oncologists, all 
cooperating EHRs, and ASCO’s Cancer-
LinQ to integrate higher-quality genomic 
data into their clinical activities. Our hope 
is initially to also help bridge the gap 
between what practicing oncologists and 
their engaged patients with cancer can 
do with existing genomic data and the 
desires of ongoing recent national efforts, 
such as the Precision Medicine Initiative,53 
the Beau Biden Cancer Moonshot,54 and 
rapid-learning health systems such as 
CancerLinQ.55
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Clinical and Technical Aspects of 
Genomic Diagnostics for Precision 
Oncology
(J Clin Oncol 2017;35(9):929–933.)

Abstract: The emergence of precision medicine has been predicated on significant recent advances in diagnostic 
technology, particularly the advent of next-generation sequencing (NGS). Although the chemical technology 
underlying NGS is complex, and the computational biology expertise required to build systems to facilely interpret 
the results is highly specialized, the variables involved in designing and deploying a genomic testing program 
for cancer can be readily understood and applied by understanding several basic considerations. In this review, 
we present key strategic decisions required to optimize a genomic testing program and summarize the technical 
aspects of different technologies that render those methods more or less suitable for different types of programs.

■■ Introduction

The advent of precision medicine has been 
fueled by advances in diagnostic modalities, 
largely based in molecular diagnostics, the 
pathology specialty focusing on analysis of 
nucleic acids. Over the past two decades, 
we have witnessed the introduction of 
quantitative polymerase chain reaction 
(PCR), pyrosequencing, microarrays, digital 
droplet PCR, and other technologies into 
the clinical diagnostic arena. Of these tech-
nical innovations, however, the largest con-
tributions to precision medicine have come 
from massively parallel, or next-generation, 
sequencing (NGS).

NGS enables the generation of genome- 
scale sequencing information in relatively 
rapid time frames, such that it can impact 
clinical decision making. The fundamental 
principle of NGS is spatial separation of 
individual DNA molecules, which allows 
simultaneous analyses of millions of indi-
vidual molecules. As each nucleotide in the 
sequences of each of the DNA strands is 
individually analyzed, the data are recorded 
and compiled computationally. The com-
piled data enable concurrent analysis of 

multiple genes from multiple samples. This 
is a disruptive technology in the true sense 
of the word—it is both more sensitive and 
more specific, faster and more efficient, 
compatible with more and smaller samples, 
and generates more data, with greater pre-
cision, at a cost that is rapidly declining.

■■ Disruptive technology brings new 
challenges

Technical innovation has led to an explosive 
growth of biomedical knowledge, which 
has challenged the traditional framework 
for establishing standard of care. At the 
analytical level, established procedures for 
validating clinical assays are predicated on 
the one test, one analyte model, which 
is ill suited for massively multiplexed NGS 
assays. At the clinical level, demonstration 
of utility is based on evidence from large, 
randomized clinical trials. Because specific 
genetic variations are typically present in 
small subgroups of patients within each 
cancer type, traditional clinical trials on 
the basis of genetic characteristics can be 
challenging. A current model in academic 
centers is to perform initial broad-based 

Key points

• Over the past two 
decades, we have 
witnessed the introduction 
of quantitative polymerase 
chain reaction (PCR), 
pyrosequencing, 
microarrays, digital 
droplet PCR, and other 
technologies into the 
clinical diagnostic arena. 

• Of these technical 
innovations, however, the 
largest contributions to 
precision medicine have 
come from massively 
parallel, or next-
generation, sequencing 
(NGS).

• Technical innovation has 
led to an explosive growth 
of biomedical knowledge, 
which has challenged the 
traditional framework for 
establishing standard of 
care.
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genomic testing and direct each patient 
to an investigational agent appropriate for 
their genomic findings. The combination of 
these novel validation concepts led to the 
situation where most laboratories offering 
cancer genomic testing are unsure about 
the regulatory requirements for establishing 
assays and collecting reimbursement for 
testing. At the same time, public demand 
is increasing rapidly, fueled by episodic 
reports of dramatic responses, and labo-
ratories adopting NGS-based testing are 
faced with several challenges: which 
patients and targets to test, and which 
methods to use?

At a first pass, there are clinical scenarios 
for which genomic markers have estab-
lished need, such as BCR-ABL1 rearrange-
ment in chronic myeloid leukemia.1 These 
applications have been established in the 
medical literature and incorporated into 
practice guidelines.2 

A challenge arises for markers with a lesser 
level of established need: mutations that 
have been shown to respond to investi-
gational therapeutics or that have shown 
clinical response in a different cancer 
type. For example, IDH1/2 inhibitors have 
shown great promise in early-phase clinical 
trials in patients with IDH-mutant acute 
myeloid leukemia3 but have not yet gained 
Food and Drug Administration approval 
or inclusion in guidelines. Similarly, BRAF 
inhibitors are standard therapy in patients 
with BRAF-mutant melanoma4 but not for 
BRAF-mutant Langerhans cell histiocytosis. 
Philadelphia-like acute lymphoblastic leuke-
mia is a distinct subgroup of acute lympho-
blastic leukemia with poor prognosis, 
defined by alterations in multiple kinase 
genes, some of which can be targeted by 
kinase inhibitors.5 Total mutational burden 
is predictive of response to immunotherapy 
in some tumor types.6 Should a laboratory 
test for these alterations? Although target-
ing these alterations in certain cancers may 
not have been investigated in randomized 
clinical studies, it may represent the only 
chance for patients who fail established 

therapies and are in need of experimental 
targeted therapies. A recent prospective 
study speaks to the value of this approach.7 

■■ What should we sequence?

The decision of which genes to test gets 
at the heart of each institution’s mission. 
Those decisions are essential for selecting 
the appropriate test to offer and can be 
boiled down to answering three questions: 
how much of the genome should be 
tested, which types of alterations should 
be tested, and what are the needs for 
throughput and turnaround time?

Regarding the first question, the tempta-
tion is to sequence the whole genome. 
The wet laboratory process for sequencing 
the genome is simpler than sequencing 
specific targets, and for alterations involv-
ing regulatory regions and introns, such 
as translocations, this is the only way to 
be comprehensive.8 However, analysis of 
an entire genome consumes sufficient 
sequencing capacity that the depth of 
coverage—the number of individual strands 
of DNA analyzed at any given position—is 
limited. When the coverage drops too low, 
sequencing is less sensitive and less accu-
rate, which poses a significant problem for 
heterogeneous samples such as cancers. 
Another challenge presented by whole-
genome analysis is the sheer amount of 
data generated and the time it takes to 
process these data. This limits the through-
put, because analyzing a single sample 
can take weeks,9 which is impractical for a 
patient with advanced-stage cancer requir-
ing prompt treatment. Whole-genome 
sequencing of a cancer sample also 
requires concurrent sequencing of a paired 
normal (germline) sample from the same 
patient, to determine which alterations are 
present only in the cancer sample.10 

At the other end of the spectrum are 
targeted sequencing panels that interro-
gate scores to low hundreds of genes. For 
oncogenes, often only specific mutational 

Key points

• A challenge arises for 
markers with a lesser 
level of established 
need: mutations that 
have been shown to 
respond to investigational 
therapeutics or that have 
shown clinical response in 
a different cancer type.

• BRAF inhibitors are 
standard therapy in 
patients with BRAF-
mutant melanoma 
but not for BRAF-
mutant Langerhans cell 
histiocytosis. 

• Philadelphia-like acute 
lymphoblastic leukemia 
is a distinct subgroup 
of acute lymphoblastic 
leukemia with poor 
prognosis, defined by 
alterations in multiple 
kinase genes, some of 
which can be targeted by 
kinase inhibitors.

• Although targeting 
these alterations in 
certain cancers may not 
have been investigated 
in randomized clinical 
studies, it may represent 
the only chance for 
patients who fail 
established therapies.

• Regarding the first 
question, the temptation 
is to sequence the 
whole genome. The wet 
laboratory process for 
sequencing the genome is 
simpler than sequencing 
specific targets.

• Analysis of an entire 
genome consumes 
sufficient sequencing 
capacity that the depth of 
coverage—the number of 
individual strands of DNA 
analyzed at any given 
position—is limited.
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hotspots are sequenced, whereas for tumor 
suppressor genes, entire coding sequences 
are usually interrogated.11 A well-designed 
clinical panel typically includes genes 
for which approved targeted therapies 
exist, genes that have therapeutics in 
clinical trials, and genes with diagnostic or 
prognostic value. Some panels also include 
genes implicated in cancer biology, which 
are currently not targetable with avail-
able agents or have potential therapeutics 
in early stages of development. Selected 
introns can also be targeted to detect spe-
cific rearrangements. In general, smaller 
panels afford deeper coverage and, there-
fore, superior sensitivity to characterize 
highly heterogeneous samples. In addition, 
analysis of such panels is faster and, accord-
ingly, they are commonly used as clinical 
assays where results are needed within a 
few days. Using information gleaned from 
databases containing genomic sequences 
from thousands of normal individuals and 
pools of normal samples, cancer-specific 
somatic mutations can be distinguished 
from germline variations to the extent that 
allows testing cancer samples without 
paired normal samples, particularly for the 
well-studied oncogenic alterations. This 
simplifies laboratory operations and reduces 
cost and turnaround time.

Between these lies whole-exome sequenc-
ing, which involves sequencing the entire 
coding region of a sample but excluding 
most of the intronic sequences, thus ren-
dering these methods generally unable 
to detect structural rearrangements.8 The 
amount of data is still too large to rapidly 
analyze, however, and whole-exome tests 
often use a postanalytic computational 
filter to mask irrelevant genes and narrow 
the scope of genes analyzed to a manage-
able subset, particularly when turnaround 
time is important. Moreover, whole-exome 
sequencing of cancer samples, like whole-
genome sequencing, requires a paired ger-
mline sample from each patient. Thus, the 
whole-exome analysis can resemble a larger 
targeted cancer panel, except that the cov-
erage depth is lower (so the false-positive 

and false-negative rates are higher), and all 
of the genes have actually been sequenced 
and can be analyzed at a later time.

The second question concerns the type of 
alterations that need to be assayed. The 
simplest type of alteration, single nucleo-
tide variant (SNV), is fairly straightforward 
and readily measured by NGS. Small inser-
tions and deletions (indels) < 20 bp are 
more challenging, however, because NGS 
reads relatively short stretches of DNA 
(typically < 150 bp) and relies on software 
to align partially overlapping sequences to a 
reference genome. The presence of indels, 
especially near the end of a read, causes 
misalignment as software tries to find the 
best match by adding gaps. Larger indels 
(> 30 bp) are not well detected by the bio-
informatics tools that are typically used in 
clinical applications, and the sensitivity of 
different computational pipelines can vary 
considerably.12 The inability to reliably detect 
large indels can pose particular challenges 
for several clinically significant alterations, 
such as FLT3 internal tandem duplication 
in acute myeloid leukemia,13 CALR exon 9 
deletion in myeloproliferative neoplasms,14 

and KIT exon 11 deletion in GI stromal 
tumors.15 

Detection of copy number variations (CNVs) 
is also challenging with NGS, especially in 
cancer samples. Cancer samples can have 
multiple CNVs, ranging from small focal 
changes involving part of a gene to arm-
level or chromosome gains and losses, and 
they often contain a combination of all 
types of CNVs. Heterogeneity within the 
sample is an important confounding factor 
that makes CNV detection difficult. Many 
laboratories rely on the visual assessment of 
data by a trained laboratory professional, 
although accuracy and reproducibility of 
this approach have been questioned. Other 
laboratories use computational algorithms 
that incorporate SNV data and other vari-
ables to estimate CNVs,16 but these have 
been developed to work mostly with 
whole-exome sequencing. Ultimately, NGS 
on a tumor sample uses a pool of DNA 

Key points

• A well-designed clinical 
panel typically includes 
genes for which approved 
targeted therapies 
exist, genes that have 
therapeutics in clinical 
trials, and genes with 
diagnostic or prognostic 
value. 

• Some panels also include 
genes implicated in 
cancer biology, which are 
currently not targetable 
with available agents 
or have potential 
therapeutics in early 
stages of development.

• The amount of data is 
still too large to rapidly 
analyze, however, and 
whole-exome tests 
often use a postanalytic 
computational filter to 
mask irrelevant genes and 
narrow the scope of genes 
analyzed to a manageable 
subset, particularly 
when turnaround time is 
important.

• The second question 
concerns the type of 
alterations that need to 
be assayed. The simplest 
type of alteration, single 
nucleotide variant (SNV), 
is fairly straightforward 
and readily measured 
by NGS.

• Small insertions and 
deletions (indels) < 20 bp 
are more challenging, 
however, because NGS 
reads relatively short 
stretches of DNA (typically 
< 150 bp) and relies on 
software to align partially 
overlapping sequences to 
a reference genome.

• Larger indels (> 30 bp) 
are not well detected by 
the bioinformatics tools 
that are typically used in 
clinical applications, and 
the sensitivity of different 
computational pipelines 
can vary considerably.
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from a population of cells, and the final 
readout of CNVs is based on the average of 
the pool and therefore is unable to assess 
CNVs in minor subpopulations.

Detection of structural variants (SVs), 
such as translocations, inversions, and 
large deletions or duplications, relies on 
the detection of breakpoints, where two 
sequences from noncontiguous genomic 
coordinates are joined together in the 
sample. Because the breakpoints are more 
frequently found in introns than exons, 
small targeted NGS panels and whole-
exome sequencing do not generally cover 
them, and whole-genome sequencing 
provides the best sensitivity for detecting 
SVs.17 Although introns can be added to 
targeted panels, the large size of introns 
necessitates a substantial investment in 
sequencing capacity. In essence, sequenc-
ing more introns means sequencing fewer 
exons. Some SVs fuse two genes and cre-
ate a chimeric transcript encoding a fusion 
protein with oncogenic activities. RNA-
based techniques remain the gold standard 
for detection of fusion transcripts, with the 
challenges inherent in the limited stability 
and variable expression of RNA.

The third question for laboratories is 
logistic: how quickly are the results needed, 
and how many samples need to be tested? 
The need for speed is difficult to establish 
clearly. A 2013 practice guideline from the 

College of American Pathologists, Associa-
tion for Molecular Pathology, and Interna-
tional Association for the Study of Lung 
Cancer regarding molecular diagnostic test-
ing in lung adenocarcinoma recommended 
a 2-week turnaround time for tests for 
EGFR and ALK.18 This was an expert con-
sensus opinion, however, and not an 
evidence-based recommendation. Still, it is 
a reasonable approximation of an appropri-
ate time frame for most clinical cases.

The answers to the three questions above 
will dictate optimal assay design for the kind 
of tests an institution will offer. From there, 
essentially two decisions remain: which type 
of library preparation method to use and 
which platform to use for sequencing.

■■ How should sequencing be done?

The library is the full set of DNA strands 
made from each sample. The library prepa-
ration starts with the DNA molecules iso-
lated from the sample and creates a replica 
of these DNA molecules with attached 
adapters and barcodes. The barcodes are 
used to identify the sample from which 
they originated, and the adapters contain 
primer recognition sequences to initiate 
sequencing reactions. The main two library 
 preparation methods in use today are 
ligation based and amplification based 
(Table 1).19

■■ TABLE 1 - Library preparation methods

Assay characteristic Hybrid capture based Amplicon based

Input DNA requirement As low as 50 ng As low as 10 ng

Maximum number of genes per run Thousands Hundreds

Hotspot SNV detection Yes, but limited for subpopulations Yes

Any SNV detection Yes Yes

Indel detection Yes May be suboptimal near the end of amplicons

CNV detection Yes, but maybe affected by GC content Yes, but may be subject to amplification bias

SV detection Yes No

Library preparation time Days Hours

CNV, copy number variation; GC, proportion of nucleotides that are either guanine (G) or cytosine (C); Indel, insertion/deletion; SNV, single nucleotide variation; 
SV, structural variant.

Key points

• Detection of structural 
variants (SVs), such as 
translocations, inversions, 
and large deletions or 
duplications, relies on the 
detection of breakpoints.

• RNA-based techniques 
remain the gold standard 
for detection of fusion 
transcripts, with the 
challenges inherent 
in the limited stability 
and variable expression 
of RNA.

• The library is the full set 
of DNA strands made 
from each sample. The 
library preparation starts 
with the DNA molecules 
isolated from the sample 
and creates a replica of 
these DNA molecules with 
attached adapters and 
barcodes.

• The barcodes are used to 
identify the sample from 
which they originated, 
and the adapters contain 
primer recognition 
sequences to initiate 
sequencing reactions.

ASCO Bladder-2019-V1.indb   30 3/11/2019   2:34:49 PM



Clinical and Technical Aspects of Genomic Diagnostics for Precision Oncology

31

Ligation-based library preparation first 
fragments DNA through physical shearing 
or enzymatic cleavage. The adapters and 
barcodes are then added to the ends of the 
DNA fragments by template-independent 
ligation. Because the fragmentation and 
ligation processes are both sequence inde-
pendent, theoretically, the entire genomic 
sequence is represented in the library. A 
library made this way can be used in whole-
genome sequencing as is. For whole-exome 
or targeted sequencing, additional steps 
are needed to select only those fragments 
containing the sequence of interest.

The most commonly used method for 
selection today is the so-called hybrid cap-
ture method. Hybrid capture methods rely 
on a pool of many individual nucleic acid 
probes (baits), each of which is designed 
to be complementary to a sequence of 
interest within the genome. A multiplexed 
hybridization reaction is performed, in 
which the baits bind to their targets and 
are captured on a solid surface, such as a 
bead or chip. The unbound DNA from the 
library is washed away, and the captured 
fragments, which are enriched for the 
sequences of interest, are then minimally 
PCR amplified and sequenced. Hybridiza-
tion reaction is relatively robust with regard 
to variations in conditions and number of 
concurrent reactions and is the method 
of choice when the number of targets is 
large or the intended target is the whole 
exome. Moreover, this method uses limited 
PCR amplification and better preserves the 
relative amounts of the different regions of 
the genome and is thus more consistent for 
copy number evaluation (compared with 
amplicon-based library preparation). How-
ever, even under best-case scenarios, about 
30% to 50% of the DNA fragments in the 
sequenced library can be from off-target 
regions, leading to lower depth of coverage 
for the targeted regions. Also, this method 
involves multiple steps, most significantly a 
long hybridization reaction, which leads to 
longer turnaround times.

By contrast, amplicon-based library prepa-
ration uses PCR reactions to amplify regions 

for sequencing, which can be done with 
unique primers to each targeted region. 
Because of the amplification of targets 
earlier in the process, this method provides 
few off-target sequences and greater depth 
of coverage for the targeted regions and 
is the method of choice for scanty and 
heterogeneous samples. It is also a faster 
method, useful in certain clinical situations, 
such as acute leukemia profiling. However, 
unlike hybridization capture, where the size 
of the bait set has little bearing on the out-
come, competition and interference among 
primers in multiplexed PCR reactions can 
lead to unequal amplifications among 
individual targets. Thus, the amplicon-
based approach is limited to panels with 
a relatively small number of targets and is 
less suitable for copy number assessment. 
In addition, errors that arise in early stages 
of PCR can be exponentially amplified and 
give rise to false-positive findings (so called 
jackpot errors), or, alternatively, low-level 
variants may not participate in early rounds 
of PCR and be diluted out and give rise to 
false-negative findings.

The final decision for each laboratory 
concerns the selection of a sequencing 
platform (Table 2). Without expressing 
a preference for any one specific manu-
facturer, the commonly used platforms 
are emulsion PCR with semiconductor 
sequencing, bridge amplification with 
reversible dye terminator sequencing, and 
nanopore sequencing.20 These methods 
differ primarily in the manner in which they 
spatially separate the library DNA strands 
for sequencing and the technology used to 
generate the sequence.

Emulsion PCR involves hybridization of 
the DNA library to beads bearing capture 
sequences complementary to the library 
adapter sequences in a dilute molar ratio, 
such that each bead captures either zero or 
one template DNA strand, following Pois-
son distribution. Beads are then partitioned 
into aqueous droplets and stabilized by 
immersion in oil. Each droplet contains all 
the components for a PCR reaction, to ena-
ble independent amplifications of the singly 

Key points

• The most commonly used 
method for selection 
today is the so-called 
hybrid capture method. 

• Hybrid capture methods 
rely on a pool of many 
individual nucleic acid 
probes (baits), each of 
which is designed to 
be complementary to 
a sequence of interest 
within the genome. 

• A multiplexed 
hybridization reaction is 
performed, in which the 
baits bind to their targets 
and are captured on a 
solid surface, such as a 
bead or chip. 

• The unbound DNA from 
the library is washed 
away, and the captured 
fragments, which 
are enriched for the 
sequences of interest, 
are then minimally PCR 
amplified and sequenced.

• The amplicon-based 
approach is limited to 
panels with a relatively 
small number of targets 
and is less suitable for 
copy number assessment.

• Errors that arise in early 
stages of PCR can be 
exponentially amplified 
and give rise to false-
positive findings (so 
called jackpot errors), 
or, alternatively, low-
level variants may not 
participate in early rounds 
of PCR and be diluted 
out and give rise to false-
negative findings.

• Without expressing a 
preference for any one 
specific manufacturer, 
the commonly used 
platforms are emulsion 
PCR with semiconductor 
sequencing, bridge 
amplification with 
reversible dye terminator 
sequencing, and nanopore 
sequencing.
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bound DNAs on individual beads. Each 
bead-in-droplet becomes a separate reac-
tion chamber, as amplicons generated each 
round are captured by the bead and serve 
as templates for the ensuing rounds of PCR. 
After PCR, the beads containing the ampli-
cons are separated in space (usually in wells 
fabricated in silicon chips) and sequenced 
in parallel using a modified pyrosequencing 
reaction with electrochemical detection of 
incorporated nucleotides. This method is 
relatively quick and inexpensive, render-
ing it especially useful for amplicon-based 
methods. The method generates medium-
length sequences, which is helpful for cor-
rect mapping of indels and SVs. However, 
the method is limited to a smaller number 
of targets compared with other methods 
and is subject to particular challenges in 
properly differentiating sequences with 
single-nucleotide repeats (homopolymers). 
In general, this is a method of choice for 
small targeted clinical panels.

Bridge amplification involves capturing 
the DNA library on a solid surface with 
attached probes complementary to the 
adapter sequences in the library. PCR ampli-
fication is then performed directly on the 
surface, and PCR products are captured by 
additional adapter recognition sequences, 
such that the surface becomes seeded with 
polymerized colonies of amplicons, each 
derived from a single DNA strand. The 
sequencing reaction then is also performed 
on the solid surface, using a dye-labeled 
deoxynucleotide that is protected from 
extension at the 3’-hydroxyl site, such that 

only one nucleotide can be added at a time 
until the protection is removed. This way, 
homopolymers can be sequenced unam-
biguously, but the sequences are shorter, 
which is more challenging for identify-
ing indels and SVs. This method is most 
suitable for assays with a large number 
of targets and is more accurate than the 
pyrosequencing, but it is also relatively slow 
and costly.

Nanopore sequencing involves directing 
individual DNA strands through a small 
channel that can accommodate only 
one strand of DNA at a time. Within the 
channel, either a dye-based chemical 
sequencing reaction takes place or elec-
trical conductivity is measured as each 
nucleotide traverses the pore. This tech-
nology is the most costly and least well 
developed at this time and is fairly error 
prone, which renders it less suitable for 
SNVs. However, it generates long reads, 
ideal for SVs, and with no PCR steps in 
library preparation it is theoretically bet-
ter in assessment of CNVs. Currently, this 
method is largely used for investigational 
applications.

In conclusion, although technology will 
continue to evolve, and the current cut-
ting edge will one day seem limited, NGS 
is well poised to support the development 
of precision oncology in the coming years. 
The myriad technical choices available to a 
laboratory today can be reduced to a  limited 
number of options once a few simple vari-
ables are understood. Is the goal quick and 

■■ TABLE 2 - Sequencing methodologies

Assay characteristic Emulsion 
semiconductor

Bridge dye 
terminator

Nanopore

Sequencing time Hours 1–2 days Hours

Ability to handle high case volume Moderate High High

Cost Low Medium High

Accuracy Moderate High Low

Sequencing technologies undergo continuous improvement and development, which increases accuracy and productivity. 
Information in this table is only a current estimate of the capabilities of different technologies.

Key points

• Bridge amplification 
involves capturing the 
DNA library on a solid 
surface with attached 
probes complementary to 
the adapter sequences in 
the library. 

• PCR amplification is then 
performed directly on the 
surface, and PCR products 
are captured by additional 
adapter recognition 
sequences, such that the 
surface becomes seeded 
with polymerized colonies 
of amplicons, each derived 
from a single DNA strand. 

• The sequencing reaction 
then is also performed 
on the solid surface, 
using a dye-labeled 
deoxynucleotide that is 
protected from extension 
at the 3’-hydroxyl site, 
such that only one 
nucleotide can be added 
at a time until the 
protection is removed.

• Nanopore sequencing 
involves directing 
individual DNA strands 
through a small channel 
that can accommodate 
only one strand of DNA at 
a time.

• In conclusion, although 
technology will continue 
to evolve, and the current 
cutting edge will one day 
seem limited, NGS is well 
poised to support the 
development of precision 
oncology in the coming 
years.

• The myriad technical 
choices available to a 
laboratory today can 
be reduced to a limited 
number of options once 
a few simple variables are 
understood.
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efficient clinical management, selection for 
investigational trials, or large-scale basic 
research? Is the need a subset of well-
characterized activating mutations, or should 
the analysis include copy number changes 
and rearrangements? Understanding those 

variables and, thereby, selecting appropriate 
techniques does not rely on detailed and 
complex understanding of arcane molecular 
biology but rather on traditional medical 
judgment and an understanding of the clini-
cal and scientific mission.
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■■ Introduction

In the 2015 State of the Union address, 
President Barack Obama called for a push 
toward personalized medicine.1 In the 
context of oncology, this can be broadly 
interpreted as the use of molecular profil-
ing tools to define treatment for individual 
patients. Personalized medicine is already 
well established in the treatment paradigm 
for specific targets in certain malignancies, 
such as lung and breast cancer. Patients 
with advanced lung cancer are frequently 
assessed for alterations in genes that code 
for epidermal growth factor receptor and 
anaplastic lymphoma kinase.2 Each of these 
alterations has specific therapeutic impli-
cations, with a targeted therapy available 
for either scenario. Molecular profiling has 
long been incorporated into the manage-
ment of all stages of breast cancer, for 
which characterization of estrogen recep-
tor, progesterone receptor, and human epi-
dermal growth factor receptor 2 may lead 
to personalized options for adjuvant ther-
apy and therapy for metastatic disease.3

Management of advanced bladder cancer 
represents a sharp contrast to the more 
sophisticated approach to breast and 
lung cancer. The current algorithm for 
the management of bladder cancer is a 
rather dichotomous decision of cisplatin 
or no cisplatin. Level 1 evidence supports 
the use of cisplatin-based chemotherapy 
regimens in the neoadjuvant setting and 
for front-line therapy of patients with 

metastatic disease.4,5 In the second-line 
setting and beyond, there are no US Food 
and Drug Administration–approved treat-
ment options. The National Comprehensive 
Cancer Network (NCCN) guidelines list 
a variety of cytotoxic regimens, such as 
pemetrexed, paclitaxel, and docetaxel, all 
of which are supported by phase II trials.6 
These trials showed minimal benefit, with 
progression-free survival and overall survival 
generally ranging from 3 to 6 months and 
6 to 9 months, respectively.7

The landscape of bladder cancer therapy, 
however, is evolving. There is accumulating 
evidence for the activity of programmed 
death-1 (PD-1) and programmed death-
ligand 1 (PD-L1) inhibitors, immuno-
therapeutic agents that reduce T-cell 
anergy.8,9 Gene expression profiles of 
bladder tumors suggest there are several 
prognostic gene signatures present,10,11 
which may predict benefit from systemic 
chemotherapy12 and may also predict 
response to immunotherapy.9 Furthermore, 
the fundamental biology represented by 
gene expression may provide a context for 
mutationally driven tumors. One example is 
the enhanced peroxisome proliferator-acti-
vated receptor-γ expression observed in the 
luminal subtype, which is also enriched for 
fibroblast growth factor receptor 3 (FGFR3) 
mutations.11 Several data sets also support 
the activity of specific targeted agents in 
a mutation-dependent context.13,14 This 
latter finding supports the recent recom-
mendation by the NCCN Bladder Cancer 

Key points

• In the context of 
oncology, this can be 
broadly interpreted as the 
use of molecular profiling 
tools to define treatment 
for individual patients. 

• Personalized medicine is 
already well established in 
the treatment paradigm 
for specific targets in 
certain malignancies, such 
as lung and breast cancer. 

• Patients with advanced 
lung cancer are frequently 
assessed for alterations 
in genes that code for 
epidermal growth factor 
receptor and anaplastic 
lymphoma kinase.

• Management of advanced 
bladder cancer represents 
a sharp contrast to the 
more sophisticated 
approach to breast 
and lung cancer. The 
current algorithm for 
the management of 
bladder cancer is a rather 
dichotomous decision of 
cisplatin or no cisplatin.
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Guidelines panel, which supports molecular 
profiling of advanced bladder cancer.

■■ Bladder cancer: a diverse molecular 
profile

The Cancer Genome Atlas Research 
Network has provided valuable insights 
into the genomic diversity of bladder 
cancer.10 In a series of 131 patients with 
pT2-4aNxMx disease, detailed genomic 
characterization revealed that up to 69% 
of patients had actionable therapeutic tar-
gets. The preponderance of these targets 
was in the phos-phatidylinositol 3-kinase 
(PI3K)/Akt/mammalian target of rapamy-
cin (mTOR) signaling pathway, which was 
found in 42% of patients in this series. 
Approximately 17% of patients had inac-
tivating mutations in PIK3CA, and 9% of 
patients had mutation or deletion of TSC1 
or TSC2. Other notable pathway alterations 
were in FGFR3, with activating mutations 
found in 17% of patients. Amplification 
of epidermal growth factor receptor and 
mutation or amplification of human epi-
dermal growth factor receptor 2 was seen 
in an equal proportion of patients (9% for 
both groups).

Ultimately, however, The Cancer Genome 
Atlas data reflects a cohort of patients with 
muscle-invasive bladder cancer. Among 
these patients, it is unclear how many 
will progress to metastatic disease, for 
which genomic profiling would theoreti-
cally be more relevant to clinical practice. 
Ross et al15 have reported outcomes from 
a cohort of 295 patients with advanced 
bladder cancer, of whom all were high 
grade and had advanced stage. The Clinical 
Laboratory Improvement Amendments–
certified platform in this experience interro-
gated 236 cancer-related genes, as well as 
47 introns and 19 rearrangements. In this 
series, all patients had at least one genomic 
alteration, with a mean of 6.4 genomic 
alterations per patient. The most common 
genomic alterations in this cohort were 
TP53 (55.6%), CDKN2A (34.2%), CDKN2B 

(26.8%), ARID1A (25.8%), MLL2 (23.4%), 
KDM6A (21.7%), FGFR3 (21.4%), and 
PIK3CA (20%). A subset of these altera-
tions were labeled actionable, in particular, 
those alterations for which an associated 
anticancer drug was approved by the US 
Food and Drug Administration or was in 
registered clinical trials. With this in mind, 
93% of patients in the cohort had at least 
one actionable mutation. Of note, the 
extent of sequencing may have implica-
tions for yield. In an analysis of 95 high-
grade urothelial carcinoma specimens from 
Memorial Sloan Kettering Cancer Center, 
interrogation of 15 oncogenes and tumor 
suppressor genes yielded mutations in just 
65% of patients.16

■■ Response to targeted therapies in 
mutation-defined cohorts

Several studies to date have identified a 
profound response to targeted therapies 
in subsets of patients that bear specific 
genomic alterations. An often-cited exam-
ple is a report from Iyer et al,14 in which 
14 patients with advanced bladder cancer 
who were enrolled on a trial of everolimus 
were analyzed for genomic alterations. 
Five patients were identified with muta-
tions in TSC1, a negative regulator the 
mTOR complex, and patients who bore 
these mutations derived varying degrees of 
clinical benefit from everolimus. A patient 
with mutation in both TSC1 and NF2, 
the latter also a regulator of the mTOR 
complex, had the most profound benefit, 
with a near complete response that lasted 
23 months. The observation of everolimus 
sensitivity in the context of an NF2 muta-
tion has also been made in a separate 
report.17

Compelling data has also been reported 
for FGFR3 antagonists. FGFR3 is thought 
to play a key role in bladder pathogenesis, 
and levels of the moiety seem to diminish 
in more advanced stages of the disease.13 
Early phase I trials of FGFR3 antagonists 
suggest objective response rates (partial 

Key points

• The Cancer Genome Atlas 
Research Network has 
provided valuable insights 
into the genomic diversity 
of bladder cancer.

• In a series of 131 patients 
with pT2-4aNxMx 
disease, detailed genomic 
characterization revealed 
that up to 69% of 
patients had actionable 
therapeutic targets. 

• The preponderance of 
these targets was in the 
phos-phatidylinositol 
3-kinase (PI3K)/Akt/
mammalian target of 
rapamycin (mTOR) 
signaling pathway, which 
was found in 42% of 
patients in this series.

• The Clinical Laboratory 
Improvement 
Amendments–certified 
platform in this experience 
interrogated 236 cancer-
related genes, as well 
as 47 introns and 19 
rearrangements.

• A subset of these 
alterations were labeled 
actionable, in particular, 
those alterations for which 
an associated anticancer 
drug was approved by 
the US Food and Drug 
Administration or was in 
registered clinical trials. 
With this in mind, 93% of 
patients in the cohort had 
at least one actionable 
mutation.

• Several studies to date 
have identified a profound 
response to targeted 
therapies in subsets of 
patients that bear specific 
genomic alterations.
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and complete responses) in 50% of 
patients, with the additional benefit of 
disease stabilization in many more patients 
with FGFR3 mutated urothelial cancer.13 
Most recently, Choudhury et al18 have 
reported clinical benefit with afatinib, an 
irreversible ErbB family inhibitor, in the con-
text of relevant mutations. In HER/ERRB3 
altered patients, a significant improvement 
in progression-free survival was observed 
(6.6 months vs. 1.4 months).

■■ Anticipated effect of recommendations 
for molecular profiling

NCCN recommendations for comprehen-
sive molecular profiling will likely broaden 
the scope of use of these diagnostic tests in 
patients with advanced bladder cancer. As 
a consequence, patients with salient altera-
tions, for example, TSC1 alteration, may be 
guided toward more rational therapies. The 
purist may suggest that randomized trials 
are necessary to demonstrate the benefit of 
this approach over cytotoxic therapy alone. 
In fact, such studies have been conducted 
in the setting of advanced lung cancer; 
however, similar trials are unlikely to be fea-
sible in advanced bladder cancer, a much 
less prevalent disease. The more abundant 
use of molecular profiling in the com-
munity will almost surely lead to greater 
identification of clinical trial candidates. 
Studies are currently ongoing to assess 
agents that abrogate signaling through 
FGFR3, CDKN2A, CREBBP, and EP300.19–21 
These are bladder cancer–specific trials; 
multiple other studies are ongoing in a 
histology-agnostic fashion. There is also 
emerging evidence that suggests that fac-
tors such as mutational load and intrinsic 
molecular subtypes may predict outcome 
with novel immune strategies, such as 
PD-1 and PD-L1 inhibition.22 Many novel 
genomic profiling platforms will ultimately 
be equipped to discern mutational load 
and, therefore, may serve a dual purpose: 
to identify single mutations that predispose 
to targeted therapy sensitivity and to iden-
tify a comprehensive mutational profile that 

could be associated with immunotherapy 
responsiveness.

Although many ongoing studies afford an 
opportunity to obtain molecular profiling in 
an investigational setting, these studies—
conducted largely at academic centers—are 
often inaccessible to the community-based 
oncologist. It is often a large expendi-
ture in terms of time and effort for the 
patient to pursue a consultation at an 
academic center, and the yield may be low 
if a relevant study is examining an infre-
quent molecular alteration. Broadening 
access to molecular profiling will allow for 
patients in the community to be screened 
pre-emptively for salient alterations and 
may facilitate a more fruitful interac-
tion between community and academic 
oncologists.

In conclusion, the noted recommenda-
tions from the NCCN panel will hopefully 
reconcile the apparent paradox that exists 
today—a push toward personalized medi-
cine, but a lack of support for the platforms 
that facilitate their use. As use of molecular 
profiling expands, more patients will be 
discovered to have potentially actionable 
mutations, many of whom may proceed to 
relevant clinical trials. Furthermore, use of 
newer cell-free or circulating tumor DNA 
platforms may facilitate mutational analysis 
in patients for whom tissue acquisition is a 
challenge.23 In this feed-forward loop, more 
robust enrollment in clinical trials could 
facilitate a broader spectrum of targeted 
therapeutic options for advanced bladder 
cancer. As previously noted, histology-
specific trials for molecular subsets of blad-
der cancer are emerging; however, there 
are also other opportunities, such as the 
National Cancer Institute Molecular Analy-
sis for Therapy Choice trial and other bas-
ket trials, which are histology agnostic and 
would allow for enrollment of patients with 
salient alterations.24

There is substantial evidence mounting 
for PD-1– and PD-L1–directed thera-
pies, and a vigorous debate surrounds 

Key points

• NCCN recommendations 
for comprehensive 
molecular profiling will 
likely broaden the scope 
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advanced bladder cancer.

• The purist may suggest 
that randomized trials are 
necessary to demonstrate 
the benefit of this 
approach over cytotoxic 
therapy alone.
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examining an infrequent 
molecular alteration.

• In conclusion, the noted 
recommendations from 
the NCCN panel will 
hopefully reconcile the 
apparent paradox that 
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toward personalized 
medicine, but a lack of 
support for the platforms 
that facilitate their use.

• As use of molecular 
profiling expands, more 
patients will be discovered 
to have potentially 
actionable mutations, 
many of whom may 
proceed to relevant 
clinical trials.
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the use of PD-L1 immunohistochemical 
assessment to identify appropriate patients 
for therapy.8,9,25 Data from the phase II 
assessment of atezolizumab hints at the 
potential use of mutational load as a pre-
dictor of response, furthering the argu-
ment for more widespread assessment of 

genomic profiles. Even with refinement of 
biomarker selection for checkpoint inhibi-
tion, there will remain a large proportion 
of nonresponders who require other novel 
therapies. To address this emerging popula-
tion, a paradigm shift toward personalized 
medicine may be in order.
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1. Kamat AM, Hahn NM, Efstathiou JA, Lerner SP,  
Malmström PU, Choi W, Guo CC, Lotan Y,  
Kassouf W. Bladder cancer. Lancet 
2016;388(10061):2796–2810.

■■ ERRATUM IN: Department of Error. [Lancet. 2016]. 
Bladder cancer is a complex disease associated with 
high morbidity and mortality rates if not treated opti-
mally. Awareness of haematuria as the major present-
ing symptom is paramount, and early diagnosis with 
individualised treatment and follow-up is the key to a 
successful outcome. For non-muscle-invasive bladder 
cancer, the mainstay of treatment is complete resec-
tion of the tumour followed by induction and mainte-
nance immunotherapy with intravesical BCG vaccine or 
intravesical chemotherapy. For muscle-invasive bladder 
cancer, multimodal treatment involving radical cystec-
tomy with neoadjuvant chemotherapy offers the best 
chance for cure. Selected patients with muscle-invasive 
tumours can be offered bladder-sparing trimodality 
treatment consisting of transurethral resection with 
chemoradiation. Advanced disease is best treated with 
systemic cisplatin-based chemotherapy; immunotherapy 
is emerging as a viable salvage treatment for patients in 
whom first-line chemotherapy cannot control the dis-
ease. Developments in the past 2 years have shed light 
on genetic subtypes of bladder cancer that might differ 
from one another in response to various treatments.

2. Gourd E. TERT mutations in urine could pre-
dict bladder cancer recurrence. Lancet Oncol 
2017;18(8):e443.

■■ TERT promoter mutations could be used as an early 
predictor for recurrence of urothelial bladder cancer, 
new research suggests.

3. Kouba EJ, Cheng L. Understanding the genetic 
landscape of small cell carcinoma of the urinary 
bladder and implications for diagnosis, prog-
nosis, and treatment: A review. JAMA Oncol 
2017;3(11):1570–1578.

■■ IMPORTANCE: Small cell carcinoma of the urinary 
bladder is a rare and aggressive neuroendocrine tumor 
of the urinary bladder. Although research has been 
performed since the first case was reported in 1981, 
most of our understanding of the disease treatments 

has been extrapolated from small cell carcinoma of 
the lung. However, current data on patient survival 
have been stagnant. OBSERVATIONS: With the advent 
of advanced molecular diagnostic methods, a new 
potential for understanding the origin and treatment of 
small cell carcinoma of the urinary bladder has become 
evident. Similar to published studies of small cell carci-
noma of the lung, collaborative efforts and accessible 
genome-phenome databases have partially elucidated 
the genomic landscape. With these efforts, additional 
potential areas of treatment, such as targeting driver 
mutations, immunotherapy, stem cell modulation, and 
novel drug candidates, have been identified. Moreover, 
identification of novel biomarkers and improved radio-
logical methods may complement our understanding 
of the course of disease relative to diagnosis, staging, 
prognosis, and response to treatment. Such early dis-
coveries have been facilitated with novel animal-based 
models. CONCLUSIONS AND RELEVANCE: The direc-
tion of investigation of small cell carcinoma of the 
urinary bladder using novel methods to understand the 
genomic landscape for new treatments remains prelimi-
nary. However, such studies are maturing and may fos-
ter clinical research, with opportunities to enhance the 
survival and health-related quality of life of individuals 
with this disease.

4. Adria Closa, Michaela Bowden, Anna Orsola, 
José Lloreta, Nuria Juanpere, Chensheng Willa 
Zhou, Joaquim Bellmunt, Eduardo Eyras. Differen-
tial expression of SRSF2 contribute to the splicing 
changes related to micropapillary variant histology 
in nonmuscle-invasive bladder cancer (NMIBC).  
J Clin Oncol 2018;36(Supl 15):e16520–e16520.

■■ BACKGROUND: Bladder cancer is the fifth most 
common cancer type in both sexes but more frequent 
in men, with an estimate of 79,030 new cases and 
16,870 deaths expected for 2017 in the US. Micropap-
illary bladder cancer (MPBC) is a variant histology of 
urothelial carcinoma that although rare, it is estimated 
to represent 0.01–2.2% of urothelial tumors, it is 
associated with poor outcomes. METHODS: We have 
evaluated the differential gene expression and splicing 
at genome-scale of a cohort of micropapillary and non-
micropapillary high-grade T1 bladder cancer samples of 
clinically annotated and prospectively followed patients. 
The FFPE samples were processed in the same way and 
RNA was sequenced with Illumina. Expression of tran-
scripts and genes was quantified using SALMON and 
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differential expression analysis of genes was analyzed 
with LIMMA. Analysis of alternative splicing events was 
performed with SUPPA, and enrichment analysis of 
binding sites for splicing factors with MOSEA. RESULTS: 
14 micropapillary and 54 non-micropapillary high-grade 
T1 bladder cancer were analyzed. We identified 11 
splicing factors differentially expressed in MPBC samples 
compared to non-micropapillary samples, with SRSF2 
being the most significant and showing upregulation in 
MPBC. Additionally, we detected a switch in the pattern 
of isoform expression in SRSF2 with 1 single isoform 
mainly expressed in MPBC, whereas 2 other isoforms 
were expressed in the non micropapillary. This isoform 
expression pattern was also different in normal bladder 
tissues from GTEX. Motif enrichment analysis identified 
a significant proportion of differentially spliced events 
associated with micropapillary with SRSF2 motifs. 
CONCLUSIONS: We have identified a deregulation of 
several splicing factors and alternative splicing events 
in association to micropapillary high-grade T1 blad-
der tumors. The largest expression change occured 
in SRSF2, which potentially explains the majority of 
skipping exon events of the splicing differences. Our 
analysis suggests a role for SRSF2 in determining the 
histological properties of bladder tumors at early stage, 
with potential clinical consequences.

5. Boya Deng, Jae-Hyun Park, Lili Ren, Poh Yin Yew, 
Kazuma Kiyotani, Tatjana Antic, Kelly O’Connor, 
Peter H. O’Donnell, Yusuke Nakamura. Correlation 
of CD8 lymphocytes in tumors and nonsynonymous 
mutational load with prognosis of bladder cancer 
patients treated with immune checkpoint inhibitors. 
J Clin Oncol 2018;36(Supl 15):e16529–e16529.

■■ BACKGROUND: Bladder cancer is the fourth most 
common cancer in males and the 11th most common 
in females, with a projected 81,190 new cases and 
17,240 deaths in the USA in 2018. Anti-PD1 checkpoint 
inhibitors have recently demonstrated effectiveness 
against metastatic cancers including urothelial carci-
noma. This study was designed to better understand 
the molecular mechanisms of response to immune 
checkpoint inhibitor therapy. METHODS: In order to 
identify biomarkers/factors that correlate with the 
clinical response in advanced bladder cancer patients 
who received immune checkpoint inhibitor treat-
ment, we investigated tumors from 18 bladder cancer 
patients who had received anti-PD1 (pembrolizumab) 
or anti-PD-L1 therapy (atezolizumab or durvalumab), 

and performed exome analysis, T-cell receptor (TCR) 
sequencing of the tumor-infiltrating lymphocytes (TILs) 
and immunohistochemical analysis of CD8 and PD-L1 in 
cancer tissues. RESULTS: Immunohistochemical analysis 
of bladder cancer tissues demonstrated that a higher 
number of CD8 T cell infiltration into cancer tissues 
was significantly associated with longer cancer-specific 
survival of the patients (P = 0.0012). T cell receptor 
beta (TCRB) sequencing of TILs using genomic DNAs 
extracted from the tissues from 15 cases revealed that 
patients with higher clonal expansion of TILs had some 
tendency of longer cancer-specific survival (P = 0.055), 
compared with those with lower clonal expansion. 
We performed whole exome sequencing of 14 cases 
and found that patients carrying higher numbers of 
somatic mutations received greater benefit from immu-
notherapy (P = 0.034) and one patient who had high 
microsatellite instability has survived for 1034 days. 
CONCLUSIONS: CD8 infiltration in tumors and non-
synonymous mutation load might be useful predictive 
markers for immune checkpoint inhibitors for bladder 
cancer patients.

6. Ming Yin, Petros Grivas, Siraj Mahamed Ali, 
Joann Hsu, Monali K. Vasekar, Hamid Emamekhoo, 
Sumanta K. Pal, Monika Joshi. Prognostic value 
of genomic alterations of DNA repair genes in 
advanced bladder cancer (ABC). J Clin Oncol 
2018;36(Supl 15):4536–4536.

■■ BACKGROUND: DNA repair defect plays an impor-
tant role in tumorigenesis, progression, treatment 
response and outcomes of BC. There is conflict-
ing data on the prognostic & predictive role of DDR 
gene alterations in ABC patients (pts) treated with 
platinum-based chemotherapy (Teo et al. ASCO 2017; 
Mendiratta et al. GU ASCO 2018). Thus, further vali-
dation is needed to understand prognostic implica-
tions of DDR genomic alterations in ABC. METHODS: 
Exome sequencing data were obtained from 81 ABC 
pts who received comprehensive genomic sequenc-
ing using FoundationOne (315 cancer-related genes). 
Overall survival (OS) was measured from time of initial 
diagnosis and metastasis-related survival (MRS) was 
measured from time of metastatic diagnosis to death 
or last follow-up. Cox proportional hazard regression 
analysis was performed to calculate the hazard ratio 
(HR) and 95% confidence interval (CI). RESULTS: In 
a panel of 28 DDR genes, mutations were present in 
74.1% pts (60/81) with18.5% pts carrying mutations 
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in ≥3 DDR genes. Overall, mutations of DDR genes 
were not significantly associated with OS (HR = 0.76, 
95% CI 0.41–1.43, p = 0.397) or MRS (HR = 0.57, 
95% CI 0.30–1.08, p = 0.084). Further evaluation 
showed that most DDR mutations (excluding ATM/
RB1) were associated with longer OS (HR = 0.49, 95% 
CI 0.27–0.87, p = 0.015) and longer MRS (HR = 0.39, 
95% CI 0.21–0.70, p = 0.002), while mutations of 
ATM/RB1 genes were associated with shorter OS (HR 
1.87, 95% CI 0.97–3.59, p = 0.06) but not MRS. There 
was a trend for longer OS and MRS with increased 
number of DDR mutations in individual pts. Pts carry-
ing ≥3 DDR mutations (excluding ATM/RB1) seemed 
to have the best prognosis in our cohort (OS: HR 0.36, 
95% CI 0.14–0.92, p = 0.03; MRS: HR 0.20, 95% 
CI 0.07–0.56, p = 0.002). CONCLUSIONS: Most DDR 
mutations correlated with improved clinical outcomes in 
ABC pts. However, ATM/RB1 mutations correlated with 
poor prognosis. Pts carrying ≥3 DDR (excluding ATM/
RB1) mutations had the best prognosis. Further explora-
tion of the deleterious nature and impact of alterations 
as well as further external validation are critical. Clinical 
trials evaluating synthetic lethality with DDR inhibitors 
are ongoing.

7. Hideki Furuya, Yunfeng Dai, Kanani Hokutan, Yair 
Lotan, Charles Joel Rosser. A novel, robust multiplex 
urine-based immunoassay for bladder cancer detec-
tion. J Clin Oncol 2018;36(Supl 15):4537–4537.

■■ BACKGROUND: Bladder cancer (BCa) is among the 
most commonly diagnosed malignancies worldwide, 
and due the high rate of post-operative disease recur-
rence, it is one of the most prevalent in many countries. 
The development of non-invasive molecular assays that 
can accurately detect and monitor BCa would be a 
major advance, benefiting both patients and healthcare 
systems. We have previously identified a urinary protein 
biomarker panel that is being developed for applica-
tion in at-risk patient cohorts. Here, we investigated 
the potential utility of the multiplex assay in a prospec-
tive study. METHODS: The study cohort collected from 
urology clinics at two institutions was comprised of 
a total of 145 subjects. The protein biomarker panel 
(IL8, MMP9, MMP10, ANG, APOE, SDC1, A1AT, PAI1, 
CA9, VEGFA) was monitored in voided urine samples 
collected prior to cystoscopy using a custom multi-
plex ELISA assay. The diagnostic performance of the 
biomarker panel was assessed using receiver opera-
tor curves (ROC), predictive modeling and descriptive 

statistics. RESULTS: Urinary biomarker concentrations 
were significantly elevated in cases versus controls, and 
in cases with high-grade and muscle-invasive tumors. 
The AUC for the 10-biomarker assay was 0.901 (95% 
confidence interval, 0.850–0.934), with an overall diag-
nostic sensitivity specificity of 0.90 and 0.91, respec-
tively. CONCLUSIONS: Urinary levels of a 10-biomarker 
panel enabled discrimination of patients with BCa. The 
multiplex urinary diagnostic assay will continue in pro-
spective study.

8. Gregory M. Mayhew, Yoichiro Shibata, Jianping 
Sun, Charles M. Perou, David N. Hayes, Myla Lai-
Goldman, Hawazin Faruki. Bladder cancer gene 
expression subtypes (60 gene signature) to define 
prognosis, differential immune response, and bio-
marker associations. J Clin Oncol 2018;36(Supl 15): 
4538–4538.

■■ BACKGROUND: Gene expression subtypes provide 
valuable insight into tumor biology and potential thera-
peutic response. Differential expression of immune infil-
trating cells and biomarkers, tumor mutation burden, 
therapeutic targets, and overall survival were examined 
in Muscle Invasive Bladder Cancer (MIBC) subtypes, 
luminal, luminal infiltrated, basal, and neuronal. 
METHODS: Multiple MIBC datasets were assembled 
including TCGA (n = 408) and 2 other gene expres-
sion datasets (n = 305, n = 93). A reduced 60-gene 
subtyping signature was developed and subtype calls 
were compared to TCGA clustering. Signatures of mul-
tiple immune cells, single immune-biomarkers, drug 
target genes, proliferation, and mutation burden were 
examined for differential expression using the Kruskal-
Wallis test. Differences in gene mutation distributions 
were evaluated using Fisher’s exact test. Survival differ-
ences were assessed using stratified cox models and 
Kaplan Meier plots. RESULTS: Immune cell expression 
was significantly different across the subtypes in mul-
tiple datasets (T cells p < 0.001 and CD274 (PD-L1) 
p < 0.002). The luminal subtype as compared to other 
subtypes showed lower immune expression for most 
markers. In the TCGA dataset, drug target genes were 
differentially expressed (FGFR2, FGFR3, and ERBB2 
p < 1e-05), as was proliferation (p < 1e-20), and pat-
terns were reproducible across datasets, with luminal 
and luminal-infiltrated subtypes showing higher expres-
sion of FGFR2, FGFR3, and ERBB2 and lower prolifera-
tion. Mutation frequencies of FGFR3 and RB1 varied 
across subtypes (p = 1e-05 and p = 0.0005), whereas 
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mutation burden did not (p = 0.16), despite marked 
differences in immune infiltration. In the TCGA data-
set, significant differences in survival were observed 
(p = 0.0385 adjusting for stage), with luminal and 
luminal-infiltrated, as defined by the 60 gene signa-
ture, showing better survival and basal worse survival. 
CONCLUSIONS: Biologic gene expression subtypes of 
MIBC using a reduced 60-gene signature reveal key 
differences in prognosis, immune cell expression, and 
drug targets. Subtypes provide potential biomarkers for 
targeted and immunotherapy response.

9. Vadim S. Koshkin, Andrew Dhawan, Ming Hu, 
Jordan Reynolds, Paul Elson, Jesse McKenney,  
Laura R. Saunders, Kumiko Isse, Summya Rashid, 
Aysegul Balyimez, Moshe Chaim Ornstein,  
Timothy D. Gilligan, Byron Lee, Jacob Gardinier 
Scott, Brian I. Rini, Jorge A. Garcia, Petros Grivas, 
Omar Y. Mian. Correlation between gene expression 
and prognostic biomarkers in small cell bladder can-
cer (SCBC). J Clin Oncol 2018;36(Supl 15): 4546–4546.

■■ BACKGROUND: SCBC is a rare malignancy with 
poorly understood biology. TCGA data in BC under-
scores the presence of a neuronal subtype possibly 
misclassified by conventional histopathology. Increased 
small cell component (SC%) and protein expression 
(expr) of DLL3 and CD56 were previously shown to cor-
relate with worse outcomes in SCBC. The association 
of gene expr data with available biomarkers has poten-
tial to improve risk stratification and inform treatment 
decisions. METHODS: 63 patients (pts) at Cleveland 
Clinic diagnosed between 1993 and 2015 had SCBC 
histology independently reconfirmed. All pts had SC% 
quantified and 52 pts had immunohistochemistry (IHC) 
for DLL3 and CD56. A further subset of 39 pts had 
gene expr analysis using HTG EdgeSeq OBP. Expr of 
genes relevant in neuroendocrine tumors was evalu-
ated with a panel including CHGA, DLL1, DLL3, DLL4, 
ENO1, HES1, HES5, HEY1, NCAM1, NOTCH1, NOTCH2, 
NOTCH4, RB1, SYP, and TP53. Associations between 
DLL3 and CD56 protein expr, SC%, and expr of relevant 
genes were assessed to identify biomarkers pertinent to 
molecular diagnostics (Spearman correlation, p < 0.05). 
Using these as seed-genes in a network-based 
approach we sought to develop a prognostic gene 
expression signature in SCBC. RESULTS: Among 52 pts 
with IHC data, 79% had SC% > 50%, and protein expr 
of DLL3 and CD56 ( > 1% of tumor cells) was 68% 

and 81%, respectively. DLL3 protein expr correlated 
positively with mRNA expr of DLL3 (r = 0.70), CHGA 
(r = 0.55), DLL4 (r = 0.45), and negatively with NOTCH1 
(r = −0.47), RB1 (r = −0.48) and ENO1 (r = −0.34). 
CD56 protein expr correlated positively with mRNA expr 
of NCAM1 (r = 0.61), DLL4 (r = 0.38), HEY1 (r = 0.42) 
and SYP (r = 0.34) and negatively with NOTCH1 
(r = −0.34) and HES5 (r = −0.35). SC% correlated 
positively with DLL3 (r = 0.38) and NCAM1 (r = 0.41) 
and negatively with HES1 (r = −0.34). CONCLUSIONS: 
Expression of genes implicated in the pathophysiology 
of SC tumors correlated with protein expr of DLL3, 
CD56 and SC%, which were previously shown to be 
prognostic in SCBC. This supports a prognostic role for 
a novel gene expr signature in SCBC. Multi-institutional 
validation of this signature in external BC cohorts as 
well as comparison with BC TCGA and SC lung cancer 
datasets are ongoing.

10. Jasmine Pettiford, Summya Rashid, Aysegul 
Balyimez, Tomas Radivoyevitch, Vadim S. Koshkin, 
Daniel J. Lindner, Yvonne Parker, Mark L. Day, 
Kathleen C. Day, Scott Tomlins, Nouri Neamati, 
Brendan Veeneman, Guadalupe Lorenzatti Hiles, 
Philip Palmbos, Byron Lee, Petros Grivas, Omar Y. 
Mian. Identification of gene expression determi-
nants of radiosensitivity in bladder cancer (BC) cell 
lines. J Clin Oncol 2018;36(Supl 15):e16507–e16507.

■■ BACKGROUND: BC is heterogeneous and associ-
ated with high recurrence rate after definitive treat-
ment. Biomarkers to help select patients with muscle 
invasive BC appropriate for organ preservation with 
chemoradiation are needed. METHODS: We character-
ized 20 primary BC cell lines, all verified by genomic 
fingerprinting. Molecular characterization of cell lines 
has been reported, including mutation analysis, CNA 
(high density SNP arrays) and gene expression (RNAseq). 
We performed radiosensitivity screening using 2 meth-
ods: cell survival using colony forming assay (CFA) 
and high throughput cell proliferation using Cell Titer 
Glo (CTG) following treatment with 0, 2, 4, 6, and 
8 Gy, single fraction gamma radiation (fixed source 
Cs 137, Shephard irrad, 125 cGy/min). Area under 
the survival/proliferation curves (AUC) was calculated 
and R was used to determine significant associations 
between radiation response and gene expression 
(RNAseq). Gene set enrichment analysis (GSEA) and 
Ingenuity pathway analysis (IPA) were performed to 
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identify biologically relevant networks contributing to 
differential radiation response. RESULTS: Of the 20 cell 
lines, CFA data was successfully obtained for 10 lines 
and CTG data for 13 lines. 11 lines had both high dose 
rate (HDR) and low dose rate (LDR) CTG data. AUCs 
for the CFA curves ranged 1.71–3.08; 4.03–8.36 for 
HDR CTG; and 2.95–7.15 for LDR CTG. RNAseq iden-
tified 18,634 unique transcripts mapping to distinct 
loci. 174 genes with mean FPKM > 0.5 and correlation 
p values < 0.01 with AUC values from CFAs were iden-
tified. These genes were strongly enriched for member-
ship in the peroxisome proliferator (PPAR) pathway (IPA, 
p 8.67E-05) and Toll-like receptor (TLR) signaling path-
way (IPA, p = 2.45E-5). Similarly, GSEA demonstrated 
enrichment for the TLR pathway (P = 3.37E-03, FDR 
1.16E-01). CONCLUSIONS: In vitro BC radiosensitivity 
was associated with significant baseline gene expres-
sion differences between cell lines. The PPAR pathway, 
including PPAR alpha and gamma, and TLR pathway 
demonstrated strong association with differential 
response to radiation and are novel candidate biomark-
ers for further validation and mechanistic studies in BC 
radiosensitivity.

11. Jason Ablat, Theresa M. Koppie, Trevor Levin, 
Carly King, Kevin Phillips, Martha Evans-, James E.  
Korkola, Peter C. Black. Clinical validation of an 
ultra-deep next generation DNA sequencing 
approach for the detection of bladder cancer in the 
urine. J Clin Oncol 2018;36(Supl 15):e16515–e16515.

■■ BACKGROUND: Currently available bladder cancer 
(BCa) urine tests suffer from poor sensitivity, specificity 
and limited insight on disease classification. We have 
developed an assay to identify bladder tumor associ-
ated mutations in urine using broad and ultra-deep 
next generation DNA sequencing of over 100,000 
genomic loci. In a cohort of patients from a variety of 
urologic practice settings, we aimed to describe the 
sensitivity and specificity of this assay in the detection 
of BCa. METHODS: Urine samples and clinical data for 
114 patients were collected from three outpatient urol-
ogy practices and two academic urology centers. Of the 
114 patients, 48 patients had active BCa, and 66 did 
not. Tumor grade distribution was 33 high grade, 13 
low grade, and 2 unknown. Stage distribution among 
the 48 BCa patients was Ta (n = 19), TIS (n = 1), T1 
(n = 5), > T2 (n = 20), Tx (n = 3). Of the 66 patients 
without BCa, most had GU diagnoses and previous 

cancer histories (non-BCa), including BPH, hematuria, 
urinary tract symptoms, kidney stones and prostatitis. 
Twenty patients had previous or concurrent cancer diag-
noses (non-BCa). DNA was extracted and sequenced on 
a HiSeq 2500. Sequencing data was run through a pre-
viously validated algorithm, which classified samples as 
positive or negative. RESULTS: In this patient cohort, our 
assay achieved a sensitivity of 93%, specificity of 89%, 
and an incidence adjusted negative predictive value 
of 99% for detection of BCa. Interestingly, false posi-
tives were most common in patients with concurrent or 
previous cancer histories. Mutational profiles predicted 
tumor grade with 80% accuracy. In a select cohort of 
longitudinally tracked patients, 9 of whom ultimately 
developed BCa, our test demonstrated a 3–9 month 
lead time over cystoscopy in 5 patients with minimally 
residual or occult disease. CONCLUSIONS: We describe 
the clinical validation of a urine-based, next genera-
tion DNA sequencing assay in the detection of bladder 
BCa. Our data further demonstrate potential utility in 
molecular grading, as well as the prediction of future 
BCa recurrence. Multiple retrospective and prospective 
studies are underway to further validate clinical validity 
and utility in other GU cancers.

12. Apostolia Maria Tsimberidou, David S. Hong, 
Jennifer J. Wheler, Gerald Steven Falchook, Aung 
Naing, Siqing Fu, Sarina Anne Piha-Paul, Filip Janku, 
Carrie Cartwright, Russell Broaddus, Graciela M. 
Nogueras-Gonzalez, Patrick Hwu, Razelle. Precision 
medicine: Clinical outcomes including long-term 
survival according to the pathway targeted and 
treatment period–The IMPACT study. J Clin Oncol 
2018;36(Supl 15):LBA2553–LBA2553.

■■ BACKGROUND: We evaluated the impact of pathway 
targeted and long-term follow-up of patients (pts) with 
refractory cancers referred to phase I trials. METHODS: 
Pts referred to our program (2007–2013) had CLIA 
molecular testing. Pts treated with matched targeted 
therapy (MTT) vs. non-matched therapy (NMT) were 
analyzed. RESULTS: Of 3,743 pts who had testing, 
1,307 had ≥1 alteration and received therapy (MTT 
711, NMT 596): med. age 57 yrs, range 16–86; 39% 
men; med. no. of prior therapies 4, range 0–16. The 
most common tumors were gastrointestinal 24.2%, 
gynecologic 19.4%, breast 13.5%, melanoma 11.9%, 
and lung 8.7%. Targeting MEK/RAF and RET pathways 
correlated with higher rates of CR/PR/SD ≥ 6 months 
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(mos), PFS and OS compared to others (all P < .001) 
(Table). Plateau was noted in OS (start, 38 mos): 74 
of 711 (10.4%) in the MTT (max 10.7+ yrs) vs. 24 of 
596 (4%) in the NMT (max 6 yrs) group were alive (p 
< .0001). In the MTT group, factors predicting longer 
PFS were non-PI3K pathway MTT (p < .001), no liver 
metastases (p < .001), PS < 2 (p = .006), normal LDH 
(p < .001) and albumin (p = .01) levels, and non-single 
agent therapy (p = .02). Factors predicting longer 
OS were non-PI3K pathway MTT (p < .001), no liver 
metastases (p < .001), PS < 2 (p < .001), normal LDH 
(p < .001) and albumin (p = .001) levels, and normal 
PLT counts (p = .03). CONCLUSIONS: Outcomes were 
superior in pts matched to RET and MEK/RAF inhibitors. 
Factors predicting longer PFS and OS were identified. In 
the MTT group, 10.4% of patients had OS ≥ 38 mos, 
the plateau starting point.

13. Miyamoto DT, Mouw KW, Feng FY, Shipley WU, 
Efstathiou JA. Molecular biomarkers in bladder 
preservation therapy for muscle-invasive bladder 
cancer. Lancet Oncol 2018;19(12):e683–e695.

■■ Although muscle-invasive bladder cancer is commonly 
treated with radical cystectomy, a standard alternative 
is bladder preservation therapy, consisting of maximum 
transurethral bladder tumour resection followed by 
radiotherapy with concurrent chemotherapy. Although 
no successfully completed randomised comparisons are 
available, the two treatment paradigms seem to have 
similar long-term outcomes; however, clinicopathologic 
parameters can be insufficient to provide clear guidance 
in the selection of one treatment over the other. Recent 
advances in the molecular understanding of bladder 
cancer have led to the identification of new predictive 
biomarkers that ultimately might help guide the tailored 
selection of therapy on the basis of the intrinsic biology 
of the tumour. In this Review, we discuss the existing 
evidence for molecular alterations and genomic signa-
tures as prognostic or predictive biomarkers for bladder 
preservation therapy. If validated in prospective clinical 
trials, such biomarkers could enable the identification 
of subgroups of patients who are more likely to benefit 
from one treatment over another, and guide the use of 
combination therapies that include other modalities, 
such as immunotherapy, which might act synergistically 
with radiotherapy.

14. Peyton CC, Tang D, Reich RR, Azizi M, 
Chipollini J, Pow-Sang JM, Manley B, Spiess PE, 
Poch MA, Sexton WJ, Fishman M, Zhang J, 
Gilbert SM. Downstaging and survival outcomes 
associated with neoadjuvant chemotherapy regi-
mens among patients treated with cystectomy 
for muscle-invasive bladder cancer. JAMA Oncol 
2018;4(11):1535–1542.

■■ IMPORTANCE: Neoadjuvant chemotherapy (NAC) 
followed by radical cystectomy improves survival com-
pared with cystectomy alone for patients with blad-
der cancer. Although gemcitabine with cisplatin has 
become a standard NAC regimen, a dose-dense com-
bination of methotrexate, vinblastine, doxorubicin, and 
cisplatin (ddMVAC) is being adopted at some institu-
tions. OBJECTIVE: To assess the association of neoadju-
vant ddMVAC vs. standard regimens with downstaging 
and overall survival among patients treated with radi-
cal cystectomy for bladder cancer. DESIGN, SETTING, 
AND PARTICIPANTS: Cross-sectional analysis of data 
extracted from the medical records of a consecutive 
sample, after exclusions, of 1113 patients with bladder 
cancer of whom 824 had disease stage T2 or greater, 
who were treated with cystectomy at the Moffitt 
Cancer Center in Tampa, Florida, a tertiary care cancer 
center, between January 1, 2007, and May 31, 2017. 
Data were collected between November 14, 2016, and 
July 21, 2017, and analyzed between August 21, 2017, 
and December 8, 2017. Patients were compared based 
on type of NAC. Those who did not receive NAC were 
included as controls. MAIN OUTCOMES AND MEAS-
URES: Comparative rates and the association of any 
downstaging, complete response, and overall survival 
with ddMVAC and other NAC regimens and surgery 
alone. Outcomes were examined using Kaplan-Meier, 
adjusted logistic, Cox regression, and propensity-
weighted models. RESULTS: Of the 1113 patients who 
underwent cystectomy for bladder cancer, 861 (77.4%) 
were male, the median (interquartile range) age was 
67 (60–74) years, 1051 (94.4%) were white, 27 (2.4%) 
black, 37 (3.3%) Hispanic/Latino, and 35 (3.1%) other 
race/ethnicity. Of 824 patients with muscle-invasive 
bladder cancer, 332 (40%) received NAC. Down-
staging rates were 52.2% for ddMVAC, 41.3% for 
gemcitabine-cisplatin, and 27.0% for gemcitabine with 
carboplatin, and complete response (pT0N0) rates were 
41.3% for ddMVAC, 24.5% for gemcitabine-cisplatin, 
and 9.4% for gemcitabine-carboplatin (2-sided 
P < .001). Adjusted analysis comparing ddMVAC with 
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gemcitabine-cisplatin demonstrated a higher likeli-
hood of downstaging (odds ratio [OR], 1.84; 95% CI, 
1.10–3.09) and complete response (OR, 2.67; 95% 
CI, 1.50–4.77) with ddMVAC. Similar results were 
achieved with propensity score matching (OR, 1.52; 
95% CI, 0.99–2.35). Patients who received ddMVAC 
had better overall survival than those treated with other 
chemotherapy regimens, although the observed survival 
benefit did not reach statistical significance in adjusted 
or propensity-matched models (hazard ratio, 0.44; 
95% CI, 0.14–1.38; P = .16). CONCLUSIONS AND REL-
EVANCE: This study suggest that neoadjuvant ddMVAC 
followed by cystectomy is associated with a higher 
complete response (ypT0N0) rate than standard NAC. 
These data highlight and suggest the need to further 
investigate ddMVAC vs. standard NAC in a prospective, 
randomized fashion.

15. Dudley JC, Schroers-Martin J, Lazzareschi DV, 
Shi WY, Chen SB, Esfahani MS, Trivedi D, Chabon JJ,  
Chaudhuri AA, Stehr H, Liu CL, Lim H, Costa HA, 
Nabet BY, Sin MLY, Liao JC, Alizadeh AA, Diehn M. 
Detection and surveillance of bladder cancer 
using urine tumor DNA. Cancer Discov 2018. 
pii: CD-18-0825.

■■ Current regimens for the detection and surveillance of 
bladder cancer (BLCA) are invasive and have suboptimal 
sensitivity. Here, we present a novel high-throughput 
sequencing (HTS) method for detection of urine tumor 
DNA (utDNA) called utDNA CAPP-Seq (uCAPP-Seq) 
and apply it to 67 healthy adults and 118 patients 
with early-stage BLCA who either had urine collected 
prior to treatment or during surveillance. Using this 
targeted sequencing approach, we detected a median 
of 6 mutations per BLCA patient and observed surpris-
ingly frequent mutations of the PLEKHS1 promoter 
(46%), suggesting these mutations represent a use-
ful biomarker for detection of BLCA. We detected 
utDNA pre-treatment in 93% of cases using a tumor 
mutation-informed approach and in 84% when blinded 
to tumor mutation status, with 96–100% specificity. In 
the surveillance setting, we detected utDNA in 91% of 
patients who ultimately recurred, with utDNA detec-
tion preceding clinical progression in 92% of cases. 
uCAPP-Seq outperformed a commonly used ancillary 
test (UroVysion, p = 0.02) and cytology and cystoscopy 
combined (p is less than or equal to 0.006), detecting 
100% of BLCA cases detected by cytology and 82% 

that cytology missed. Our results indicate that uCAPP-
Seq is a promising approach for early detection and 
surveillance of BLCA.

16. Teo MY, Rosenberg JE. Refining existing knowl-
edge and management of bladder cancer. Nat Rev 
Urol 2018.

■■ For the management of bladder cancer, 2018 has 
been characterized by deepened knowledge on the 
molecular basis of invasive bladder cancer and its 
potential interaction with existing therapies, optimiza-
tion of the use of immune checkpoint inhibitors, and 
emerging early signals on new therapeutic classes 
for advanced disease. KEY ADVANCES: The Cancer 
Genome Atlas performed a comprehensive characteri-
zation of muscle-invasive bladder cancer (MIBC) in a 
large cohort and proposed a framework of molecular 
subtypes with potential therapeutic approaches to 
inform future clinical trial design. The phase III RAZOR 
trial reported noninferior 2-year progression-free 
survival between robot-assisted radical cystectomy 
and open radical cystectomy. The phase II PURE-01 
study reported that patients with MIBC and high pro-
grammed cell death 1 ligand 1 (PD-L1) expression had 
the highest response rates to neoadjuvant pembroli-
zumab, warranting further evaluation in larger cohorts. 
The phase III IMvigor211 trial did not report an overall 
survival benefit with atezolizumab over cytotoxic chem-
otherapy in locally advanced or metastatic urothelial 
carcinoma. Preliminary phase II findings demonstrated 
the efficacy of the fibroblast growth factor receptor 
3 (FGFR3) inhibitor erdafitinib in metastatic urothelial 
cancer, leading to FDA Breakthrough Therapy Status for 
this drug.

17. Kawashima A, Kanazawa T, Jingushi K, Kato T,  
Ujike T, Nagahara A, Fujita K, Morimoto- 
Okazawa A, Iwahori K, Uemura M, Imamura R, 
Wada H, Nonomura N. Phenotypic analysis of tumor 
tissue-infiltrating lymphocytes in tumor microen-
vironment of bladder cancer and upper urinary 
tract carcinoma. Clin Genitourin Cancer 2018. 
pii: S1558–7673(18)30245-3.

■■ BACKGROUND: There are no previous reports directly 
evaluating immunologic conditions in tumor micro-
environment including both bladdercancer (BCa) and 

ASCO Bladder-2019-V1.indb   47 3/11/2019   2:34:51 PM



48

Influential Papers

upper urinary tract carcinoma (UTUC). In this study, 
we aimed to clarify the difference of immunity status 
and its clinical significance depending on the tumor 
site in urothelial carcinoma. PATIENTS AND METHODS: 
Tumor tissue-infiltrating lymphocytes were extracted 
from 70 urothelial cancer patients who underwent 
surgical resection (52 cases of BCa and 18 cases of 
UTUC). The immunologic classification was established 
by unsupervised clustering analysis according to the 
expression ratio of 9 extracellular surface markers meas-
ured by flow cytometry, and we examined the relation-
ship between immunologic classification and clinical 
importance such as pathologic status and prognosis 
(progression-free survival and cancer-specific survival). 
RESULTS: The immunologic condition was classified into 
2 groups. Group 1 (n = 41) comprised the CD4 T-cell-
dominant group and group 2 (n = 29) the immunologi-
cally activated group. This immunologic classification 
was significantly correlated with tumor grade (P = .020) 
but not tumor location in multivariate analysis. In inva-
sive BCa patients (n = 33), progression-free survival and 
cancer-specific survival of group 2 were significantly 
worse than those of group 1 (P = .021 and P = .022, 
respectively), while there was no significant difference 
between groups 1 and 2 in patients with invasive UTUC 
(n = 17). CONCLUSION: Although there was no differ-
ence in the local immunologic condition of urothelial 
carcinoma between BCa and UTUC, its significance 
as a prognostic predictor might vary depending on 
tumor site.

18. Li Y, Yang K, Li K, Liu H, Zhao S, Jiao M, Fu X. 
Clinical and molecular characteristics of bladder 
urothelial carcinoma subtypes. J Cell Biochem 2018.

■■ Bladder urothelial carcinoma (BLCA) is a common 
malignancy with high heterogeneity. A reasonable 
molecular subtyping can facilitate biological study and 
personalized therapy of BLCA. In this study, unsuper-
vised consensus clustering was used to acquire the 
molecular subtypes of BLCA based on messenger RNA 
(mRNA) and microRNA (miRNA) data. Gene signature 
markers and canonical signaling pathways were com-
pared between different subtypes. The Database for 
Annotation, Visualization and Integrated Discovery 
(DAVID) was used for the functional annotation of 
overexpressed genes in different subtypes for Gene 
Ontology (GO) terms and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathways. Three molecular 

subtypes were identified including C1 (luminal-P53 
like), C2 (luminal-other), and C3 (basal-immune-
squamous). C2 was different from C1 and C3 in clinical 
characteristics, including younger, better prognosis, 
and a higher proportion of papillary, Asian, low-grade, 
early-stage, lymph node negative, and complete remis-
sion patients (P < 0.05). Three molecular subtypes also 
showed distinct mRNA and miRNA expression patterns. 
Luminal and P53-like markers were highly expressed 
in subtype C1, luminal markers were highly expressed 
in subtype C2, and basal, EMT/claudin-low, immune 
and squamous-differentiation markers were highly 
expressed in subtype C3. In addition, highly expressed 
genes in C1 were involved in extracellular signal trans-
duction and cell-cellinteraction, highly expressed genes 
in C2 were associated with oxygen transport, energy 
and steroid metabolism, and highly expressed genes in 
C3 were related with inflammatory, immune, cytokine, 
and signal transduction. BLCA in different molecular 
subtypes showed different clinical and molecular 
characteristics and personalized therapy needed to be 
adopted according to the molecular subtypes.

19. Wang B, Pan W, Yang M, Yang W, He W, Chen X, 
Bi J, Jiang N, Huang J, Lin T. Programmed death 
ligand-1 is associated with tumor infiltrating lym-
phocytes and poorer survivalin urothelial cell carci-
noma of the bladder. Cancer Sci 2018.

■■ Drugs blocking programmed death ligand-1 (PD-L1) 
have shown unprecedented activity in metastatic 
and unresectable bladder cancer. The purpose of the 
present study was to investigate the expression, clini-
cal significance and association of PD-L1 with tumor-
infiltrating lymphocytes (TIL) in resectable urothelial 
cell carcinoma of the bladder (UCB). In this retrospec-
tive study, 248 UCB patients who received radical 
cystectomy or transurethral resection were examined. 
Immunohistochemistry was used to evaluate PD-L1 
expression and stromal CD8+ TIL, Th1 orientation T 
cell (T-bet+) and PD-1+ TIL densities within the intra-
tumoral regions and associated stromal regions. Of 
the 248 specimens, 23% showed PD-L1 expression 
in tumor cells and 55% in tumor-infiltrating immune 
cells. CD8+ TIL, T-bet+ TIL and PD-1+ TIL were distrib-
uted throughout the tumor tissues and were more 
frequently distributed in stromal regions than in 
intratumoral regions. PD-L1+ tumor cells and PD-L1+ 
immune cells were positively associated with aggressive 
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clinical features (all P < .05). Both PD-L1+ tumor cells 
and PD-L1+ immune cells were associated with poorer 
recurrence-free and overall survival (all P < .05). Mul-
tivariate analysis showed that PD-L1+ immune cells 
were an independent prognostic factor for overall 
(P = .001) and recurrence-free survival (P = .024). Nota-
bly, high stromal CD8+ TIL and PD-1+ TIL density were 
associated with poorer overall survival (P = .031 and 

P = .001, respectively). In the stroma, CD8+ TIL density 
has strong positive association with PD-L1+ immune 
cells and PD-1+ TIL density (all P < .0001). These results 
suggested that an exhausted immune state occurred in 
the tumor stroma in UCB. Further clinical development 
of immune-checkpoint inhibitors may be effective for 
resectable patients with UCB.
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■■ Mrinal M. Gounder; David M. Thomas, and William D. Tap

Locally Aggressive Connective Tissue 
Tumors
(J Clin Oncol 2018;36(2):202–209.)

Abstract: In this review, we highlight the complexities of the natural history, biology, and clinical management of 
three intermediate connective tissue tumors: desmoid tumor (DT) or aggressive fibromatosis, tenosynovial giant 
cell tumor (TGCT) or diffuse-type pigmented villonodular synovitis (dtPVNS), and giant cell tumor of bone (GCTB). 
Intermediate histologies include tumors of both soft tissue and bone origin and are locally aggressive and rarely 
metastatic. Some common aspects to these tumors are that they can be locally infiltrative and/or impinge on criti-
cal organs, which leads to disfigurement, pain, loss of function and mobility, neurovascular compromise, and occa-
sionally life-threatening consequences, such as mesenteric, bowel, ureteral, and/or bladder obstruction. DT, PVNS, 
and GCTB have few and recurrent molecular aberrations but, paradoxically, can have variable natural histories. 
A multidisciplinary approach is recommended for optimal management. In DT and PVNS, a course of observation 
may be appropriate, and any intervention should be guided by symptoms and/or disease progression. A surgical 
approach should take into consideration the infiltrative nature, difficulty in obtaining wide margins, high recur-
rence rates, acute and chronic surgical morbidities, and impact on quality of life. There are similar concerns with 
radiation, which especially relate to optimal field and transformation to high-grade radiation-associated sarcomas. 
Systemic therapies must be considered carefully in light of acute and chronic toxicities. Although standard and 
novel therapies are promising, many unanswered questions, such as duration of therapy and optimal end points 
to evaluate efficacy of drugs in clinical practice and trials, exist. Predictive biomarkers and novel clinical trial end 
points, such as volumetric measurement, magnetic resonance imaging T2 weighted mapping, nuclear imaging, 
and patient-reported outcomes, are in development and will require validation in prospective trials.

■■ Desmoid tumors

Desmoid tumors (DTs), or aggressive 
fibromatosis, are classified as benign 
tumors because of their lack of metastatic 
potential and low risk of mortality.1–3 The 
term benign is deceptive, though, because 
it fails to highlight the impact of the tumor 
on morbidity as a result of its locally infiltra-
tive nature. DTs can occur in any anatomic 
location but frequently arise in the abdomi-
nal wall, neurovascular bundle of the limb 
and shoulder girdle, root of the mesentery, 
and head and neck structures.1 Dependent 
on location, the presentation can vary from 
asymptomatic to severe pain, deformity, 
swelling, loss of function, bowel obstruc-
tion or perforation, and/or threat to vital 
organs (Figure 1A and B). A DT is a rare 
tumor; its estimated annual incidence is 

900 patients in the United States. It affects 
young adults in their 20s and 30s and 
occurs slightly more often in women. DTs 
result in significant psychological and eco-
nomic effects on the lives of young adults, 
and these effects manifest in chronic use 
of opioids, social isolation, changes to 
education and employment, sleeplessness, 
anxiety, and depression often related to 
uncertainties in medical management and 
the unpredictable natural history of the 
disease.4,5 This unpredictability is illustrated 
by the rapid growth phase of the tumor 
and the periods of stabilization followed by 
a second or third growth phase and spon-
taneous regressions.6

Given the complexity of this disease, 
the successful management of the 
patient with a DT is best undertaken by 

Key points

• DTs can occur in any 
anatomic location but 
frequently arise in 
the abdominal wall, 
neurovascular bundle of 
the limb and shoulder 
girdle, root of the 
mesentery, and head and 
neck structures.
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a multidisciplinary team with sarcoma 
expertise.7 When this is not feasible, 
expert guidelines and/or communication 
with a sarcoma expert may be helpful. 
Until recently, surgery was the first-line 
standard of care. Surgery increasingly 
has fallen out favor; many studies now 
advocate, when appropriate, an initial 
period of observation.8–10 A prospective, 
observational study is ongoing to address 
this possibility (ClinicalTrials.gov identifier: 
NCT02547831).

Exceptions to observation include life-
threatening conditions that are surgically 
reversible. Surgical or other interventions 
should be contemplated only if the patient 
is symptomatic or is having rapid disease 
progression, or if the disease is threatening 
vital organs. Given the infiltrative nature, 
risk of 3-year postsurgical recurrence may 
be as high as 40% to 50%, as calculated 

by an online nomogram.11 Interestingly, 
status of surgical margins (ie, negative 
or positive) as a prognostic factor to pre-
dict risk of recurrence is not predictive. 
Therefore, enthusiastic attempts to achieve 
wide margins should be curbed, because 
this effort may be futile and may result only 
in significant morbidity. Even minor morbid-
ity from surgery (ie, abdominal wall mesh 
complications) must be weighed against 
the morbidity of the disease, which occa-
sionally can be indolent. Radiation may be 
considered in symptomatic patients if sur-
gery or systemic therapy is contraindicated. 
Many sarcoma experts tend to avoid this 
modality in this young population to reduce 
the risk of radiotherapy-associated malig-
nant sarcoma.

Gross resection of a DT reveals a poorly 
circumscribed, firm mass that glistens white 
and has a coarsely trabeculated surface 

FIGURE 1 ■■■Desmoid tumor. (A) X-ray of a lower extremity that demonstrates a radiolucent mass. (B) Large protuberant mass 
that involves the ankle joint. (C) Gross appearance of resected mass. (D) Section of a grossly resected desmoid tumor that 
show a smooth, glistening white tumor with trabeculations. (E) Hematoxylin and eosin stain that shows uniform elongated 
spindle cells in a collagenous matrix (magnification, 200×). Panels D and E are courtesy of Meera Hameed, MD, Department of 
Pathology, Memorial Sloan Kettering Cancer Center, New York, NY.

Key points

• Surgical or other 
interventions should be 
contemplated only if the 
patient is symptomatic 
or is having rapid disease 
progression, or if the 
disease is threatening vital 
organs.

• Even minor morbidity 
from surgery (ie, 
abdominal wall mesh 
complications) must be 
weighed against the 
morbidity of the disease, 
which occasionally can be 
indolent.
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(Figure 1C and D).1 Microscopically, elon-
gated, slender, spindle-shaped cells of 
uniform appearance are present, set in a 
collagenous matrix that contains promi-
nent blood vessels (Figure 1E). The mitotic 
rate is variable but lacks cytologic atypia 
or nuclear hyperchromasia. Immunohisto-
chemistry is positive for nuclear β-catenin 
(CTNBB1) and is pathognomonic, although 
only a subpopulation of cells (approximately 
30%) is positive. Genomic sequencing 
reveals trisomies in chromosome 8 and/
or 20, but the functional or prognostic 
significance of this is unclear. Virtually all 
patients with DTs harbor inactivating muta-
tions in either CTNBB1 (90%, somatic) or 
APC (9%, germline), which are termed 
sporadic or hereditary, respectively.12 The 
presence of these mutations in turn result 
in aberrant ubiquitin-mediated degradation 
of β-catenin and subsequent accumulation 
in the nucleus and constitutive activation 
of downstream transcription genes.13,14 
Genomic studies show few mutations 
in other genes; the mutations in CTNBBI 
(T41A, S45F, S45P) and APC are limited to a 
few hotspot mutations for which prognos-
tic significance is under investigation.15,16 
The pathogenesis of DT remains poorly 
understood.17 Thus, DT may represent an 
ideal human model system to study the 
aberrant Wnt signaling pathway.13 This is 
demonstrated by response in clinical trials 
with Wnt inhibitors.18

There is no standard of care for systemic 
therapies in DT. A wide class of drugs has 
shown variable degrees of activity. These 
include anti-estrogen or -progesterone 
treatments, nonsteroidal anti-inflammatory 
drugs, cytotoxic chemotherapies, tyrosine 
kinase inhibitors, and novel investigational 
agents. The choice for first-line systemic 
therapy should be patient centered and 
should be weighed carefully against patient 
convenience, acute and chronic toxicities, 
and urgency to alleviate symptoms. In 
patients with symptoms or in those with 
rapidly progressive disease or threats to 
vital organs, tyrosine kinase inhibitors 
(eg, imatinib, sorafenib) or cytotoxic 

chemotherapies (eg, liposomal doxoru-
bicin, methotrexate, and vinorelbine) all are 
considered reasonable first choices.4,19–23 
For less-aggressive DTs, endocrine therapy 
(eg, tamoxifen) may be appropriate.24–26 
Efforts to correlate estrogen or progester-
one receptor status to activity have been 
unrevealing. These treatment recommen-
dations are informed by single-institution, 
retrospective, nonrandomized, studies 
that use small sample sizes. Moreover, 
the mechanism of action for any of these 
classes of drugs remains unknown.17 In 
the past decade, tyrosine kinase inhibi-
tors have come to play an increasingly 
frontline role because of their convenience 
and limited long-term toxicities. Preclinical 
studies showed overexpression of c-KIT 
and PDGFRA/B, which led to two phase II 
studies of imatinib that showed response 
rates of 5% to 19% and a 6-month 
progression-free survival rate of 63%.21,27 
A retrospective study of 24 patients treated 
with sorafenib showed a response rate of 
20% and improvement in symptoms in 
approximately 70% of patients.4 The first 
phase III randomized study of sorafenib 
versus placebo is ongoing, and the results 
are expected to inform many unanswered 
questions in the field. This and other pro-
spective studies can help estimate the rate 
of spontaneous regressions in patients 
randomly assigned to placebo or observa-
tion. Pre- and post-treatment biopsies can 
help elucidate mechanisms of response 
to sorafenib. A recent single-arm study of 
a γ-secretase inhibitor showed promising 
results in patients with progressive DTs.28,29 
The activity of a wide range of drugs is per-
plexing, and a unifying hypothesis remains 
elusive.17

■■ Giant cell tumor of bone

Giant cell tumor of bone (GCTB) is a 
benign, osteolytic tumor that predomi-
nantly affects young adults.2 GCTB is a rare 
condition and accounts for 3% to 5% of 
all bone tumors.30 The tumors can arise at 
almost any bony site but most often affect 

Key points

• The mitotic rate is 
variable but lacks 
cytologic atypia or 
nuclear hyperchromasia. 
Immunohistochemistry 
is positive for nuclear 
β-catenin (CTNBB1) and is 
pathognomonic, although 
only a subpopulation of 
cells (approximately 30%) 
is positive. 

• Genomic sequencing 
reveals trisomies in 
chromosome 8 and/or 
20, but the functional or 
prognostic significance of 
this is unclear.

• The presence of these 
mutations in turn result 
in aberrant ubiquitin-
mediated degradation of 
β-catenin and subsequent 
accumulation in the 
nucleus and constitutive 
activation of downstream 
transcription genes.

• Genomic studies show 
few mutations in other 
genes; the mutations 
in CTNBBI (T41A, S45F, 
S45P) and APC are 
limited to a few hotspot 
mutations for which 
prognostic significance is 
under investigation.

• The choice for first-line 
systemic therapy should 
be patient centered 
and should be weighed 
carefully against patient 
convenience, acute and 
chronic toxicities, and 
urgency to alleviate 
symptoms.

• In patients with symptoms 
or in those with rapidly 
progressive disease 
or threats to vital 
organs, tyrosine kinase 
inhibitors (eg, imatinib, 
sorafenib) or cytotoxic 
chemotherapies (eg, 
liposomal doxorubicin, 
methotrexate, and 
vinorelbine) all are 
considered reasonable 
first choices.

ASCO Bladder-2019-V1.indb   55 3/11/2019   2:34:52 PM



Hot Topics

56

the spine, distal femur, proximal tibia, and 
distal radius (Figure 2A). GCTB belongs to a 
family of giant cell rich bony tumors, which 
includes chondroblastoma, aneurysmal 
bone cysts, and giant cell granuloma of 
the jaw.1 Histopathologically, these tumors 
comprise two cellular populations, a tumo-
rigenic stromal population with osteoblast-
like features and a second population of 
abundant monocyte-derived, multinucle-
ated osteoclastic cells (Figure 2B).31

Although notionally benign, the disease is 
characterized by a broad range of clinical 
behavior. Presentation is usually accompa-
nied by local pain and swelling, occasion-
ally with pathologic fracture or neurologic 
symptoms according to the anatomic site. 
There are three stages of disease: intraos-
seous lesions with good bony margins; 
intraosseous lesions with bone thinning; 
and extraosseous extension.32 A curious 
feature of benign GCTB is the phenom-
enon of pulmonary implants, most often 
observed after instrumentation. These lung 
deposits are not true metastases and do 
not necessarily imply malignancy. However, 
perhaps 1% to 3% of GCTBs will undergo 
true malignant degeneration and effectively 
become giant cell–rich osteosarcomas.

Nearly 20 years ago, the signaling path-
ways by which osteoblasts induce the 
formation of osteoclasts were identified. 

Receptor activator of nuclear factor 
kappa B ligand (RANKL) is a tumor necro-
sis factor family member secreted by 
osteoblasts, and it binds via its receptor 
(ie, RANK) to cells of the monocyte line-
age to induce osteoclastic differentiation.33 
RANKL expression is in creased in stromal 
cells within GCTBs and is presumed to 
mediate recruitment of osteoclasts within 
developing tumors.34 The osteoclastic pop-
ulation is responsible for the osteolysis seen 
in GCTBs. The primary basis for increased 
expression of RANKL is not known. 
Genomic studies have identified recurrent 
mutations in H3F3A (Gly34Trp or Gly34Leu) 
in 90% of GCTBs.35 These mutations are 
found in the stromal population, consistent 
with their neoplastic origin.

The treatment of localized GCTB is primar-
ily surgical—from intralesional curettage 
with or without local adjuvants to en bloc 
resection and even amputation.36 The 
recurrence rate for surgical resection ranges 
from 20% to 40%, largely dependent on 
the extent of surgery, the margins, and the 
site of disease. At some anatomic sites, 
such as the sacrum, the surgical morbidity 
of achieving good margins is major and 
lifelong. Radiotherapy has been effectively 
used in situations of multiple recurrences 
of tumors or surgically intractable GCTB, 
but has been associated with a variable 
but significant risk of transformation.37,38 

FIGURE 2 ■■■Giant cell tumor of bone. (A) Computed tomography scan of an infiltrative mass that 
involve the sacrum. (B) Osteoclast-like giant cells in a syncytial growth pattern with interspersed 
mononuclear cells (magnification, 200×). Images courtesy of Robert Lefkowitz, MD, Department 
of Radiology, and Meera Hameed, MD, Department of Pathology, Memorial Sloan Kettering 
Cancer Center, NewYork, NY.

Key points

• RANKL expression is in 
creased in stromal cells 
within GCTBs and is 
presumed to mediate 
recruitment of osteoclasts 
within developing 
tumors. The osteoclastic 
population is responsible 
for the osteolysis seen in 
GCTBs. 

• The primary basis for 
increased expression of 
RANKL is not known. 
Genomic studies have 
identified recurrent 
mutations in H3F3A 
(Gly34Trp or Gly34Leu) in 
90% of GCTBs.

• The treatment of 
localized GCTB is 
primarily surgical—from 
intralesional curettage 
with or without local 
adjuvants to en bloc 
resection and even 
amputation.

• The recurrence rate for 
surgical resection ranges 
from 20% to 40%, largely 
dependent on the extent 
of surgery, the margins, 
and the site of disease.

• Radiotherapy has been 
effectively used in 
situations of multiple 
recurrences of tumors 
or surgically intractable 
GCTB, but has been 
associated with a variable 
but significant risk of 
transformation.
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Systemic therapy for GCTB has involved 
chemotherapy, interferons, and bisphos-
phonates; these typically are based on case 
reports and retrospective series.36

Denosumab is a wholly human antibody 
with high specificity for RANKL. Two pro-
spectively conducted studies have estab-
lished the clinical efficacy of denosumab in 
GCTBs. The first of these was a single-arm 
phase II study of 35 patients with recurrent 
or locally advanced unresectable GCTB.39 
The pathologic complete response rate 
(defined as the absence of osteoclast-like 
giant cells) was 85%. Notably, although 
giant cells were effectively eradicated from 
most treated tumors, RANKL-positive stro-
mal cells remain visible.40

A second study confirmed these findings 
in a much larger group of patients with 
advanced disease.41 This study, which 
also was a nonrandomized phase II trial, 
examined the effect of denosumab in the 
adjuvant and neoadjuvant setting. Con-
vincing data suggested that administration 
of denosumab before resection resulted 
in down-staging of the extent of surgery. 
However, the absence of a control arm and 
the lack of long-term outcomes precluded 
insights into whether denosumab reduced 
relapse rates.

■■ Tenosynovial giant cell tumor

Tenosynovial giant cell tumor (TGCT) is a 
rare, often locally aggressive neoplasm that 
affects young patients and tends to affect 
a single joint, tendon sheath, or bursae 
(Figure 3A and B).42–44 TGCT is character-
ized by synovial proliferation and the devel 
opment of tumors that mostly are com-
posed of multinucleated giant cells with 
osteoclast-like phenotypes, macrophages, 
histiocytes, and other inflammatory cells 
(Figure 3C–E).42,43,45 A neoplastic clone 
that overexpresses colony-stimulating 
factor 1 (CSF1), often because of a 
translocation that involves the CSF1 gene 
on chromosome 1 (1p13), is present in the 
majority of TGCTs.46 CSF1 can promote 

growth of the neoplastic clone in an auto-
crine fashion.46 However, the neoplastic 
clone represents only the minority of cells 
in the tumor; rather, the bulk of a TGCT 
consists of CSF1-receptor (CSF1R)–bearing 
cells that are recruited to the joint space. 
With time, these inflammatory cells can 
cause repeat hemarthroses, subchondral 
cystic changes, and bone erosions.45,47 
These insults then can lead to joint destruc-
tion, significant pain, swelling, decreases in 
range of motion, and stiffness.

There are two types of TGCTs: localized 
(nodular) type and the more clinically 
aggressive and infiltrative diffuse type 
(dtTGCT).43 dtTGCT mostly affects the 
knee, but it can be seen in any joint, includ-
ing the hip, ankle, elbow, and jaw.47,48 
dtTGCT is not a malignancy per se and 
is rarely life threatening. However, it can 
confer significant morbidity and can greatly 
alter an individual’s functionality because of 
significant pain, medication use, dysmotil-
ity, disability, and lost work hours.49 In the 
past, few treatment options were available 
for patients with dtTGCTs. Patients were 
treated symptomatically and frequently 
underwent recurrent surgeries that were 
often incomplete and that had recurrence 
rates of 30% to 40%.44

The identification of the role of CSF1 in the 
pathogenesis and propagation of dtTGCT 
has been revolutionization of treatments 
for patients with this rare neoplasm. The 
first case report to demonstrate activity 
of imatinib mesylate, a multitargeted 
tyrosine kinase that also inhibits CSF1R, in 
a patient with dtTGCT showed complete 
tumor response.50 Subsequent data with 
imatinib and nilotinib only showed modest 
activity.48,51 Somewhat simultaneously to 
the discovery of the role of CSF1 in dtTGCT, 
a newer generation of specific and highly 
potent inhibitors of the CSF1/CSF1R axis 
were developed to exploit these drugs in 
immunooncology. Two potent and specific 
CSF1R inhibitors, pexidartinib and emac-
tuzumab, are in varying stages of clinical 
trials.42,52 These trials are demonstrating 
dramatic and durable responses with 

Key points

• Two prospectively 
conducted studies have 
established the clinical 
efficacy of denosumab in 
GCTBs. 

• The first of these was 
a single-arm phase II 
study of 35 patients 
with recurrent or locally 
advanced unresectable 
GCTB. The pathologic 
complete response rate 
(defined as the absence of 
osteoclast-like giant cells) 
was 85%.

• A second study confirmed 
these findings in a much 
larger group of patients 
with advanced disease.

• This study, which also was 
a nonrandomized phase II 
trial, examined the effect 
of denosumab in the 
adjuvant and neoadjuvant 
setting. 

• Convincing data 
suggested that 
administration of 
denosumab before 
resection resulted in 
down-staging of the 
extent of surgery.

• There are two types of 
TGCTs: localized (nodular) 
type and the more 
clinically aggressive and 
infiltrative diffuse type 
(dtTGCT).

• dtTGCT mostly affects the 
knee, but it can be seen 
in any joint, including 
the hip, ankle, elbow, 
and jaw. dtTGCT is not a 
malignancy per se and is 
rarely life threatening.

• Patients were treated 
symptomatically and 
frequently underwent 
recurrent surgeries that 
were often incomplete 
and that had recurrence 
rates of 30% to 40%.
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symptomatic improvement in dtTGCTs. 
A pivotal, randomized, double-blinded, 
placebo-controlled study with pexidartinib 
(NCT02371369) is ongoing. Early data 
suggest that CSF1R inhibitors do not yet 
appear curative for the majority of patients. 
Patients also can have variable decreases 
in tumor burden—some with dramatic 
responses within the first few months 
of therapy. Regardless of radiographic 
response, many patients have a significant 
reduction in symptoms with the initiation 
of therapy that, along with joint preserva-
tion, may arguably be one of the most 
important aspects of treatment.42,48,50–52

All of these situations highlight continued 
questions about the proper application 
of CSF1R inhibitors in dtTGCTs. Moving 
forward, establishment of the timing for 
treatment initiation will be paramount. 
Considerations could include earlier 

application before the development of a 
substantial tumor burden or before joint 
destruction occurs.

■■ Challenges and future directions

The ability to pursue drug development in 
DT, PVNS, and GCTB has unmasked some 
interesting dilemmas in these rare diseases. 
Essentially, the presence of active drugs 
that have a regulatory approval strategy has 
tested the medical community about the true 
knowledge of these diseases to inform clini-
cal trial end points. This knowledge included 
an understanding of the natural history and 
variable clinical course of the disease, how to 
appropriately apply the medications (and in 
which setting and patient population), how 
to judge meaningful efficacy, and how to 
establish appropriate risk tolerance for physi-
cians and patients alike.

FIGURE 3 ■■■Pigmented villonodular synovitis. (A) Axial T1-weighted magnetic resonanceI image that shows lobulated PVNS 
(gray line) throughout joint and extensive subjacent erosions of femoral condyles (white outline). (B) Sagittal T2 fat-saturated 
magnetic resonance image that shows a multilobulated intra-articular mass abutting the posterior cruciate ligament, tibial 
plateau, and posterior knee joint capsule. (C) Intraoperative imaging that shows a brownish pigmented mass. (D) Gossly 
resected specimens that show multiple yellowish to brown masses with no encapsulation. (E) Randomly distributed multinu-
cleated osteoclast-like giant cells accompanied by mononuclear cells, histiocytes, and hemosiderin-laden macrophages (black 
arrows; magnification, 200×). Images courtesy of David Panicek, MD, Department of Radiology, Meera Hameed, MD, Depart-
ment of Pathology, and Nicola Fabbri, MD, Department of Orthopedic Oncology Surgery, Memorial Sloan Kettering Cancer 
Center, New York, NY.

Key points

• Regardless of radiographic 
response, many patients 
have a significant 
reduction in symptoms 
with the initiation of 
therapy that, along with 
joint preservation, may 
arguably be one of the 
most important aspects of 
treatment.

• The ability to pursue drug 
development in DT, PVNS, 
and GCTB has unmasked 
some interesting dilemmas 
in these rare diseases.
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Overall survival is the gold-standard primary 
end point in oncology clinical trials. In a 
disease like DT, PVNS, and/or GCTB, this is 
not an appropriate end point because of 
the low mortality. Therefore, alternate sur-
rogate end points for drug efficacy include 
response rates, progression-free survival, 
and avoidance of morbid therapies. It is crit-
ical to understand that these end points are 
surrogates for something that is clinically 
meaningful, such as improvement in quality 
of life. The challenges are to identify the 
most relevant symptoms for each of these 
diseases and to develop tools that are capa-
ble of quantifying these changes to assess 
clinical benefit. A challenge in the use of 
existing generic oncology tools for quality 
of life as a primary or key end point is that 
these tools are not validated for these spe-
cific diseases and, therefore, are not accept-
able to regulatory agencies. Therefore, 
it is essential to develop and incorporate 
patient-reported outcome (PRO) tools to 
use as novel end points in clinical trials.

The first prospectively developed PRO 
tool in DTs has been developed and has 
identified 11 symptoms and 17 psycho-
social parameters as critical to the patient 
experience.5 This tool is undergoing valida-
tion in prospective trials. Similarly, a dtT-
GCT- specific PRO instrument was created. 
This was applied initially in the dtTGCT 
expansion cohort of the pexidartinib phase 
I trial.42,49 It also was incorporated into the 
pivotal phase III study of pexidartinib as 
a close secondary end point along with 
other subjective and objective assessment 
tools, including the Brief Pain Inventory, 
Worst Pain Numeric Rating Scale, the PRO 
Measurement Information System Physical 
Function Scale, the Worst Stiffness Numeric 
Rating Scale, and independent and blinded 
goniometry testing.

Response rates and progression-free sur-
vival may serve as surrogate end points 
for overall survival in certain malignancies. 
Given the infiltrative nature of DT, PVNS, 
and GCTB, tumor shrinkage can have 
a direct impact on PRO parameters and 
other clinical benefits, such as avoidance of 

mutilation from surgeries and avoidance of 
threats to vital organs. Therefore, accurate 
radiographic measurements by existing 
standards, such as RECIST version 1.1 or 
WHO, is critical when response rates are 
used as key end points. It is abundantly 
clear that it is challenging to accurately 
and reproducibly measure tumors that are 
asymmetric and that infiltrate multiple lay-
ers of fascia, neurovascular bundles, and 
complex joint spaces. Therefore, it is criti-
cal to develop and validate appropriate 
imaging techniques that can accurately 
assess the clinical efficacy of drugs. In a 
retrospective study of 79 patients with 
DTs who were treated with sorafenib, the 
response rates varied between RECIST 
(18%) and WHO (26%) criteria.53 Choice of 
the correct imaging criteria has profound 
implications on trial end points and suc-
cess and failure of drugs. After these issues 
were recognized, a novel imaging modality 
was created specifically for dtTGCT and 
was incorporated into the phase I and 
ongoing phase III pexidartinib trials. The 
tumor volume score (TVS), an magnetic 
resonance imaging–based tool, calculates 
tumor volume as a percentage of the entire 
synovium.42 Beyond dimensional measure-
ments, other imaging characteristics may 
serve as novel end points for drug effect. 
Patients with DT who undergo effective 
treatment may have RECIST-stable disease 
but can show changes in the magnetic 
resonance imaging T2 signal, which 
suggests a transformation from a cel-
lular to a collagenous mass or scar tissue 
(Figure 4A and B).

Denosumab, pexidartinib, and sorafenib 
or liposomal doxorubicin have shown 
promising signals, including high response 
rates and/or prolonged progression-free 
survival, in GCTB, PVNS, and DT (Fig-
ure 5).42 However, these drugs do not 
appear curative, and there is emerging 
evidence that cessation of drugs may result 
in recurrence.53 Therefore, these drugs 
currently are used continuously and indefi-
nitely. Because these are generally non–life-
threatening diseases, an answer to the 
question of treatment duration is essential. 

Key points

• Overall survival is the 
gold-standard primary end 
point in oncology clinical 
trials. In a disease like DT, 
PVNS, and/or GCTB, this 
is not an appropriate end 
point because of the low 
mortality.

• The challenges are to 
identify the most relevant 
symptoms for each of 
these diseases and to 
develop tools that are 
capable of quantifying 
these changes to assess 
clinical benefit. 

• A challenge in the use of 
existing generic oncology 
tools for quality of life as 
a primary or key end point 
is that these tools are not 
validated for these specific 
diseases.

• The first prospectively 
developed PRO tool in 
DTs has been developed 
and has identified 11 
symptoms and 17 
psychosocial parameters 
as critical to the patient 
experience.

• This tool is undergoing 
validation in prospective 
trials. Similarly, a dtTGCT- 
specific PRO instrument 
was created. This was 
applied initially in the 
dtTGCT expansion cohort 
of the pexidartinib phase I 
trial.

• It is abundantly clear 
that it is challenging 
to accurately and 
reproducibly measure 
tumors that are 
asymmetric and that 
infiltrate multiple layers 
of fascia, neurovascular 
bundles, and complex 
joint spaces.

• In a retrospective study 
of 79 patients with DTs 
who were treated with 
sorafenib, the response 
rates varied between 
RECIST (18%) and WHO 
(26%) criteria.
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FIGURE 4 ■■■Challenges in accurate imaging of tumors to access efficacy of drugs. (A) Baseline pretreatment magnetic resonance 
imaging (MRI) scan shows high T1 signal indicative of an active, cellular tumor. (B) Post-sorafenib MRI scan that shows a mini-
mal decrease in tumor size but a significant decrease in T1 signal, which suggests a decrease in cellularity and an increase in 
collagen or tissue scarring.

FIGURE 5 ■■■Treatment response. Positron emission tomography (PET)/computed tomography (CT) scan of giant cell tumor of 
bone (A) at presentation (ie, baseline) and (B) after 8 weeks of denosumab, which shows minimal decrease in size but sig-
nificant decrease in fluorodeoxyglucose (FDG) avidity. (C) A deep mesenteric and abdominal desmoid tumor (C) at baseline 
experienced (D) a dramatic response to sequential sorafenib (5 weeks, discontinued for hypertension) followed by liposomal 
doxorubicin (two cycles). PET/CT of recurrent pigmented villonodular synovitis (E) at presentation and (F) after 3 months of 
imatinib that shows significant decrease in tumor size and FDG avidity. Images courtesy of David Thomas, MBBS, PhD, Garvan 
Institute of Medical Research, Darlinghurst, Australia; Robert Lefkowitz, MD, Department of Radiology, and Marylou Keohan, 
MD, Department of Medical Oncology, Memorial Sloan Kettering Cancer Center, New York, NY; and Vinod Ravi, MD, Depart-
ment of Medical Oncology, MD Anderson Cancer Center, Houston, TX.
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The long-term physiologic, psychological, 
and financial impacts on young adults, 
who may be treated for decades, must 
be weighed against the morbidity of the 
disease. Because of the number and kinet-
ics of the neoplastic clone, it is uncertain 
whether DT, PVNS, and GCTB are suscep-
tible to the selective pressure of continued 
and prolonged use of these inhibitors. 
In addition, given the high response and 
progression-free survival rates, the question 
is whether a therapeutic ceiling has been 
hit in PVNS or GCTB. Given this question, 
newer agents need to demonstrate supe-
rior efficacy, improved cure rates, lower 
acute and chronic toxicities, convenience in 
dosing schedules, and more. Although pre-
operative use of tyrosine kinases inhibitors 
or chemotherapy does appear to facilitate 
surgical approaches in large tumors at diffi-
cult sites, there are little prospective data to 

guide their use in the neoadjuvant and/or 
adjuvant setting.

Finally, we must continue to advance our 
understanding of the biology of these infil-
trative connective tissue tumors. Genetic 
studies have shown few molecular aberra-
tions beyond CTBNN1, H3F3A, or CSF1R 
and, in fact, these tumors have the lowest 
tumor mutational burdens among all con-
nective tissue tumors.54 These diseases 
serve as good human models to study 
these specific pathways. Conversely, despite 
a single molecular driver, the variability in 
clinical behavior suggests that additional 
signal pathways or growth factors may be 
involved. Additional studies can establish 
prognostic and predictive markers and 
enhance therapeutic options either through 
combination strategies or through the 
development of novel drugs.
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Cancer Genomics: Diversity and Disparity 
Across Ethnicity and Geography
(J Clin Oncol 2016;34(1):91–101.)

Abstract: Ethnic and geographic differences in cancer incidence, prognosis, and treatment outcomes can be attrib-
uted to diversity in the inherited (germline) and somatic genome. Although international large-scale sequencing 
efforts are beginning to unravel the genomic underpinnings of cancer traits, much remains to be known about 
the underlying mechanisms and determinants of genomic diversity. Carcinogenesis is a dynamic, complex phenom-
enon representing the interplay between genetic and environmental factors that results in divergent phenotypes 
across ethnicities and geography. For example, compared with whites, there is a higher incidence of prostate 
cancer among Africans and African Americans, and the disease is generally more aggressive and fatal. Genome-
wide association studies have identified germline susceptibility loci that may account for differences between the 
African and non-African patients, but the lack of availability of appropriate cohorts for replication studies and the 
incomplete understanding of genomic architecture across populations pose major limitations. We further discuss 
the transformative potential of routine diagnostic evaluation for actionable somatic alterations, using lung cancer 
as an example, highlighting implications of population disparities, current hurdles in implementation, and the far-
reaching potential of clinical genomics in enhancing cancer prevention, diagnosis, and treatment. As we enter the 
era of precision cancer medicine, a concerted multinational effort is key to addressing population and genomic 
diversity as well as overcoming barriers and geographical disparities in research and health care delivery.

■■ Introduction

Cancer is a genomic disorder. Carcinogen-
esis is driven by inherited genomic variation 
as well as accumulation of multiple somatic 
genetic events including mutations, rear-
rangements, or amplification that lead to 
uncontrolled cell proliferation, evasion of 
apoptosis, and angiogenesis.1 The striking 
successes of applied somatic genomics in 
the clinic has heralded the era of precision 
medicine, where molecular genetic analysis 
can accurately identify specific actionable 
genomic abnormalities linked to corre-
spondingly effective molecularly targeted 
therapy, often with dramatic subversion 
of tumor growth and survival. Examples 
include imatinib for c-KIT GI stromal tumor, 
vemurafenib for BRAFV600E melanoma, 
and crizotinib for ALK-rearranged non-
small-cell lung cancer (NSCLC).2–4 Patient 
stratification based on genomic biomarkers 
has become an integral component of 

modern clinical cancer diagnosis and 
treatment.

Despite these successes, not all patients 
benefit equally. It has long been recognized 
that genetic and environmental varia-
tion between ethnicities and geographic 
regions contribute to population-based 
disparities in cancer risk and treatment 
outcomes.5  Variation in frequency of inher-
ited and somatic mutations (eg, difference 
in prevalence of specific driver oncogenes 
between ethnicities) is one of the main 
reasons for this diversity.6  Environmental 
factors such as diet, health care policy, and 
economic discrepancy contribute to dispari-
ties in risk and outcome between ethnic 
groups or geographic regions. Many well-
established genomic tests commonly used 
in Western countries are not yet available 
in developing countries. Even if both the 
test and molecular-targeted therapy are 
available, the high cost remains prohibitive 

Key points

• Patient stratification based 
on genomic biomarkers 
has become an integral 
component of modern 
clinical cancer diagnosis 
and treatment.

• It has long been 
recognized that genetic 
and environmental 
variation between 
ethnicities and geographic 
regions contribute 
to population-based 
disparities in cancer risk 
and treatment outcomes.

• Variation in frequency 
of inherited and somatic 
mutations (eg, difference 
in prevalence of specific 
driver oncogenes between 
ethnicities) is one of the 
main reasons for this 
diversity.
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for many patients from developing coun-
tries. In this review, we explore the reasons 
behind genomic diversities between ethnic 
groups and geographic regions and discuss 
the implications on the clinical manage-
ment of two common malignancies.

■■ Genomic diversity and cancer

Humans display significant phenotypic 
complexity and diversity beyond other liv-
ing organisms.7 In addition to inherited 
and somatic genomic alterations, diversity 
is generated through transcriptional and 
epigenetic regulation, with further contri-
butions by noncoding elements including 
microRNA, long noncoding RNA, and post-
translational modifications (Figure 1). Ethnic 
and geographic differences in a wide vari-
ety of traits can be attributed to genomic 
diversity. This diversity is the consequence 
of mutation and the evolutionary forces 
that act to establish mutational frequencies 
over time and across populations. On the 

basis of earlier molecular anthropologic 
studies, it is estimated that each individual 
differs by approximately only 0.1% of 
the entire genome. Moreover, despite the 
significant genetic distance between popu-
lations, the majority of genetic variation 
(85% to 90%) is still largely found within 
geographic regions (eg, within continents).8 
With large-scale sequencing projects such 
as the 1000 Genomes Project, differences 
in ethnicities and geographic regions can 
be accounted for through a combination of 
effects in rare and common variants of the 
human genome,9 underscoring the impact 
of an individual’s inherited genome in 
determining phenotype. Efforts such as the 
Encyclopedia of DNA Elements (ENCODE) 
aim to further elucidate the epistatic effects 
of multiple genes, transcription factors, and 
the epigenetic landscape so as to facilitate 
elaborate interaction maps of individual 
whole genomes.10

Cancer is influenced by all of the earlier 
mentioned phenomena. Individual risk of 

FIGURE 1 ■■■How phenotypic diversity is achieved in humans.

Key points

• In this review, we explore 
the reasons behind 
genomic diversities 
between ethnic groups 
and geographic 
regions and discuss the 
implications on the clinical 
management of two 
common malignancies.

• With large-scale 
sequencing projects such 
as the 1000 Genomes 
Project, differences in 
ethnicities and geographic 
regions can be accounted 
for through a combination 
of effects in rare and 
common variants of the 
human genome.

ASCO Bladder-2019-V1.indb   64 3/11/2019   2:34:55 PM



Cancer Genomics: Diversity and Disparity

65

developing certain cancers can be deter-
mined either by heritable mutations with 
high penetrance or more subtle variants 
that can contribute to acquisition of somatic 
alterations, all of which result in cellular 
traits that facilitate carcinogenesis. Ensu-
ing cancer hallmarks, such as proliferation, 
invasion, metastasis, and traits related to 
treatment such as acquired drug resistance, 
are realized through additional somatic 
mutations. Most cancers are associated 
with a high mutation burden,11 some as a 
result of environmental exposure (eg, smok-
ing in lung cancer)12 and others as a result 
of an intrinsic germline susceptibility (eg, 
microsatellite instability in hereditary non-
polyposis colorectal cancer).13 The relevance 
of mutational burden and genomic diversity 
is further underscored by recent efforts at 
harnessing the therapeutic potential of the 
immune system, where efficacy of immune 
checkpoint inhibitors may be determined 
by T-cell receptor clonality14 and tumor-
specific mutant neoantigens,15 representing 
a confluence of both germline and somatic 
genomics. Thus, as much as individual 
cancer risk and cancer hallmarks are under-
pinned by combined effects of rare and 
common variants, the interplay between 
gene-environment interactions and (micro)
environment factors also features promi-
nently in the development of cancer.16

In the following sections, we provide exam-
ples of the discrepancies observed in prostate 
cancer and NSCLC, where population differ-
ences in the inherited and somatic genomes 
have yielded important insights to our under-
standing and management of these diseases.

■■ Inherited genomics of cancer: 
the example of prostate cancer in 
African descent populations

African Americans (AAs) suffer from 
the highest rates of prostate cancer in 
the world, and in the United States, the 
average (and growing) annual incidence 
rate was 224 per 100,000 in the period 
from 2007 to 2011.17 The International 

Agency for Research on Cancer 
GLOBOCAN program estimates that pros-
tate cancer is also the leading cancer in 
terms of incidence and mortality in men 
from Africa and the Caribbean.18 Therefore, 
men of African descent around the world 
suffer disproportionately from prostate 
cancer compared with men of other races 
or ethnicities.19 The International Agency 
for Research on Cancer also estimates 
that prostate cancer is a growing problem 
in Africa, with a predicted near doubling 
of prostate cancer-related deaths from 
55,522 in 2010 to more than 100,000 
deaths by 2030.20 Furthermore, AA men 
experience the highest rates of aggres-
sive prostate cancer and prostate cancer-
specific mortality of any ethnic group in 
the United States.20 Our understanding of 
this disparity remains limited. The majority 
of sub-Saharan African (SSA) patients with 
prostate cancer are diagnosed with aggres-
sive disease, often at late (usually incurable) 
stages.20,21 In both SSA and AA men, this 
pattern may be a result of a combination of 
biologic aggressiveness and late detection. 
Thus, there may be common features of 
prostate cancer etiology in men of African 
descent that may explain observed mor-
tality patterns. Knowledge gained from 
studies of prostate cancer in SSA may in 
turn improve our understanding of aggres-
sive prostate cancer in men of African 
descent around the world, including AAs.

In addition to being common, prostate 
cancer is also particularly deadly in African 
descent men. The reasons for the large 
burden of prostate cancer risk and poor 
outcomes remain unresolved. Access to 
care (including screening and appropri-
ate treatment) is likely to be an important 
factor in explaining prostate cancer dis-
parities. Studies suggest that if health care 
access is equalized among the races (eg, 
in the Veterans Affairs system), major dis-
parities are ameliorated22 but not entirely 
eliminated even after accounting for treat-
ment differences.23 Epidemiologic risk 
factors have not explained a large propor-
tion of variation in prostate cancer risk.24 

Key points

• Ensuing cancer hallmarks, 
such as proliferation, 
invasion, metastasis, and 
traits related to treatment 
such as acquired drug 
resistance, are realized 
through additional 
somatic mutations.

• African Americans (AAs) 
suffer from the highest 
rates of prostate cancer 
in the world, and in the 
United States, the average 
(and growing) annual 
incidence rate was 224 
per 100,000 in the period 
from 2007 to 2011.

• The International 
Agency for Research on 
Cancer also estimates 
that prostate cancer is 
a growing problem in 
Africa, with a predicted 
near doubling of prostate 
cancer-related deaths 
from 55,522 in 2010 
to more than 100,000 
deaths by 2030.

• The majority of sub-
Saharan African (SSA) 
patients with prostate 
cancer are diagnosed with 
aggressive disease, often 
at late (usually incurable) 
stages.

• In both SSA and AA men, 
this pattern may be a 
result of a combination 
of biologic aggressiveness 
and late detection.

• Knowledge gained 
from studies of prostate 
cancer in SSA may 
in turn improve our 
understanding of 
aggressive prostate 
cancer in men of African 
descent around the world, 
including AAs.
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Genetic analysis has identified many risk 
loci, but few genome-wide association 
studies (GWAS) have been undertaken in 
men of African descent,25 and most GWAS 
hits have not been replicated in African 
descent populations.25–28 The scope of etio-
logic studies in African descent populations 
has been circumscribed, which limits our 
understanding of the cause of unfavorable 
outcomes in this population. Additional 
genomic studies in African descent men 
are needed to understand prostate cancer 
etiology and outcomes.

Prostate cancer has the highest 
familial risks and heritability of any 
major cancer.29,30 GWAS studies have iden-
tified prostate cancer susceptibility loci, and 
there is evidence that the contribution of 
these risk alleles to prostate cancer differs 
across populations. To date, more than 
100 independent loci have been associ-
ated with prostate cancer.31 The majority 
of these studies have been undertaken in 
European or Asian descent populations. 
Studies of genetic susceptibility in African 
descent populations are more limited. 
A number of studies have attempted to 
validate reported associations in AAs.32–34 
However, the validated loci were not con-
sistent across these studies. For example, 
the Men of African Descent and Carcinoma 
of the Prostate consortium studied a sam-
ple of nearly 8,000 men of African descent 
in the United States and United Kingdom,26 
specifically examining single nucleotide 
polymorphisms (SNPs) that had been pre-
viously reported in non–African descent 
populations. The authors reported that the 
majority of the loci identified as prostate 
cancer susceptibility loci in white or Asian 
populations were not replicated in AA men; 
only 8q24, JAZF1, MSMB, NUDT10/11, and 
a locus on 11q13 were validated as hav-
ing effects similar to those in non–African 
descent populations. The remainder of the 
associations in AAs exhibited smaller effects 
than those reported in non-AA popula-
tions. Some of the AA associations were 
even in the opposite direction to those of 
the non-AA reports, and in many cases, 

the 95% CI for AA men did not overlap 
the non-AA estimates. More recently, Han 
et al35 studied 82 prostate cancer loci iden-
tified by GWAS using 4,853 AA patients 
with prostate cancer and 4,678 AA control 
patients. Of the 82 SNPs studied, 83% 
were directionally consistent with previ-
ous reports, and 37% achieved a P ≤ .05. 
Thus, the inference of association of GWAS 
hits identified in non-AA populations was 
not as strong in AA men. Haiman et al25 
undertook a GWAS using a sample of more 
than 6,000 African descent patients with 
prostate cancer and African descent con-
trols that overlapped with the sample of 
Chang et al.26 Haiman et al28 also did not 
replicate most of the previously reported 
loci identified in European or Asian descent 
populations, but identified a novel locus on 
chromosome 17 that was later validated 
as a prostate cancer risk locus in European 
descent populations.31 In a small study 
in Ghana, a novel locus on chromosome 
10 was identified that was not detected 
in other populations.27 Thus, studies of 
African populations may provide critical 
insight into the genetic etiology of prostate 
cancer throughout the African diaspora.

Population diversity also provides unique 
opportunities to gain insight into disease. 
Currently, there has been limited clinical or 
public health impact of many genomic dis-
coveries. However, the future promises that 
both clinical applications and improved bio-
logic insight into cancer may be achieved. 
For instance, currently, the ability to predict 
which prostate cancer tumors will lead to 
death remains limited. In SSA, the majority 
of prostate tumors are diagnosed at late 
stages.36 We recently reported20 that 16% 
to 30% of men in SSA are diagnosed with 
widely metastatic disease; castrate-resistant 
disease is common in SSA. Therefore, 
prostate cancer research in SSA popula-
tions provides unique opportunities to 
understand aggressive prostate cancer. 
It is possible in Africa to more fully explore 
the natural history of aggressive prostate 
cancer including the commonly occurring 
metastatic and hormone-refractory forms 

Key points

• GWAS studies have 
identified prostate cancer 
susceptibility loci, and 
there is evidence that the 
contribution of these risk 
alleles to prostate cancer 
differs across populations. 
To date, more than 100 
independent loci have 
been associated with 
prostate cancer.

• The majority of these 
studies have been 
undertaken in European 
or Asian descent 
populations. Studies of 
genetic susceptibility 
in African descent 
populations are more 
limited.

• The authors reported 
that the majority of the 
loci identified as prostate 
cancer susceptibility 
loci in white or Asian 
populations were not 
replicated in AA men; 
only 8q24, JAZF1, MSMB, 
NUDT10/11, and a locus 
on 11q13 were validated 
as having effects similar 
to those in non–African 
descent populations.

• Some of the AA 
associations were even 
in the opposite direction 
to those of the non-AA 
reports, and in many 
cases, the 95% CI for AA 
men did not overlap the 
non-AA estimates. 

• More recently, Han et al 
studied 82 prostate cancer 
loci identified by GWAS 
using 4,853 AA patients 
with prostate cancer and 
4,678 AA control patients.

• Of the 82 SNPs studied, 
83% were directionally 
consistent with previous 
reports, and 37% 
achieved a P ≤ .05.
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of the disease. The knowledge gained from 
studies of aggressive disease in SSA may 
improve our understanding of aggressive 
prostate cancer diagnosed anywhere in 
the world, including prostate cancer in AA 
men who suffer from the highest prostate 
cancer mortality in the United States. It is 
possible that these contrasting outcomes 
are a result of underlying genomic dif-
ferences. In contrast to whites, somatic 
alterations such as TMPRSS2-ERG or PTEN 
deletion occur less frequently in AAs in 
the United States, with a higher incidence 
of SPINK1 overexpression, a marker for 
aggressive prostate cancer.37 Whether 
patients of African descent may harbor 
distinct genomic signatures or drivers 
remains to be elucidated. Furthermore, 
molecularly targeted therapy based on 
somatic alterations has yet to be validated 
in prostate cancer. In contrast, the clinical 
impact of the somatic mutation landscape 
has dramatically changed the treatment 
and diagnostic paradigm of NSCLC, illus-
trating the transformative potential of 
rationally applied cancer genomics.

■■ Somatic genomics of cancer: 
the example of lung cancer in Asian 
descent populations

Lung cancer is the most common fatal 
malignancy, with more than 1.6 million 
new cases globally every year.18 Incidence 
is increasing in China but declining in the 
United States.38 This phenomenon is best 
explained by a tobacco-control policy that 
resulted in a reduction in the prevalence 
of smokers in the United States, whereas 
there is a lack of such a policy in China.39 
However, the tobacco-related lung cancer 
rate in Western countries continues to be 
higher than in Asia.40 It was estimated that 
approximately 30% of all patients with 
lung cancer from China are nonsmokers 
and predominantly women.41

Epidermal growth factor receptor (EGFR) 
mutation and anaplastic lymphoma kinase 
(ALK) rearrangement are the two most 

frequently occurring targetable genetic 
alterations in NSCLC and were discov-
ered in 2004 and 2007, respectively.42–44 
These two genetic alterations have had far 
reaching implications in the clinic, funda-
mentally changing diagnostic algorithms 
and workflows in pathologic evaluation, 
defining new standards of care of genomic-
based personalized therapy for manage-
ment of advanced NSCLC globally, and 
ultimately improving patient outcomes 
through novel targeted therapeutics. The 
epidemiology of these alterations and avail-
ability of molecular testing and targeted 
drugs are the major causes for diversity and 
disparity in management of advanced-stage 
NSCLC. Base-pair deletion in exon 19 and 
point mutation L858R in exon 21 are the 
most common activating EGFR mutations, 
and their prevalence is significantly higher 
in Japanese, Korean, and Chinese patients 
than white patients from the United 
States or Europe.45 Histologic cell type 
(adenocarcinoma vs. non-adenocarcinoma), 
ethnicity (Asian vs. non-Asian), and tobacco 
exposure (never-smoker vs. ex-smoker vs. 
current smoker) are clinical factors that 
determine the incidence of EGFR mutation. 
This observation is validated in multiple 
epidemiologic studies and clinical trials. 
The incidence of activating EGFR muta-
tions in Asian nonsmokers or light smokers 
with advanced-stage adenocarcinoma was 
59.5% in the landmark Iressa Pan-Asia 
Study (IPASS) study that was conducted 
in Asia and established the importance of 
EGFR testing. In contrast, the incidence was 
only 15% in non-Asian patients from the 
BR.21 study, one of the earliest phase III 
trials that performed retrospective EGFR 
mutation testing on archival samples.46,47 
It is not clear whether different ethnic 
groups or populations have significant vari-
ation in prevalence of EGFR mutations as a 
result of the relative paucity of systematic 
large-scale EGFR mutation testing stud-
ies. One such epidemiologic study (IGNITE) 
reported the incidence of EGFR mutations 
in adenocarcinoma to be 49% and 18% 
in 2,291 East Asian and 924 Russian 
patients, respectively; the mutation rates in 

Key points

• Molecularly targeted 
therapy based on somatic 
alterations has yet to 
be validated in prostate 
cancer. In contrast, 
the clinical impact of 
the somatic mutation 
landscape has dramatically 
changed the treatment 
and diagnostic paradigm 
of NSCLC.

• Lung cancer is the most 
common fatal malignancy, 
with more than 1.6 million 
new cases globally 
every year. Incidence is 
increasing in China but 
declining in the United 
States.

• Epidermal growth 
factor receptor (EGFR) 
mutation and anaplastic 
lymphoma kinase (ALK) 
rearrangement are the 
two most frequently 
occurring targetable 
genetic alterations 
in NSCLC and were 
discovered in 2004 and 
2007, respectively.

• The epidemiology of 
these alterations and 
availability of molecular 
testing and targeted drugs 
are the major causes for 
diversity and disparity 
in management of 
advanced-stage NSCLC. 

• Base-pair deletion in exon 
19 and point mutation 
L858R in exon 21 are the 
most common activating 
EGFR mutations, and their 
prevalence is significantly 
higher in Japanese, 
Korean, and Chinese 
patients than white 
patients from the United 
States or Europe.

• This observation is 
validated in multiple 
epidemiologic studies and 
clinical trials.
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nonadenocarcinoma were 14% and 4%, 
respectively.48 However, the prevalence of 
EGFR mutations in other ethnicities is less 
well known. This is partly attributed to 
the variation in sensitivity of different test-
ing methods, quality of tumor samples, 
and difference in clinical selection criteria. 
Figure 2 summarizes the incidence of EGFR 
mutations detected by sequencing in lung 
adenocarcinoma and illustrates the regional 
variation. It is a curious observation that the 
natives of certain parts of South America 
seem to have a similar incidence of EGFR 
mutation as Asians,49 whereas most other 
ethnicities share similar incidence as whites.

The distinct phenotype of Asian NSCLC 
has led to several GWAS studies, with dis-
covery cohorts comprising never-smokers 
(377 patients, 377 controls),69 never-
smoking women in Asia (584 patients, 
585 controls),70 a Japanese population 
(1,695 patients, 5,333 controls),71 and 
recently, the largest study yet in never-
smoking women in Asia (5,510 patients, 
4,544 controls).72 Although specific 

susceptibility variants unique to Asian 
never-smokers have been identified, such 
as VTI1A,72 the fact that variants in TERT 
and p63 emerge in both Asian-specific 
never-smoker studies and studies examin-
ing all-comer lung adenocarcinoma73 high-
lights the complex biology contributing to 
lung carcinogenesis.

ALK rearrangement is less common, 
accounting for 2% to 7% of all NSCLCs.74 
Similar to EGFR mutations, the incidence 
is associated with histologic cell type, 
ethnicity, and tobacco exposure.75 Clini-
cal trials and epidemiologic studies also 
provide insight on the incidence. The 
PROFILE 1007 study conducted the larg-
est screening for ALK rearrangement in 
patients with advanced-stage NSCLC.76 
Of 4,967 patients screened, 347 (6.9%) 
were positive for ALK rearrangement by 
fluorescence in situ hybridization (FISH) 
and eligible for study. Blackhall et al77 used 
immunohistochemistry and FISH to test 
for ALK rearrangement in 1,281 resect-
able early-stage adenocarcinomas from 

FIGURE 2 ■■■Worldwide incidence of EGFR mutations in lung adenocarcinoma tested by Sanger sequencing (unless otherwise 
indicated). (*) Testing by Scorpion amplification refractory mutation system.

UK, United Kingdom.

Key points

• This is partly attributed to 
the variation in sensitivity 
of different testing 
methods, quality of tumor 
samples, and difference in 
clinical selection criteria.

• ALK rearrangement is less 
common, accounting for 
2% to 7% of all NSCLCs.
Similar to EGFR mutations, 
the incidence is associated 
with histologic cell type, 
ethnicity, and tobacco 
exposure.

• Clinical trials and 
epidemiologic studies also 
provide insight on the 
incidence.

• The PROFILE 1007 study 
conducted the largest 
screening for ALK 
rearrangement in patients 
with advanced-stage 
NSCLC.
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European patients and reported incidence 
rates of 6.2% and 2.2% by immunohisto-
chemistry and FISH, respectively. Thus, the 
incidence of detection of ALK rearrange-
ment also depends on the method of test-
ing. Ethnic variation between Asians and 
non-Asians is less obvious considering the 
low incidence in all populations. A single 
study using the rapid amplification of cDNA 
ends polymerase chain reaction method 
reported an exceptionally high incidence 
of 11.5% in China,78 whereas the major-
ity of reports do not reflect a significant 
difference between Asian and non-Asian 
populations.

Tyrosine kinase inhibitors (TKIs) target-
ing EGFR mutations and ALK rearrange-
ment are established first-line therapy for 
patients who harbor the genomic altera-
tions. Multiple randomized phase III studies 
from Asia and Europe have confirmed the 
role of gefitinib, erlotinib, and afatinib 
in patients with EGFR mutations.46,79–83 
Although Asians seem to have numerically 
higher response rates and progression-free 
survival in some trials of EGFR or ALK TKIs 
(Table 1), no statistically significant dif-
ferences in clinical outcomes have been 
observed between ethnic groups, in part 
because of underpowered, post hoc analy-
ses. Similarly, PROFILE 1014 confirmed the 
role of first-line crizotinib in patients with 
ALK rearrangement, and again, treat-
ment outcomes are not different between 
Asians and non-Asians.4,84 Rational, 
science-driven drug development has 
also shortened the timelines for introduc-
ing novel effective therapies to the clinic. 
For instance, while the historical median 
overall survival of unselected patients with 
stage IV NSCLC is 6 months, a recent 
cohort of 79 ALK-positive patients receiv-
ing two ALK inhibitors (first and second 
generation) sequentially was a remarkable 
49 months,126 underscoring the increasing 
importance of implementing patient access 
strategies in both developed and developing 
countries.

Regional disparities can be a result of 
limited availability of molecular testing 

facilities and the high cost of molecular 
targeted drugs. A recent survey on 22,193 
patients from 11 Asian countries reported 
that only 31.8% of surveyed patients 
with NSCLC underwent EGFR mutation 
analysis.91 The testing rate ranged from 
18.3% in developing country such as 
China to 64.8% in more developed Asian 
country such as Japan. Cytologic samples 
account for 66.7%, 73.3%, and 98% of all 
tested samples in Vietnam, the Philippines, 
and Indonesia, respectively. The quality of 
DNA material from cytologic samples is 
known to be inferior to biopsy. In contrast, 
Spicer et al92 performed a survey of 562 
oncologists from 10 developed countries, 
including Canada, France, Germany, the 
United States, and others, and reported 
a testing rate of 81%, where inadequate 
tumor tissue was the main reason for test 
omission. To date, there have been limited 
studies on the prevalence of EGFR muta-
tions in Africans and AAs. Two cohort 
studies have reported EGFR mutation rates 
in AAs of 2% (one of 53 patients with 
NSCLC) and 19% (23 of 121 patients 
with adenocarcinoma),50 whereas with 
the exception of one study from Morocco 
(21%, 29 of 137 patients),59 there have 
been no such profiling studies arising from 
the African continent. Geographic disparity 
in testing remains significant.

EGFR TKIs are generally expensive, cost-
ing between US$2,500 and US$4,000 per 
month. Many developed countries such 
as the United States and Canada follow 
a health care policy that provides full or 
partial reimbursement to all patients with 
known EGFR mutations. This approach 
would guarantee that almost all patients 
receive an EGFR TKI if they test positive for 
EGFR mutations. Other countries, such as 
Hong Kong, may provide limited partial 
reimbursement according to a patient’s 
financial need. However, a majority of 
developing countries do not reimburse at 
all. This implies that many patients from 
developing countries have limited access to 
EGFR TKIs even if they are proven to have 
EGFR mutation–positive NSCLC. In light 
of this disparity, several options have been 

Key points

• A single study using the 
rapid amplification of 
cDNA ends polymerase 
chain reaction method 
reported an exceptionally 
high incidence of 11.5% 
in China, whereas the 
majority of reports do 
not reflect a significant 
difference between 
Asian and non-Asian 
populations.

• Tyrosine kinase inhibitors 
(TKIs) targeting EGFR 
mutations and ALK 
rearrangement are 
established first-line 
therapy for patients who 
harbor the genomic 
alterations. 

• Multiple randomized 
phase III studies from 
Asia and Europe have 
confirmed the role of 
gefitinib, erlotinib, and 
afatinib in patients with 
EGFR mutations.

• A recent survey on 22,193 
patients from 11 Asian 
countries reported that 
only 31.8% of surveyed 
patients with NSCLC 
underwent EGFR mutation 
analysis.

• The testing rate ranged 
from 18.3% in developing 
country such as China to 
64.8% in more developed 
Asian country such as 
Japan.

• Cytologic samples account 
for 66.7%, 73.3%, 
and 98% of all tested 
samples in Vietnam, the 
Philippines, and Indonesia, 
respectively. The quality 
of DNA material from 
cytologic samples is 
known to be inferior to 
biopsy.

• Two cohort studies have 
reported EGFR mutation 
rates in AAs of 2% (one 
of 53 patients with 
NSCLC) and 19% (23 
of 121 patients with 
adenocarcinoma).
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explored to improve treatment access to 
patients. For example, a pharmaceutical 
company from China has developed ico-
tinib, which has been shown to be noninfe-
rior to gefitinib.93 In a randomized phase III 
study of 400 unselected patients, median 
progression-free survival times of icotinib 
and gefitinib were 4.6 and 3.4 months, 
respectively (P = .13). Only a small fraction 
of enrolled patients were found to harbor 
EGFR mutations. Although the scientific 
strength of the study is questionable, 
icotinib was nevertheless approved based 
on this trial. Other countries such as India 
basically allow generic versions of gefitinib 
even when the drug is still protected under 
international patency.

■■ Implications of genomic variation

It is anticipated that expanding knowledge 
of inherited and somatic genomics will fur-
ther advance our understanding of cancer 
genetics and lead to improved strategies 
for prevention, detection, and treatment 
of cancer. For instance, although current 
screening programs are still directed against 
high-risk cohorts based on lifestyle, age, 
or family history, it is conceivable that 
population-specific susceptibility variants 
will open possibilities for risk stratification 
or risk reduction interventions. In the case 
of prostate cancer, preventive interventions 
may also reduce the adverse consequences 
of screening experienced by some men.

However, there remain important consid-
erations before clinical implementation 
of susceptibility variants emerging from 
GWAS studies, which is underscored by the 
limited translation, to date, of the inher-
ited genome into clinically relevant tools 
that can be used for risk prediction or tar-
geted prevention or treatment. As implied 
earlier, population genomic features 
strongly influence the ability to detect and 
interpret genetic associations, and many 
variants identified to date from GWAS 
studies in white or Asian populations have 

not been replicated in AA populations. 
Lack of replication is a feature of many 
GWAS studies of disease and nondisease 
traits94,95 and can be explained by a variety 
of factors including limited capture of the 
population being studied (eg, African-
specific alleles), limited consideration of 
African-specific linkage disequilibrium, 
and inadequate knowledge of population 
substructure. Indeed, most GWAS studies 
to date have been undertaken using SNP 
panels based on the European or Asian 
genome, with limited representation of the 
African genome.96 A more complete and 
detailed representation of the genomes 
across different continents may improve 
our ability to identify susceptibility loci, 
because haplotype diversity in certain 
populations (eg, SSAs) is large and levels 
of linkage disequilibrium vary. Thus, spe-
cific studies in SSA populations, such as 
localization and fine mapping of suscep-
tibility alleles and improved evaluation of 
population structure to avoid biases as a 
result of population stratification, will be 
crucial to enhance interpretation of GWAS 
results and the potential clinical value of 
susceptibility loci.97

An appreciation of overall genomic archi-
tecture across diverse populations can also 
provide additional understanding about 
variant associations. For example, use of 
population genetics tools at previously 
described prostate cancer susceptibility loci 
can reveal evolutionary (eg, selective) forces 
that may have led to differences between 
African and non-African populations. Data 
obtained from multiple ethnicities can help 
explain why associations differ by different 
race/ethnicity groups (ie, because they have 
experienced different evolutionary forces). 
For example, why does a prostate cancer 
susceptibility haplotype confer evolution-
ary advantage in Africans but result in 
increased prostate cancer susceptibility in 
AAs? Such an approach can allow prioriti-
zation of specific loci as being more likely 
to explain the underlying cause of dispari-
ties across populations/ethnicities.

Key points

• In a randomized phase III 
study of 400 unselected 
patients, median 
progression-free survival 
times of icotinib and 
gefitinib were 4.6 and 
3.4 months, respectively 
(P = .13). 

• Only a small fraction of 
enrolled patients were 
found to harbor EGFR 
mutations.

• It is anticipated that 
expanding knowledge 
of inherited and 
somatic genomics will 
further advance our 
understanding of cancer 
genetics and lead to 
improved strategies for 
prevention, detection, and 
treatment of cancer.

• Most GWAS studies 
to date have been 
undertaken using SNP 
panels based on the 
European or Asian 
genome, with limited 
representation of the 
African genome.

• A more complete and 
detailed representation 
of the genomes across 
different continents may 
improve our ability to 
identify susceptibility 
loci, because haplotype 
diversity in certain 
populations (eg, SSAs) is 
large and levels of linkage 
disequilibrium vary.

• An appreciation of overall 
genomic architecture 
across diverse populations 
can also provide additional 
understanding about 
variant associations.

• Data obtained from 
multiple ethnicities 
can help explain why 
associations differ by 
different race/ethnicity 
groups (ie, because they 
have experienced different 
evolutionary forces).
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Regarding variation in the somatic genome, 
it remains feasible to screen for clinically 
relevant alterations at a scale and breadth 
that can be achieved through multiplexed 
profiling platforms,98,99 obviating the need 
to strictly limit the number of genetic mark-
ers for a specific population. We envision 
an increasing need for routine profiling 
of an expanding list of pharmacogenomic 
markers that can stratify patients to 
maximize efficacy and minimize risk of 
adverse events (Table 2). Moreover, the 
ability to interrogate whole exomes and 
genomes within clinically relevant time 
frames and cost will provide unprecedented 
opportunities to study the inherited and 
somatic genomes systematically. Studies 
examining the role of integrative large-
scale genomics and transcriptomics to 
assign therapies have yielded promising 
results,109,110 although the therapeutic pla-
teau imposed by acquired drug resistance 
and intratumoral heterogeneity remains 
a major challenge.111 Recent efforts at 
noninvasive biomarkers (eg, circulating 
free DNA) have facilitated the detection of 
emerging resistant clonal subpopulations 
over time, providing an avenue to interro-
gate mechanisms of drug resistance.112,113 
A recent study further demonstrated the 
feasibility of detecting genetic alterations 
in plasma from more than 80% of patients 
encompassing a broad range of cancer 
types, highlighting the potential role of 
blood-based genomic profiling as a non-
invasive test for disease monitoring and 
screening.114

■■ Emerging clinical genomics challenges 
in the global setting

Barriers to widespread adoption of large-
scale sequencing in both research and clini-
cal settings are evident in many countries. 
For example, despite the great opportuni-
ties to learn from the genomics of cancer 
in Africa, there are numerous potential 
roadblocks to realizing this potential. First, 
there is an inadequate workforce available 
to undertake genomic studies. Training of 

the next generation of scientists who can 
undertake these activities is critical. Among 
the few who have this training, there are 
issues of professional retention and devel-
opment to encourage continued work in 
this area, as well as to avert “brain drain” 
to developed countries. Ongoing training 
and sustained mentoring are important 
parts of professional development and 
retention. This may include the identi-
fication of funding for researchers and 
clinicians to attend relevant professional 
meetings. Second, there is inadequate 
infrastructure for quality data genera-
tion. These limitations include inadequate 
capacity for biospecimen handling and 
transfer from collection sites to process-
ing sites; inadequate database systems for 
receipt and documentation of specimen 
tracking, reporting, and archiving; and lack 
of basic working equipment for genomic 
and biomarker analysis. An important 
limitation in this regard is ready access to 
an uninterrupted supply chain of quality 
reagents. Third, protocols and practices 
may not be optimal or standardized for the 
needs of the local environment. Standard 
operating procedures, quality assurance, 
and quality control protocols often need 
to be put in place. Ongoing internal and 
external review mechanisms may not exist 
and may have to be established, particularly 
if clinical applications of the data are to be 
instituted.

Even after establishing sequencing facili-
ties, limited clinical infrastructure also 
hampers the implementation of genomic 
medicine, such as availability of genetic 
counseling, access to novel therapeutics, 
and sustainable funding structures for 
such genomic tests. Furthermore, the 
increasing depth and coverage required 
to uncover less common variants will 
result in large magnitudes of data and 
the need for stable secure bioinformat-
ics. Such genomic repositories linked to 
real-time capture of clinical phenotypes 
and outcomes are crucial to achieve clini-
cally meaningful research across diverse 
geographic and socioeconomic settings. 

Key points

• We envision an increasing 
need for routine profiling 
of an expanding list 
of pharmacogenomic 
markers that can stratify 
patients to maximize 
efficacy and minimize risk 
of adverse events.

• Studies examining the 
role of integrative large-
scale genomics and 
transcriptomics to assign 
therapies have yielded 
promising results. 

• Recent efforts at 
noninvasive biomarkers 
(eg, circulating free 
DNA) have facilitated 
the detection of 
emerging resistant clonal 
subpopulations over time, 
providing an avenue to 
interrogate mechanisms 
of drug resistance.

• A recent study further 
demonstrated the 
feasibility of detecting 
genetic alterations in 
plasma from more 
than 80% of patients 
encompassing a broad 
range of cancer types, 
highlighting the potential 
role of blood-based 
genomic profiling as 
a noninvasive test for 
disease monitoring and 
screening.

• There is an inadequate 
workforce available to 
undertake genomic 
studies. Training of 
the next generation 
of scientists who can 
undertake these activities 
is critical.

• An important limitation in 
this regard is ready access 
to an uninterrupted supply 
chain of quality reagents.
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■■ TABLE 2 - Single studies that have compared the prevalence of clinically actionable biomarkers 
across different ethnic groups

Cancer and biomarker Method Population prevalence Clinical implication

Colorectal cancer

KRAS100 (s) Sequencing African American: 23% 
(44/194); non-Hispanic 
white: 15% (13/86)

Mutant KRAS predicts for 
lack of response to EGFR 
monoclonal antibodies

MSI100 (g) Nucleotide markers:  
NR21, NR22, NR24, 
NR27, BAT25, BAT26

African American: 9% 
(38/409); non-Hispanic 
white: 9% (12/68)

MSI-high implies impaired 
DNA mismatch repair; may 
indicate underlying Lynch 
syndrome; also may predict 
for response to immune 
checkpoint inhibitors

Prostate cancer

TMPRSS-ERG101 (s) FISH Japanese: 15.9% (7/44); white 
American: 50.0% (21/42); 
African American: 31.3% 
(20/64)

May imply sensitivity to 
abiraterone acetate

PTEN102 (s) FISH Chinese: 5.4% (5/93); white 
United Kingdom: 29.7% 
(46/155)

May predict for sensitivity to 
certain PI3K inhibitors

PTEN37 (s) FISH White: 19.8% (19/96); African 
American: 6.9% (7/101)

May predict for sensitivity to 
certain PI3K inhibitors

Lung cancer

EGFR45 (s) Sequencing Japan: 27% (71/263); Taiwan: 
34% (32/93); United States: 
14% (11/80); Australia: 7% 
(6/83)

Predicts for sensitivity to EGFR 
tyrosine kinase inhibitors

EGFR103 (s) Sequenom African American: 8.7% 
(12/137); white: 6.0% 
(20/335)

Predicts for sensitivity to EGFR 
tyrosine kinase inhibitors

KRAS104 (s) Sequenom Chinese: 10.9% (10/91); 
white: 31.6% (44/139)

Predicts for resistance to EGFR 
tyrosine kinase inhibitors

ALK75,105 (s) FISH Chinese: 6.8% (54/793); 
white: 5.6% (20/358)

Predicts for sensitivity to ALK 
inhibitors

Breast cancer

Triple negative106 (s) IHC African (Nigerian): 48.1% 
(101/210); white (United 
Kingdom): 14.5% (44/304)

May imply higher sensitivity to 
platinum chemotherapy and 
PARP inhibitors

HER2 amplification107 (s) IHC or FISH Asian: 20% (2,006/8,441): 
black: 17% (941/4,848); 
white: 13% (7,700/50,248)

Predicts for sensitivity to HER2-
targeting antibodies

Gastric cancer

HER2 amplification108 (s) FISH or IHC 3+ Asia-Pacific: 23.9% 
(454/1,900); Europe: 23.6% 
(188/795); Central/South 
America: 16.1% (78/484)

Predicts for sensitivity to HER2-
targeting antibodies

EGFR, epidermal growth factor receptor; FISH, fluorescent in situ hybridization; g, germline/inherited; IHC, immunohistochemistry; MSI, microsatellite instability; 
NSCLC, non–small-cell lung cancer; PARP, poly (ADP-ribose) polymerase; PI3K, phosphoinositide 3-kinase; PCR, polymerase chain reaction; s, somatic.
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In this regard, efficient sharing of treatment 
experience between health care providers 
across institutions should be prioritized to 
accelerate biomarker discovery and more 
timely implementation of genomics-driven 
cancer care. The success of these endeavors 
will be dependent on developing scaled 
approaches tailored to specific populations 
and deploying appropriate technologies in 
diverse economic settings. Such disparities 
can also be bridged by forging partner-
ships between cancer programs in devel-
oped and developing countries, facilitating 
professional development (eg, through 
fellowships or exchange programs), 
and undertaking collaborative projects that 
apply leverage to the unique phenotypes in 
either setting.

■■ Impact of genomic diversity on global 
drug development strategies

Given the significant population diversity 
described earlier, due consideration should 
be given to evaluating novel therapeutic 
agents across different ethnic groups. An 
illustrative example is the development of 
gefitinib, where population differences 

were already revealed in four phase I 
trials conducted across three continents 
(Figure 3), and yet definitive registration 
trials were obligated to be conducted only 
in Asia, several years after the high-profile 
failures of phase III trials including mainly 
white patients. Pan-cancer sequencing 
efforts have since revealed the majority 
of common therapeutically tractable 
alterations,119 of which a proportion exhibit 
some degree of variation across different 
populations (Table 2). A question yet to be 
resolved is whether these differences are a 
function of race or ethnicity per se (includ-
ing nongenomic correlates of race) or 
whether they simply reflect the difference 
in frequency of genomic changes observed 
across racial/ethnic groups. Although 
drug responses linked to defined genomic 
markers appear similar across popula-
tions (Table 1), whether this will apply to 
emerging candidates, some of which may 
be more susceptible to epistatic effects, 
remains to be seen. Certainly, we are 
beginning to observe examples of popula-
tion differences in treatment responses as a 
result of genotype (eg, BIM deletion poly-
morphism in EGFR mutant NSCLC),120 as 
well as cell of origin–specific differences in 

FIGURE 3 ■■■Developmental timeline for gefitinib and initial results from phase I trials.

IDEAL, Iressa Dose Evaluation in Advanced Lung Cancer; INTACT, Iressa Non–Small-Cell Lung Cancer Trial Assessing Combination Treatment; i-PASS, Iressa 
Pan-Asia Study; ISEL, Iressa Survival Evaluation in Lung Cancer.

Key points

• The success of these 
endeavors will be 
dependent on developing 
scaled approaches tailored 
to specific populations 
and deploying appropriate 
technologies in diverse 
economic settings.

• Given the significant 
population diversity 
described earlier, due 
consideration should be 
given to evaluating novel 
therapeutic agents across 
different ethnic groups.

• A question yet to be 
resolved is whether these 
differences are a function 
of race or ethnicity per se 
(including nongenomic 
correlates of race) or 
whether they simply 
reflect the difference in 
frequency of genomic 
changes observed across 
racial/ethnic groups.
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EGFR feedback activation in BRAF mutant 
colon cancer and melanoma,121 suggest-
ing that the quality of response can differ 
depending on the genetic and epigenetic 
context. Moving forward, knowledge of 
race/ethnicity and single genetic mark-
ers may not be sufficient, with spatial 
and longitudinal interrogation of the 
multidimensional “omic” landscape across 
individual tumors necessary to devise opti-
mal treatment strategies. The next wave 
of therapeutics will likely require consid-
eration of signaling networks,122 adaptive 
resistance mechanisms, and cell context–
specific factors, where other factors such 
as enhancers, histone modification, and 
interaction with other DNA elements need 
to be established.123 In addition, novel anti-
cancer strategies such as RNA interference 
delivered through lipid nanoparticles124 
and stapled peptides125 (eg, MDM2-p53 
peptide, NCT02264613) are beginning to 
enter the clinic, providing greater finesse 
in calibrating personalized therapeutic 
approaches. It is essential to understand 
the ethnic, geographic, and genomic 
diversity to apply such novel therapeutics 
on a global scale. Accumulation of data 
on genome-wide interindividual differ-
ences will eventually feature not just as 
prognostic and predictive biomarkers in 
cancer, but also the blueprint for develop-
ing unique, rational treatment combina-
tions specific to each patient.

■■ Conclusion

Cancer genomics has yielded profound 
insights into disease biology and is poised 
to transform oncologic care. Integra-
tion of genomic tests into routine clinical 
practice has already made a significant 
impact on the outcomes of certain molecu-
larly defined cancers. Unequal access 
to genomic tests and novel compounds 
remains a pervasive problem, as exempli-
fied by NSCLC in Asia. Despite significant 
logistical challenges with cross-border 
research efforts, ethnic and geographic 
population differences represent prime 
opportunities to gain insights into unique 
disease traits. As illustrated by prostate 
cancer in African populations, inadequate 
research infrastructures in developing coun-
tries hamper these efforts but could be 
surmounted through bridging collaborative 
research programs with developed coun-
tries. Similar to a free-market economy, 
health care disparities in the genomic era 
are set to broaden unless actively addressed 
and regulated in a concerted manner. 
Multinational and multiethnic collabora-
tions in cancer genomics and cohesive 
efforts on cost management are required 
to understand the diversity and to close 
disparities in cancer prevention, detection, 
and treatment.
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■■ Cancer risks for PMS2-associated 
Lynch syndrome

AUTHORS
Ten Broeke SW, van der Klift HM, Tops CMJ, Aretz S, 
Bernstein I, Buchanan DD, de la Chapelle A, Capella G, 
Clendenning M, Engel C, Gallinger S, Gomez Garcia E, 
Figueiredo JC, Haile R, Hampel HL, Hopper JL, 
Hoogerbrugge N, von Knebel Doeberitz M, Le 
Marchand L, Letteboer TGW, Jenkins MA, Lindblom A, 
Lindor NM, Mensenkamp AR, Møller P, Newcomb PA, 
van Os TAM, Pearlman R, Pineda M, Rahner N, 
Redeker EJW, Olderode-Berends MJW, Rosty C, 
Schackert HK, Scott R, Senter L, Spruijt L, Steinke-
Lange V, Suerink M, Thibodeau S, Vos YJ, Wagner A, 
Winship I, Hes FJ, Vasen HFA, Wijnen JT, Nielsen M, 
Win AK.

PURPOSE
Lynch syndrome due to pathogenic variants in the DNA 
mismatch repair genes MLH1, MSH2, and MSH6 is 
predominantly associated with colorectal and endome-
trial cancer, although extracolonic cancers have been 
described within the Lynch tumor spectrum. However, 
the age-specific cumulative risk (penetrance) of these 
cancers is still poorly defined for PMS2-associated Lynch 
syndrome. Using a large data set from a worldwide 
collaboration, our aim was to determine accurate pene-
trance measures of cancers for carriers of heterozygous 
pathogenic PMS2 variants.

METHODS
A modified segregation analysis was conducted that 
incorporated both genotyped and nongenotyped rela-
tives, with conditioning for ascertainment to estimates 
corrected for bias. Hazard ratios (HRs) and correspond-
ing 95% CIs were estimated for each cancer site for 
mutation carriers compared with the general popula-
tion, followed by estimation of penetrance.

RESULTS
In total, 284 families consisting of 4,878 first- and 
second-degree family members were included in the 
analysis. PMS2 mutation carriers were at increased risk 
for colorectal cancer (cumulative risk to age 80 years of 
13% [95% CI, 7.9% to 22%] for males and 12% [95% 
CI, 6.7% to 21%] for females) and endometrial cancer 
(13% [95% CI, 7.0%–24%]), compared with the gen-
eral population (6.6%, 4.7%, and 2.4%, respectively). 

There was no clear evidence of an increased risk of 
ovarian, gastric, hepatobiliary, bladder, renal, brain, 
breast, prostate, or small bowel cancer.

CONCLUSION
Heterozygous PMS2 mutation carriers were at small 
increased risk for colorectal and endometrial cancer 
but not for any other Lynch syndrome-associated can-
cer. This finding justifies that PMS2-specific screening 
protocols could be restricted to colonoscopies. The role 
of risk-reducing hysterectomy and bilateral salpingo-
oophorectomy for PMS2 mutation carriers needs fur-
ther discussion.

REFERENCE
J Clin Oncol 2018;36(29):2961–2968.

■■ BMS-986205, an indoleamine 
2,3-dioxygenase 1 inhibitor (IDO1i), 
in combination with nivolumab 
(NIVO): Updated safety across all 
tumor cohorts and efficacy in pts 
with advanced bladder cancer 
(advBC)

AUTHORS
Josep Tabernero, Jason J. Luke, Anthony M. Joshua, 
Andrea I. Varga, Victor Moreno, Jayesh Desai, Ben 
Markman, Carlos Alberto Gomez-Roca, Filippo G. De 
Braud, Sandip Pravin Patel, Matteo S. Carlino, Lillian L. 
Siu, Giuseppe Curigliano, Zhaohui Liu, Yuko Ishii, Penny 
Phillips, Megan Wind-Rotolo, Paul Andrew Basciano, 
Alex Azrilevich, Karen A. Gelmon.

BACKGROUND
NIVO (anti–PD-1) has shown durable responses and 
manageable safety (ORR, 19.6%; grade 3–4 treatment-
related AEs [TRAEs], 18%) in pts with advBC (Sharma P, 
et al. Lancet Oncol 2017), but prolonging survival in 
more pts requires additional approaches to overcome 
tumor evasion mechanisms. IDO1 allows tumor escape 
through kynurenine (KYN) production, which stimulates 
development of regulatory T cells and suppresses effec-
tor T-cell proliferation. Anti–PD-1 therapy can upregu-
late IDO1, supporting the rationale for combining NIVO 
with an IDO1i. BMS-986205 is a selective, potent, 
once-daily (QD), oral IDO1i that works early in the IDO1 
pathway to reduce KYN production. BMS-986205 + 
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NIVO demonstrated a favorable safety profile and 
antitumor activity in heavily pretreated pts with select 
solid tumors (Luke J, et al. SITC 2017; NCT02658890). 
Updated safety across all tumor cohorts and efficacy in 
the advBC cohort are reported. 

METHODS
Dose-escalation methods of this phase 1/2a, open-
label study were previously described; during expan-
sion, pts received BMS-986205 100 or 200 mg QD + 
NIVO 240 mg IV Q2W or 480 mg IV Q4W. Objectives 
included safety and ORR by RECIST v1.1 (includes 
unconfirmed [u] responses). Prior IO therapy was per-
mitted in the advBC cohort. 

RESULTS
As of Dec 15, 2017, 434 pts received BMS-986205 + 
NIVO. TRAEs were reported in 51% of pts (grade 3–4, 
12%), the most common being fatigue (13%) and nau-
sea (10%); 16 pts (4%) discontinued due to TRAEs, and 

1 pt died due to a TRAE (myocarditis). With a median 
follow-up of 17 wk (range, 4–53), the ORR among 
29 pts with advBC was 34% (1 u CR, 9 PRs [1 u]), and 
the disease control rate (DCR) was 48%. Of 29 pts, 26 
had no prior IO therapy; ORR in these pts was 38% (1 u 
CR, 9 PR [1 u]), and the DCR was 54%. ORR in pts with 
tumor PD-L1 ≥ 1% (Dako PD-L1 IHC 28-8 pharmDx 
assay; n = 15) vs. < 1% (n = 11) was 47% vs. 27%. 

CONCLUSIONS
BMS-986205 + NIVO was well tolerated, with a safety 
profile similar to that of NIVO monotherapy. Preliminary 
evidence of efficacy was observed in advBC, supporting 
further evaluation of BMS-986205 + NIVO. Updated 
data by dose and subgroup in the advBC cohort will be 
presented.

REFERENCE
J Clin Oncol 2018;36(Supl 15):4512–4512.
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1 About the recently approved atezolizumab, which of 
the following IS NOT TRUE?

A. It is a monoclonal antibody anti–programmed 
cell death ligand-1.

B. It is approved for metastatic urothelial 
bladder cancer progressing during or after 
platinum-based chemotherapy.

C. Many new treatments have become available 
for metastatic urothelial bladder cancer in 
the last 5 years.

D. Approval was based on a single-armed, 
multinational study that showed an overall 
response rate (ORR) of 15% with significant 
durability.

2 There are now four different EGFR-TKIs approved in 
the United States and around the world for patients 
with lung cancer with mutations of EGFR. Which of 
the following statements is NOT TRUE?

A. EGFR-TKIs are part of the initial treatment for 
approximately 15% of patients with NSCLC 
cancer.

B. Patients with EGFR mutations are likely to 
live for 2.5 years from their diagnosis of met-
astatic lung cancer.

C. Patients without the mutation treated with 
chemotherapy survive for 4 years.

D. The L858R mutation is present in preclinical 
cell line models that are sensitive to gefitinib.

3 The ability to characterize cancers into finer and 
finer subgroups has been aided tremendously by the 
advent of next-generation sequencing (NGS), which 
has permitted the rapid and inexpensive classifica-
tion of tumors by genomic makeup. Genomic clas-
sification has allowed the use of targeted therapies 
in patients with selected tumor molecular subtypes, 
such as:

A. Dabrafenib for BRAF-mutated melanomas. 
B. Crizotinib for ALK-rearranged non–small cell 

lung cancer.

C. Imatinib for dermatofibrosarcoma protuber-
ans with PDGFB alterations.

D. All of the above are true. 

4 Selecting the appropriate test is important in the 
diagnostic process and depends on the type of alter-
ations that need to be assayed. Which of the follow-
ing statements IS TRUE:

A. Single nucleotide variant (SNV) is fairly 
straightforward and readily measured by 
next-generation sequencing (NGS).

B. Small insertions and deletions, 20 bp are 
more challenging.

C. The presence of small insertions and dele-
tions, especially near the end of a read, 
causes misalignment as software tries to find 
the best match by adding gaps.

D. All of the above are true.

5 Genomic classification has allowed the use of tar-
geted therapies in patients with selected tumor 
molecular subtypes. All of the following are correct 
EXCEPT:

A. Dabrafenib for BRAF-mutated melanomas.
B. Crizotinib for ALK-rearranged non-small cell 

lung cancer.
C. Imatinib for dermatofibrosarcoma protuber-

ans with PDGFB alterations.
D. All are correct.

6 Nanopore sequencing involves directing individual 
DNA strands through a small channel that can 
accommodate only one strand of DNA at a time. 
Which of the following IS NOT a characteristic of this 
technique? 

A. This method is currently only used in a clinical 
setting.

B. This technology is the least well developed at 
this time. 

■■ Questions
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C. This technology is fairly error prone.
D. This technology is the most costly.

7 The Cancer Genome Atlas data reflects a cohort 
of patients with muscle-invasive bladder cancer. In 
a series of 131 patients with pT2-4aNxMx disease, 
detailed genomic characterization revealed that up to 
69% of patients had actionable therapeutic targets. 
Which of the following statement IS NOT TRUE?

A. The preponderance of these targets was in 
the phosphatidylinositol 3-kinase (PI3K)/Akt/
mammalian target of rapamycin (mTOR) sign-
aling pathway.

B. This target was found in 42% of patients in 
this series.

C. Approximately 9% of patients had inactivat-
ing mutations in PIK3CA.

D. 9% of patients had mutation or deletion of 
TSC1 or TSC2.

8 Desmoid tumors (DTs), or aggressive fibromatosis, 
are classified as benign tumors because of their lack 
of metastatic potential and low risk of mortality. 
Although these tumors could be present anywhere. 
Which of the following locations IS NOT typical?

A. Liver. 
B. Neurovascular bundle of the limb. 

C. Root of the mesentery.
D. Abdominal wall.

9 Which of the following major cancers has the highest 
familial risks and heritability:

A. Colon.
B. Prostate.
C. Bladder.
D. Stomach.

10 About Cancer Risk PSM2-associated Lynch Syndrome:

A. Homozygotous PMS2 mutation carriers were 
at small increased risk for liver and cervix 
cancer but not for any other Lynch syndrome-
associated cancer.

B. Heterozygous PMS2 mutation carriers were at 
small increased risk for colorectal and endo-
metrial cancer but not for any other Lynch 
syndrome-associated cancer.

C. Homozygotous PMS2 mutation carriers were 
at small increased risk for colorectal and 
endometrial cancer but not for any other 
Lynch syndrome-associated cancer.

D. None of the above is true.

Enter at www.oncobladder.org to complete the
self-assessment in order to obtain the  

credits and the certificate of this program
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