
replicate substantial characteristics of
human cancer, and when we identify a
drug that works in an avatar model, it
usually works effectively against that
patient tumor in the human, too. It’s a
very strong tool.”

A body of research proves the efficacy
of PDX models, echoing Hidalgo’s com-
mentary on the precision with which a
mouse avatar can model a human’s can-
cer. One study noted that the observed
PDXs preserved the histopathology,
genome architecture, and global gene
expression of donor tumors (Cancer Res.
2014;74:1272–83; doi:10.1158/0008-
5472.CAN-13-2921-T). In a 2014 review of
PDX literature, Hidalgo praised PDX
models for improving on xenografts by
allowing scientists to test against a
many-celled heterogeneous tumor rep-
resentation, not just one simple cell line
(Cancer Discov. 2014;9:998–1013;
doi:10.1158/2159-8290.CD-14-0001).

However, to make the approach use-
ful beyond the lab, scientists would need
to improve PDX substantially. The most
important barrier is the timeline on
which most avatar models operate.

“If you’re truly trying to personalize
medicine, a system like this is where you
need to go, where you’re actually taking
that person’s tumor and then testing a
bunch of therapies on it and then decid-
ing from there where to go,” Guerra said.
“But realistically, especially with aggres-
sive tumors, you’d want to answer that
question within weeks, rather than
months. Right now, this is not some-
thing we can use in real time.”

PDX models can take more than
6 months to become useful to a
patient—but most patients can’t wait
that long to receive treatment. Once
doctors extract the tumor cells from the
patient, they work to expand the
tumors, which can take 3 months or

more. Finally, they implant those cells
into various mouse models—but those
avatar models can take months to yield
useful results.

One reason that PDX modeling isn’t
that effective yet for cancer patients is
that certain tumors don’t take very well
in mice. Sometimes scientists implant
tumors that simply won’t grow, Guerra
said, probably as a result of attacks by a
mouse’s immune system. Generally, sci-
entists use immunocompromised mice
in PDX modeling to shorten the process
as much as possible.

“Using immunodeficient mouse mod-
els will facilitate the take and generation
of [tumors],” Hidalgo said. “But we don’t
know if using immunodeficient mice as
hosts will give us the same kind of
results. Are we changing too much?”

That question inspired Hidalgo and his
team to build a line of immune-competent
mice. The researchers hope to speed the
process without muting a mouse’s
immune system. That approach may help
scientists better understand how the
immune system, cancer, and possible
therapies in avatar models interact.

“Right now, we can’t study immuno-
therapies well in these compromised
models,” Hidalgo said. “But if they
actually have an immune system, this is
the next step forward.”

As for tumor expansion, the issue of
time spent could be ameliorated by
developing a growth cocktail to speed
cell expansion, a technique often used in
stem cell research (Lab. Hematol.
2006;12:86–93; doi:10.1532/LH96.05033).

Hidalgo and his team are also work-
ing with models that use miniorgans,
called organoids, in their lab. They grow
those organoids from each patient’s can-
cer tissues and expose them to planned
courses of therapy. Organoid models can
be useful platforms for first-wave testing

fields, allowing Hidalgo and his team to
look at possible therapies in a controlled
setting, later using mouse avatars to val-
idate the findings (see J. Natl. Cancer Inst.,
April 2017, issue 4; doi:10.1093/jnci/
djx081).

“These are complementary tools,” he
said.

At the Laboratory for Advanced
Genome Analysis, Collins and his col-
league, Yuzhuo Wang, Ph.D., appear to
have genuinely accelerated PDX by
implanting tumor cells directly into mice
without expanding the cells first. Ortho-
topic grafting, which involves directly
implanting patients’ tumor tissue into the
corresponding mouse organ, also appears
to speed the acceptance of a tumor in a
mouse model. Researchers there have
used those techniques to reduce PDX
modeling—from tumor extraction to
patient treatment—from 6 months to
about 2.

PDX modeling also is expensive: One
model can cost more than $20,000. Until
scientists increase access to those thera-
pies and reduce time spent, that cost will
be prohibitive for most patients. So
although PDX modeling could change can-
cer therapeutics dramatically, the technol-
ogy will prove fully useful only if it’s faster.

“When I first started at this work, I
was told with great confidence that it
was impossible to grow prostate tumors
in mice. Then I was told, ‘They might
grow, but they won’t reflect the patient,’”
Collins said. “The biggest change has
been that now, people actually trust that
these are good representations of a
patient’s tumor. These can be extraordi-
nary models.”

© Oxford University Press 2017.
DOI:10.1093/jnci/djx151

Thyroid Cancer’s Overdiagnosis Problem

Sue Rochman

For the past three decades, rates of
thyroid cancer incidence have risen.
According to researchers, better cancer
detection accounts for that increase.
Women and men diagnosed and suc-
cessfully treated for thyroid cancer also
are likely to attribute their survival to
improved detection. Yet the U.S. Preven-
tive Services Task Force (USPSTF) advises

against routine thyroid cancer screening
in people without symptoms.

Overdiagnosis—finding cancers that
would never go on to do any harm—is
another aspect of cancer screening that
works, when doctors get good at detect-
ing a cancer early and saving people’s
lives. USPSTF’s first recommendation
against screening for thyroid cancer,

published in 1996, said no evidence
existed that screening improved out-
comes. An update, published in the Jour-
nal of the American Medical Association on
May 9, 2017 (doi:10.1001/jama.2017.4011),
also advised against routine screening.
Three thyroid cancer statistics that indi-
cate overdiagnosis support that conclu-
sion: increased incidence, little change
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in mortality, and a 5-year overall sur-
vival rate of 98.1%.

H. Gilbert Welch, M.D., M.P.H., and
Louise Davies, M.D., M.S., professors at
the Dartmouth Institute for Health Policy
and Clinical Practice in Lebanon, N.H.,
have studied the increased incidence of
thyroid cancer in the U.S. Their initial
study, published May 10, 2006, in the
JAMA (doi:10.1001/jama.295.18.2164),

looked at U.S.
data from 1973
to 2002. Their
April 2014
paper in JAMA
Otolaryngology—
Head and Neck
Surgery
(doi:10.1001/
jamaoto.2014.1)
updated their
analyses,
reviewing data
through 2009.
For both peri-
ods, they
reported

increased diagnoses in small papillary
cancers, with no changes in mortality.
They wrote that the U.S. was seeing an
epidemic of diagnosis, not one of disease.

“There is no evidence that thyroid
cancer screening helps people, and it can
lead to harm,” said Welch, who wrote
one of the aforementioned editorials
(doi:10.1001/jamainternmed.2017.1198).
“To me, it doesn’t get any clearer. When
we have pathologists who have long rec-
ognized that this extremely rare cause of
death is nonetheless an extremely com-
mon finding at autopsy, it’s a place we
shouldn’t be looking for cancer.”

Yet people are looking. The increased
incidence rates—from 4.8 per 100,000 peo-
ple in 1975 to 15.0 in 2014—have boosted
survivors’ advocacy efforts. Support pro-
grams are available for people diagnosed
with thyroid cancer and to educate others
about the disease. Those efforts have
included, for example, the Light of Life
Foundation’s “Check Your Neck” cam-
paign, which featured Brooke Shields and
Cindy Crawford and carried the tag line
“It’s not just looks that can kill. Have your
neck checked for thyroid cancer.”

Gary Bloom, executive director of
ThyCa: the Thyroid Cancer Survivors’
Association, said he was disappointed but
not surprised by the task force’s decision
to not change its recommendation.

“We could understand them saying
no to ultrasound, but we think palpation
is very important because it is an easy
way to detect a problem,” he said. “The

question for ThyCa is whether avoiding
palpation leads to a number of diagno-
ses’ being deferred until after the cancer
has advanced. We embrace the idea that
early diagnosis is best.”

“We assessed the available

evidence and determined

that the harms of screening

for thyroid cancer in patients

without signs or symptoms

outweigh its benefits.”

Bloom said ThyCa would continue to
encourage people to ask their doctor to
examine their neck at routine appoint-
ments. “We would prefer that there be
awareness and that if there is a cancer
diagnosis, the question would be ‘is
treatment necessary?’ and, if so, how to
treat it,” he said.

Julie Sosa, M.D., M.A., chief of endo-
crine surgery and leader of the endocrine
neoplasia diseases group at the Duke
Cancer Institute in Durham, N.C., also
cowrote an editorial alongside the new
USPSTF recommendation. She said she
is worried that people at high risk for
thyroid cancer could mistakenly believe
that the “don’t screen” message applies
to them. That group includes people
with previous radiation exposure to the
face, neck, or chest (especially in child-
hood or adolescence); a low-iodine diet;
an inherited genetic syndrome; or a close
family member with thyroid cancer.
Sosa also noted that some doctors could
infer from the guidelines that neck
checks aren’t needed at all.

Task force member C. Seth Landefeld,
M.D., chairman of the department of
medicine at the University of Alabama at
Birmingham School of Medicine,
responded: “The task force specifically
recommends against neck exams to
screen for thyroid cancer in patients
without signs or symptoms. We assessed
the available evidence and determined
that the harms of screening for thyroid
cancer in patients without signs or
symptoms outweigh its benefits. We did
not assess the question of whether a
neck exam should be performed annu-
ally for other reasons.”

The harm occurs when thyroid can-
cers that would never have caused prob-
lems are diagnosed and then treated
with surgery and radioactive iodine ther-
apy, which can result in long-term side
effects, such as hypothyroidism.

Sosa expressed another concern:
From 1974 through 2013, the incidence of
thyroid tumors of all sizes increased,
including the largest and most advanced
tumors. She and coauthors reported that
finding in the April 4, 2017, JAMA
(doi:10.1001/jama.2017.2719). A small
increase in mortality of 1.1% per year
overall and 2.9% per year for advanced
papillary thyroid cancers also occurred.

“This gives me pause as a clinician,”
Sosa said. “I believe that overdiagnosis is
a very important contributor to the
increasing incidence in thyroid cancer,
and it may indeed account for the major-
ity. But our data show it is not the sole
explanation.”

Jochen Lorch, M.D., M.S., director of
the thyroid center at the Dana–Farber
Cancer Institute in Boston, who was not
involved with the study, said, “I believe
that the increase in mortality [the paper
found] is probably real, and there may be
an increase in larger lesions that are
somewhat more likely to cause prob-
lems, including death. I still believe that
the increasing incidence we are seeing is
largely due to better diagnostic techni-
ques and increased awareness about the
problem. But it does highlight that this
disease can behave rather aggressively
in a relatively small number of patients.”

Lorch also noted that doctors are
developing ways to reduce overtreatment
that can result from overdiagnosis. He
pointed to the new diagnostic criteria pub-
lished in the August 2016 JAMA Oncology
(doi:10.1001/jamaoncol.2016.0386) that
reclassified one type of thyroid cancer as a
noninvasive growth that did not need to
be treated. The change could allow about
10,000 people per year in the U.S. to avoid
thyroid cancer treatment.

Meanwhile, better treatment methods
are needed for the aggressive thyroid
tumors that will kill about 2,010 people in
the U.S. this year. Cari Kitahara, Ph.D., an
epidemiologist at the National Cancer
Institute and a coauthor with Sosa of the
new JAMA study, said that concern about
an increase in those tumors shouldn’t be
translated into calls for more screening.

“These cancers are uncommon,” Kita-
hara said. “Widespread screening is
going to find more of the cancers that
don’t need to be treated. What we need
is basic science and epidemiologic
research that will allow us to determine
who is at risk for more aggressive types
and focus our efforts on those people.”

© Oxford University Press 2017.

DOI:10.1093/jnci/djx153

N
EW

S

News | 3 of 6


