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After years of 
preparation, 
Stanford medi-
cal students  
finally discov-
ered where 
they’ll be for the 
next phase of 
their education.
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By Krista Conger

Researchers at the School of Medi-
cine have devised a way to signifi-
cantly increase the sensitivity of 

a technique to identify and sequence 
DNA from cancer cells circulating in a 
person’s blood.

The hope is that such “liquid biop-

sies” of easily obtained blood samples 
could one day replace the need to surgi-
cally obtain tumor tissue for study. 

The new approach works by identify-
ing errors that occur when tumor DNA 
is captured from the blood and prepared 
for sequencing. Removing these errors 
from the sequencing results allows re-
searchers to more accurately identify true 

cancer-associated mutations from even 
very small amounts of starting material.

“Now we can detect even more sensi-
tively the presence of specific mutations 
in the cancer DNA that could help drive 
treatment choices or detect the pres-
ence of residual cancer,” said Maximilian 
Diehn, MD, PhD, an assistant profes-
sor of radiation 

New approach boosts tracking  
of blood-borne cancer DNA

Personal voice assistants are increasingly used by 
smartphone owners for a range of health questions, 
but in a new study the telephone conversational agents 
responded inconsistently and incompletely to simple 
questions about mental health, rape 
and domestic violence.

Often, the phone assistants did 
not recognize the nature of the con-
cern or they failed to refer the caller 
to appropriate resources, such as a 
suicide prevention helpline, accord-
ing to the joint study by UC-San 
Francisco and the Stanford School 
of Medicine.

The paper was published March 
14 in JAMA Internal Medicine.

Siri, one of the best known con-
versational agents, springs into ac-
tion if she hears “I want to commit 
suicide,” providing the number of 
the National Suicide Prevention 
Lifeline and offering to do the dial-
ing. But Siri, much like other con-
versational agents, has never heard 
of rape or domestic violence, the 
researchers found.

“Depression, suicide, rape and domestic violence are 
widespread but under-recognized public health issues,” 
said Eleni Linos, MD, DrPH, an assistant professor at 
UCSF and senior author of the paper. “This is a huge 

problem, especially for women and vulnerable popula-
tions. Conversational agents could be a part of the solu-
tion. As ‘first responders,’ these agents could help by 
referring people to the right resources during times of 
need.”

Intelligence gaps

Some 200 million adults in the United States own a 
smartphone, and more than 60 percent use the phone 
for health information. Conversational agents are 
smartphone-based computer programs designed to re-
spond to users in “natural” language that mimics real 
conversations.

The study findings point to significant gaps in the 
artificial intelligence of the conversational agents, which 
are typically part of a phone’s operating system. They 
found that Siri and other smartphone intelligent as-
sistants trivialized some important inquiries or failed 
to provide appropriate information, particularly when 
it came to questions about interpersonal violence and 
rape.

Linos said the focus on interpersonal violence origi-
nated during a brainstorm session to discuss research 
projects linking conversational agents, psychology and 
public health.

“We pulled out 

Study asks whether smartphones can answer the call for help

By Bruce Goldman

Investigators at Stanford have identi-
fied a small group of nerve cells in a spe-
cific brain region of rats whose signaling 
activity, or lack of it, explains the vast 
bulk of differences in risk-taking prefer-
ences among the animals.

That activity not only predicts but ef-
fectively determines whether an animal 
decides to take a chance or stick with the 
safe choice.

The findings expand on noninva-
sive research conducted previously in 

humans. “Humans and rats have simi-
lar brain structures involved,” said Karl 
Deisseroth, MD, PhD, professor of bio-
engineering and of psychiatry and be-
havioral sciences. “And we found that a 
drug known to increase risk preference in 
people had the same effect on the rats. So 
every indication is that these findings are 
relevant to humans.

“Risky behavior has its moments 
where it’s valuable,” he added. “As a spe-
cies, we wouldn’t have come as far as we 
have without it.”

But a propensity 

Scientists pinpoint 
brain circuit for 
risk preference
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Maximilian Diehn and Ash Alizadeh are senior authors of a study that describes an improved method for detecting cancer DNA from blood samples.
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Adam Miner was the lead author of a study that examined the responses of personal voice 
assistants to health-related queries.
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By Jennie Dusheck

A study of millions of journal articles 
shows that their authors are increasingly 
reporting p-values but are often doing so 
in a misleading way, according to a study 
by researchers at the School of Medicine. 
P-values are a measure of statistical sig-
nificance intended to inform scientific 
conclusions.

Because p-values are so often mis-
applied, their increased use probably 
doesn’t indicate an improvement in the 
way biomedical research is conducted or 
the way data are analyzed, the researchers 
found.

“It’s usually a suboptimal technique, 
and then it’s used in a biased way, so it 
can become very misleading,” said John 
Ioannidis, MD, DSc, professor of dis-
ease prevention and of health research 
and policy and co-director of the Meta-
Research Innovation Center at Stanford.

The study was published March 15 
in JAMA. Ioannidis is the senior author. 
The lead author is David Chavalarias, 
PhD, director of the Complex Systems 
Institute in France.

When p-values = embarrassment

The Ioannidis team used automated 
text mining to search the biomedical da-
tabases MEDLINE and PubMed Central 
for the appearance of p-values in millions 
of abstracts, and also manually reviewed 
1000 abstracts and 100 full papers. All 
the papers were published between 1990 
and 2015.

The widespread misuse of p-values 
— often creating the illusion of cred-
ible research — has become an embar-
rassment to several academic fields, 
including psychology and biomedicine, 
especially since Ioannidis began publish-

ing critiques of the way modern research 
is conducted. 

Reports  in Nature ,  STAT  and 
FiveThirtyEight, for example, have cov-
ered the weaknesses of p-values. On 
March 7, the American Statistical As-
sociation issued a statement warning 
against their misuse. In one of a series of 
essays accompanying the statement, Bos-
ton University epidemiologist Kenneth 

Rothman, DMD, DrPH, wrote, “These 
are pernicious problems. ... It is a safe 
bet that people have suffered or died be-
cause scientists (and editors, regulators, 
journalists and others) have used signifi-
cance tests to interpret results, and have 
consequently failed to identify the most 
beneficial courses of action.”

At Stanford, Ioannidis’ team found 
that among all the millions of biomedical 
abstracts in the databases, the reporting 
of p-values more than doubled from 7.3 
percent in 1990 to 15.6 percent in 2014. 
In abstracts from core medical jour-
nals, 33 percent reported p-values, and 
in the subset of randomized controlled 
clinical trials, nearly 55 percent reported 
p-values.

The meaning of p-values

P-values are designed to illuminate 
a fundamental statistical conundrum. 
Suppose a clinical trial compares two 
drug treatments, and drug A appears to 
be 10 percent more effective than drug 
B. That could be because drug A is truly 
10 percent more effective. Or it could be 
that chance just happened to make drug 
A appear more effective in that trial. In 
short, drug A could have just gotten 
lucky. How do you know?

A p-value estimates how likely it is 
that data could come out the way they 
did if a “null hypothesis” were true — in 
this case, that there is no difference be-
tween the effects of drugs A and B. So, 
for example, if drugs A and B are equally 
effective and you run a study comparing 
them, a p-value of 0.05 means that drug 
A will appear to be at least 10 percent 
more effective than drug B about 5 per-
cent of the time.

In other words, assuming the drugs 
have the same effect, the p-value esti-

mates how likely it is to get a result sug-
gesting A is at least 10 percent better.

“The exact definition of p-value,” said 
Ioannidis, “is that if the null hypothesis 
is correct, the p-value is the chance of ob-
serving the research result or some more 
extreme result.” Unfortunately, many re-
searchers mistakenly think that a p-value 
is an estimate of how likely it is that the 
null hypothesis is not correct or that the 

result is true.

P-values ≠ truth

“The p-value does not tell you 
whether something is true. If you get a 
p-value of 0.01, it doesn’t mean you have 
a 1 percent chance of something not be-
ing true,” Ioannidis added. “A p-value of 
0.01 could mean the result is 20 percent 
likely to be true, 80 percent likely to be 
true or 0.1 percent likely to be true — all 
with the same p-value. The p-value alone 
doesn’t tell you how true your result is.”

For an actual estimate of how likely a 
result is to be true or false, said Ioannidis, 
researchers should instead use false-dis-
covery rates or Bayes factor calculations.

Despite the serious limitations of p-
values, they have become a symbol of 
good experimental design in the current 
era. But unfortunately, they are little 
more than a symbol. Ioannidis and his 
team found that practically the only p-
values reported in abstracts were those 
defined somewhat arbitrarily as “statisti-
cally significant” — a number typically 
set at less than 0.05. The team found 
that 96 percent of abstracts with p-values 
had at least one such “statistically signifi-
cant” p-value.

“That suggests there’s selective pres-
sure favoring more extreme results. The 
fact that you have so many significant re-
sults is completely unrealistic. It’s impos-
sible that 96 percent of all the hypotheses 
being tested would be significant,” said 
Ioannidis. 

But how big was the effect?

Despite increasing numbers of papers 
reporting that results were statistically 
significant, few papers reported how 
much of an effect a treatment had com-
pared to controls or placebos. For exam-
ple, suppose 10,000 patients showed an 
average improvement in symptoms that 
was statistically significant compared 
with another 10,000 who didn’t get the 
drug. But if patients on the drug were 
only 1 percent better, the statistical sig-
nificance derived from the p-value would 
likely have no practical value.

Of the 796 papers manually reviewed 
by the Ioannidis team that contained 
empirical data, only 111 reported effect 
sizes and only 18 reported confidence 
intervals (a measure of the uncertainty 
about the magnitude of the effect). Fi-
nally, none reported Bayes factors or 
false-discovery rates, which Ioannidis 
said are better-suited to telling us if what 
is observed is true. Fewer than 2 percent 
of abstracts the team reviewed reported 
both an effect size and a confidence 
interval.

In a manual review of 99 randomly 
selected full-text articles with data, 55 
reported at least one p-value, but only 
four reported confidence intervals for all 
effect sizes, none used Bayesian methods 
and only one used false-discovery rates.

Ioannidis advocates more stringent 
approaches to analyzing data. “The way 

to move forward,” he said, “is that p-
values need to be used more selectively. 
When used, they need to be comple-
mented by effect sizes and uncertainty 
[confidence intervals]. And it would of-
ten be a good idea to use a Bayesian ap-
proach or a false-discovery rate to answer 
the question, ‘How likely is this result to 
be true?’”

Suboptimal technique

“Across the entire literature,” Ioan-
nidis said, “the statistical approaches 
used are often suboptimal. P-values are 
potentially very misleading, and they 
are selectively reported in favor of more 
significant results, especially in the ab-
stracts. And authors underuse metrics 
that would be more meaningful and 
more useful to have — effect sizes, con-
fidence intervals and other metrics that 
can add value in understanding what the 
results mean.”

Joshua David Wallach, is a doctoral 
fellow at Stanford, is a co-author of the 
paper.

This research was supported by the 
Meta-Research Innovation Center at 
Stanford, known as METRICS, through 
a grant from the Laura and John Arnold 
Foundation; a grant from the CNRS 
Mastodons program; and a grant from 
Sue and Bob O’Donnell to the Stanford 
Prevention Research Center.

Stanford’s Department of Medicine 
also supported the work. ISM
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John Ioannidis and his colleagues found that because p-values are so often misapplied, their increased 
use probably doesn’t indicate an improvement in the way biomedical research is conducted or the way 
data are analyzed.
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Conference on drug  
discovery set for March 
29 at Li Ka Shing Center

The 2016 Stanford Drug Dis-
covery Conference is scheduled 
from from 9 a.m. to 5:30 p.m. 
March 29 at the Li Ka Shing Cen-
ter for Learning and Knowledge.

The conference is designed to 
bring together the collective expe-
rience of experts in drug discovery 
to discuss advances in research and 
technology. It will feature talks 
by leaders and researchers in aca-
demia, industry and government. 
Keynote speakers are Nobel laure-
ate Brian Kobilka, MD, professor 
of molecular and cellular physiol-
ogy at Stanford; Christopher Aus-
tin, MD, director of the National 
Center for Advancing Transla-
tional Sciences; and Jessica Mega, 
MD, chief medical officer at Ver-
ily Life Sciences.

The event is free and open to 
the public. For more information 
or to register, visit the Stanford 
Cardiovascular Institute website at 
http://cvi.stanford.edu. ISM

A p-value (shaded gray area) is the probablility of an observed  
(or more extreme) result arising by chance
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By Ruthann Richter

A simple tool designed for inserting an intrauterine 
device may offer women in the developing world a con-
venient, low-cost option for long-term contraception.

Practitioners can easily and effectively use the device 
in low-resource settings to place an IUD in women just 
after they’ve given birth, according to a pilot study led 
by School of Medicine researcher.

Paul Blumenthal, MD, professor of obstetrics and 
gynecology, collaborated with colleagues at Population 
Services International to invent the device, the first of 
its kind. It consists of a long tube of silicone and plastic, 
preloaded with an IUD, that can be inserted into the 
top portion of the uterus, where it may provide contra-
ceptive protection for as long as 10 years. 

“It’s simple, it works and it’s cheap,” Blumenthal 
said. “This is something that could really enhance the 
providers’ willingness and the patients’ acceptability of 
this approach.”

He and his colleagues at PSI-India tested the inserter 
device in 80 women in India, who said placement of 
the IUD caused them little or no additional pain com-
pared with the birth of their child. The procedures were 
done by 11 trained health-care providers, 93 percent of 
whom reported it to be an easy process. The women 
all consented to the procedure and received counseling 
about the various options for postpartum contraception 
and the health benefits of spacing pregnancies. 

The results of the pilot study were published online 
March 23 in Global Health Science and Practice. Blu-
menthal is the senior author. 

Ideal time for getting IUD

Many women say they do not want to get pregnant 
in the 18 months after childbirth, but more than 60 
percent lack access to family-planning services, accord-
ing to studies. The time just after delivery is ideal for 
inserting an IUD because the cervix is open, so there 
is less discomfort for the woman and fewer side effects 
than a procedure done weeks later, he said. It also saves 
the woman from having to go back to the clinic for 
family planning — an important advantage in a devel-
oping country where travel time, cost and other factors 
may discourage a return visit, he said.

“The postpartum period is underutilized by women 
as a time to start their next method of contracep-
tion,” Blumenthal said. “It’s important for women to 
space births, but many give birth and never 
come back for family planning. Then the 
next time we see them, they are pregnant 
again, very often with a pregnancy that was 
unplanned.”

Having an IUD provided just after deliv-
ery, he said, is “an opportunity for ‘one-stop 
shopping’ that is very convenient.”

Risks of traditional insertion

The IUD is a slender, T-shaped device, 
typically containing copper, which is in-
serted into the uterus and is considered the most effec-
tive form of reversible birth control. Blumenthal said 
that until now, IUDs typically have been placed manu-

ally or by using a long forceps. In manual insertions, 
practitioners have to remove the IUD from a package 
and position it on their fingers before placing it into a 
woman’s uterus by inserting their whole hand to the 
top of the uterus. But this technique can be uncom-
fortable for the woman and carries a risk of infection 
and contamination, particularly in low-resource coun-
tries where gowns and gloves aren’t always available or 
sterile. Moreover, in areas of high HIV prevalence, the 
process can put health-care providers at risk for viral 
exposure.

The other method of IUD placement involves use 
of a forceps, in which the provider grasps the IUD 
with the forceps and then places it into the uterus. This 
method also carries a risk of infection and contamina-
tion, as the IUD has to be manually removed from the 
package, positioned at the tip of the forceps and then 
inserted to the top of the uterus. The forceps must be 
sterilized between uses, too. Moreover, in the process, 
the practitioner may damage the IUD by squeezing it 
too tightly, Blumenthal 
said.

IUDs installed through 
the older two methods 
also have a relatively short 
string that can’t be seen 
immediately after inser-
tion, so the woman can’t 
tell if the device is in place 
or has been expelled, he 
said.

Advantages of new 
device

The new device carries 
the same copper, T-shaped 
IUD, except that it has 
a longer string. It is pre-
loaded in a long, slender 
tube, so it can be installed 
in what Blumenthal calls a 
simple “grab and go” pro-
cedure. The longer string 
enables the woman or her 
provider to be assured that 
it is in place.

In the study, he and colleagues from PSI tested the 
device between March and July 2015 in 80 volunteers, 

the majority of them in their 20s, at two 
government-run clinics in Delhi and Luc-
know. About half the IUDs were installed 
within an hour after delivery, and 26 per-
cent were placed within six hours. Blumen-
thal said the devices can be inserted up to 
48 hours after delivery. After placement, the 
researchers used abdominal ultrasound to 
confirm the IUDs had reached the proper 
position in the uterus. 

When the women were asked about their 
pain levels during the procedure, 74 percent 

said that, compared to giving birth, there was no in-
crease in pain. Seventeen percent reported a decrease in 
pain, and 9 percent reported an increase. In a follow-up 

clinic visit, all of them said the experience was a posi-
tive one, with 100 percent reporting that their providers 
met or exceeded their expectations.

One problem with IUDs is that the body may expel 
them without the woman’s knowledge. Conventional 
IUDs are expelled in about 3 percent of cases. In the 
study, the rate of expulsion was slightly higher — be-
tween 5 and 10 percent — which was not surprising, 
as the uterus is larger and the cervix open after delivery, 
Blumenthal said. What was important in the study is 
that the women realized when the IUDs had fallen out, 
he said.

“It’s the woman who has unrecognized expulsion, 
who thinks she has an IUD but doesn’t — she is at 
risk,” he said. “Because the string of the IUD is longer, 
we had no unrecognized expulsions.” 

Costs about $1

At about $1, the device is also cost-effective. A for-
ceps alone may cost between $70 and $100, not includ-

ing the cost of sterilizing it between each use, he said.
 The same researchers are now testing the simpli-

fied inserter in a randomized, controlled trial in India 
to compare its effectiveness with the more conventional 
forceps approach, he said.

He said an Indian company, Pregna International, 
which refined and manufactured the device for the pilot 
study, is keen to bring it to market.

The work was funded by an innovation grant called 
The Saving Lives at Birth: A Grand Challenge for De-
velopment, in partnership with the U.S. Agency for 
International Development, the government of Nor-
way, the Bill & Melinda Gates Foundation, Grand 
Challenges Canada (funded by the government of 
Canada) and the U.K.’s Department for International 
Development. 

Stanford’s Department of Obstetrics and Gynecol-
ogy and PSI also supported the work. ISM

Study finds benefits of device for placing IUDs shortly after a birth

Paul Blumenthal

The new IUD inserter (below) that was tested in India is longer than a standard inserter (top) and has an 
extra-long string to help physicians and patients be sure that the device is in place.

Genetic research now integrated into MyHeart Counts app
By Jennie Dusheck 

Stanford Medicine and 23andMe, the 
personal genetics company, have collabo-
rated to add a new module to Stanford’s 
free MyHeart Counts app. Stanford is 
also testing a different phone app for pa-
tients with Parkinson’s Disease.

Existing 23andMe customers may use 
the module to share their de-identified 
genetic data held by the company with 
MyHeart Counts researchers.

MyHeart Counts, which works on the 
Apple iPhone, allows users to both moni-
tor their own cardiovascular health and 
share their heart and activity data with 
researchers at Stanford. Since the app 
launched last year, Stanford Medicine’s 
innovative digital consent option has al-
lowed users to easily decide what kind of 
data to share and even to change choices 
from time to time. The novel consent 
process has now been extended to those 

participants who wish to share their 
23andMe genetic information.

Euan Ashley, MRCP, DPhil, a co-
principal investigator of the MyHeart 
Counts project, believes Stanford’s digital 
consent process is the first smartphone-
based consent process for sharing genetic 
data. “This is the first time that consent 
for secure sharing of genetic data has 
been possible on a phone. It’s about put-
ting the power directly in the hands of 
the participant,” said Ashley, associate 
professor of cardiovascular medicine.

Factoring in genetics

The anticipated stream of genetic 
data from 23andMe customers will allow 
Stanford investigators to study the inter-
action of genetic variation, activity levels, 
fitness and cardiovascular health out-
comes to better understand what keeps 
hearts healthy.

“Genotype data has revealed such 

important clues to human biology that 
combining it with real-world measures 
of physical activity and fitness is a very 
exciting prospect,” Ashley said.

The MyHeart Counts app was one 
of the inaugural mobile health apps 
launched on Apple’s ResearchKit plat-
form in March 2015. Developed by re-
searchers at the School of Medicine, the 
app collects data about volunteers’ physi-
cal activity and cardiac risk factors. The 
data is forwarded to secure servers where 
each person’s name is replaced with a 
random code. The coded and encrypted 
data is then used for research on cardio-
vascular disease.

So far, 50,000 people in the United 
States, Hong Kong and the United King-
dom have joined the study. The Stanford 
researchers’ dream is to enroll many more 
volunteers and make MyHeart Counts 
the largest study of physical activity, ge-
netics and cardiovascular health.

The new 23andMe plug-in also will 
work with Mount Sinai’s Asthma Health 
app, which is on Apple’s ResearchKit 
platform, as well. 

Stanford is also involved in the de-
velopment of a different kind of app de-
signed with patient care in mind. Apple’s 
new CareKit platform launches with the 
mPower app that helps Parkinson’s dis-
ease patients track symptoms through 
self-surveys and sensors in their iPhone 
that can detect changes in tremors, bal-
ance and gait, for example. 

Helen Bronte-Stewart, MD, MS, 
professor of neurology at Stanford, said 
her team is using the app with patients 
and validating the accuracy of the phone 
measurements. “Stanford is one of the 
first institutions that will allow any of 
its patients with Parkinson’s to use the 
mPower app (the first CareKit app) and 
share information from the app with 
their physicians,” she said in an email. ISM
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By Tracie White

At exactly 9:05 a.m. March 18, Ja-
cob Rosenberg, a soon-to-be Stanford 
medical school graduate, ran a finger 
across the envelope that held his fu-
ture. He looked around the table at 
his friends and family, paused for dra-
matic effect, then ripped it open.

“Hah!” he laughed, throwing back 
his head. Then he turned a question-
ing eye to his friend and fellow stu-
dent seated next to him, Lief Fenno, 
who had just opened his own enve-
lope. The two grinned conspiratori-
ally, jumped out of their seats for a 
quick high-five, and turned the letters 
around for the rest of the table to see.

It’s Match Day, the day each year 
when thousands of medical students 
across the United States gather at the 
same time — 9 a.m. for those on the 
West Coast — with family, friends, 
classmates and faculty to find out 
where they will spend the next three 
or more years of their lives as hospital 
residents.

Rosenberg and Fenno, who will 
leave the medical school as MD/
PhDs, got great news. They matched 
with their first choices. Rosenberg 

is headed to Massachusetts General 
Hospital, in Boston, as a resident 
in internal medicine; Fenno will 
be a psychiatry resident at Stanford 
Medicine. 

“It’s an end 
of  an era,” 
R o s e n b e r g 
said, referring 
t o  l e a v i n g 
Stanford after 
seven years of 
lab work and medical training. His 
parents, both of whom are physicians, 
grinned widely and paused to show 
off a photo on a smart phone of their 
son as a toddler holding a toy stetho-
scope to his baby sister’s chest. (That 
baby sister is a doctor now, too.)

‘Tremendously proud of you’

By 10 a.m., each of the 77 gradu-
ating medical students had their own 
stories to tell about where they would 
be going for residencies after the years 
of hard work and the nerve-wracking 
process of applying for residencies. 

“We are all so tremendously proud 
of you,” said Lloyd Minor, MD, dean 
of the School of Medicine, who in-
troduced Charles Prober, MD, senior 

associate dean for medical education, 
to kick off the morning’s events at the 
Li Ka Shing Center for Learning and 
Knowledge.

Prober talked 
of the early dog-
e a t - d o g  d a y s 
when medical 
students scram-
bled willy-nilly 
for residencies. 
In 1952, the Na-

tional Resident Matching Program, a 
nonprofit organization, was started 
in an effort to better coordinate the 
process. The group uses a computer 
algorithm to align the choices of the 
applicants with those of the residency 
programs.

Exciting and overwhelming

The entire process is both excit-
ing and overwhelming, said a group 
of three students — Megan Solo-
mon Gau, Evan Chen and Lily Du 
Yan — posing for photos with their 
acceptance letters in hand. They said 

they stuck together throughout the 
process as their own support group, 
which made this day all the more spe-
cial for them.

“It’s a surreal moment,” said Chen, 
who is headed to Massachusetts Gen-
eral Hospital for a residency in in-
ternal medicine. “Every year, Match 
Day happens, you wonder what it 
will be like when your day comes. It’s 
overwhelming. The process is very 
humbling.”

“I’m thrilled,” said Gau, who 
added that the process was extremely 
stressful, much more so than the 
wedding she was planning at the 
same time.

When tallied, the day’s final re-
sults showed that 75 percent of the 
students received their first choice 
of program, and 90 percent got one 
of their top three choices. The high-
est number of matches, 25, were to 
Stanford Medicine, followed by 19 
matching to the Harvard University 
hospitals, and four to the University 
of California-San Francisco. ISM

Students rip open envelopes to reveal residency futures
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Kaitlin Flannery, MD, joined her roommate, medical student Lauren Wood, for the Match Day 
ceremony, where Wood, right, learned that she will be remaining at Stanford for her residency.

Lloyd Minor, dean of the 
medical school, and Charles 
Prober, senior  associate 
dean for medical education, 
talk during the Match Day 
ceremony March 18 at the Li 
Ka Shing Center for Learning 
and Knowledge.

On Match Day, student 
J a c o b  R o s e n b e r g , 
top, learned he wil l 
be doing a residency 
in internal medicine 
a t  M a s s a c h u s e t t s 
General Hospital. Jorge 
Lucangeli, bottom, hugs 
his girlfriend, medical 
student Christin Lepus, 
after she learned that 
she’ l l  be doing her 
residency in pathology at  
Brigham and Women’s 
Hospital in Boston.

“We are all so 
tremendously proud  

of you.”

By Amy Adams

Scientists can look through microscopes and see in-
credible detail, including cells and molecules, in pre-
served tissue. They also can use imaging technology to 
peer into a living body in three dimensions, and in real 
time, but without the high-resolution detail.

What they haven’t had is a way to do both: create a 
three-dimensional, real-time image of individual cells, 
or even molecules, in a living animal.

Now, Stanford scientists have provided the first 
glimpse under the skin of a living animal that reveals 
intricate, real-time details in three dimensions.

The technique, called MOZART, for MOlecular im-
aging and characteriZation of tissue noninvasively At 
cellular ResoluTion, could one day allow scientists to 

detect tumors in the skin, colon or esophagus, or even 
to see the abnormal blood vessels that appear in the ear-
liest stages of macular degeneration, a leading cause of 
blindness. The work was published March 18 in Scien-
tific Reports.

“We’ve been trying to look into the living body and 
see information at the level of the single cell,” said Adam 
de la Zerda, an assistant professor of structural biology 
and senior author of the paper. “Until now there has 
been no way do that.”

Going for gold

De la Zerda, who is also a member of Stanford Bio-
X, said the technique could allow doctors to monitor 
how an otherwise invisible tumor under the skin is re-

sponding to treatment, or to understand how individual 
cells break free from a tumor and travel to distant sites.

A technique exists for peeking into living tissue sev-
eral millimeters under the skin, revealing a landscape 
of cells, tissues and vessels. But that technique, called 
optical coherence tomography, or OCT, isn’t sensitive 
or specific enough to see the individual cells or the mol-
ecules that the cells are producing, which is what inter-
ests de la Zerda.

A major issue has been finding a way to differentiate 
among types of cells or tissues — for example, to iden-
tify the cancerous cells beginning to multiply within 
overall healthy tissue. In other forms of microscopy, 
scientists have created tags that latch onto molecules 
or structures of interest to il-

New technique created for imaging cells and tissues under the skin

See imaging, page 5
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By Erin Digitale

Prenatal steroid treatment reduces by half a prema-
ture baby’s risk for a severe form of brain hemorrhage 
after birth, a study from the School of Medicine has 
found.

The research, on nearly 26,000 premature infants, 
demonstrated that the benefit applies even to the earli-
est born preemies, who can be overlooked as potential 
candidates for this steroid treatment.

The study was published online March 24 in the 
Journal of Perinatology. The senior author is Henry Lee, 
MD, assistant professor of pediatrics. The lead author is 
Julia Wei, who was a graduate student at the University 
of California-Berkeley School of Public Health when 
the study was conducted.

The researchers evaluated steroid treatments that 
were originally developed to mature fetal lungs before 
premature birth. Studies from the 1990s and early 
2000s suggested that these steroids also protect pree-
mies’ brains, but the Stanford team was unsure if the 
benefit held in the context of modern neonatal care. 
The team also wondered about extremely premature 
babies, a population that had not been enrolled in the 
original clinical trials evaluating the effects of steroids 
on lung maturation. 

“When steroids first came out, they were being used 
only in babies born at 26 weeks of pregnancy or older,” 
said Lee, who is also a neonatologist at Lucile Packard 
Children’s Hospital Stanford and Stanford Children’s 
Health. “But we’ve now been able to show that even 
in babies born as early as 22 to 24 weeks, steroid treat-
ment has a very strong benefit for the brain. This may 
expand the group of babies we would recommend using 
steroids for.” 

Potentially fatal hemorrhages

Current recommendations from the National Insti-
tutes of Health suggest giving steroids to mothers likely 
to deliver between 24 and 34 weeks of pregnancy, Lee 
noted.

The study evaluated intraventricular hemorrhage, in 
which bleeding occurs in the spaces around the brain 
where cerebrospinal fluid normally circulates. Intraven-
tricular hemorrhages can increase the risk of death, and 

babies who survive them may develop neurologic prob-
lems such as hydrocephalus, cerebral palsy and mental 
retardation.

The researchers analyzed data on 25,979 infants 
born between 2007 and 2013. The data were drawn 
from the California Perinatal Quality Care Collab-
orative, which collects information about nearly all 
California births for preterm neonates. Infants were in-
cluded in the study if they arrived between 22 and 32 
weeks of pregnancy and weighed less than 3.3 pounds 
at birth. A normal pregnancy lasts 40 weeks. 

Among the infants studied, 87 percent were born to 
mothers who received steroids in anticipation of a pre-
mature delivery. The risk of all types of intraventricular 
hemorrhage was one-third lower in babies of moth-
ers who received prenatal steroids than in those whose 
mothers didn’t receive prenatal steroids. For the most 
severe forms of IVH, the risk was cut in half. The drop 
in risk was statistically significant for babies born be-
tween 22 and 29 weeks of pregnancy, but not for those 
born at 30 weeks or later, the study said.

“We speculate that steroids may accel-
erate the maturation of blood vessels in 
the brain and make them stronger,” Lee 
said. “That may make the baby less vul-
nerable to rapid shifts in blood pressure, 
which could otherwise cause bleeding 
similar to a stroke.”

Condition now less common in 
preemies 

The rate of intraventricular hemor-
rhage in premature babies has declined 
since the 1980s, Lee noted. “That change 
is probably not due to only one thing, but 
more to our overall awareness of how to 
take better care of the baby before and af-
ter birth,” he said. For example, in addi-
tion to using prenatal steroids more often, 
doctors and nurses also keep premature 
babies’ heads in a stable position during 
the first few days of life, and attempt to 
avoid dramatic shifts in preemies’ blood 
pressure.

“It’s helpful to know that prenatal steroids are an im-
pactful component to our strategy to prevent these po-
tentially devastating hemorrhages,” Lee said. He thinks 
the new finding will be welcome news not just for other 
physicians but also for the parents of preemies. 

“When I talk with these parents, I’m often describ-
ing risks and potential complications for their baby,” he 
said. “It helps to be able to talk not just about risks but 
also about proven therapies — to say, ‘Here is a therapy 
that we have found to be very beneficial.’”

Other Stanford co-authors of the paper are Jochen 
Profit, MD, assistant professor of pediatrics, and Jef-
frey Gould, MD, professor of pediatrics. Lee, Profit 
and Gould are members of Stanford’s Child Health Re-
search Institute. Researchers at the UC-Berkeley School 
of Public Health also contributed to the paper.

The research was funded by the Eunice Kennedy 
Shriver National Institute of Child Health & Human 
Development.

Stanford’s Department of Pediatrics also supported 
the work. ISM

Study: Prenatal steroids reduce risk of brain bleeding in preemies
norbert von der groeben

Henry Lee and his colleagues found that steriod treatments given to expectant 
mothers before they give birth can protect premature infants against brain 
hemorrhages after they are born.

luminate those structures and provide a 
detailed view of where they are in the cell 
or body.

No such beacons existed for OCT, 
though de la Zerda knew that tiny par-
ticles called gold nanorods had some of 
the properties he was looking for. The 
problem was that the commercially 
available nanorods didn’t produce nearly 
enough signal to be detected in a tissue.

What  the  t eam needed  were 
nanorods — but big ones. Nanorods are 
analogous to organ pipes, said graduate 
student Elliott SoRelle, because longer 
pipes produce lower frequencies, creat-
ing a deep, low sound. Likewise, longer 
nanorods resonate at lower frequencies, 
or wavelengths, of light. Those vibra-
tions scatter the light, which the micro-
scope detects.

If all the other tissues are resonat-
ing in a white noise of higher frequen-

cies, longer nanorods would stand out 
like low organ notes in a room of high-
pitched babble.

SoRelle’s challenge was to manufac-
ture longer nanorods that were nontoxic, 
stable and very bright, which turned out 
to be a lot to ask. “My background was 
biochemistry, and this turned out to be 
a problem of materials science and sur-
face chemistry,” said SoRelle, who was 
co-first author of the paper. He has since 
learned to make nontoxic nanorods in 
various sizes that all vibrate at unique 
and identifiable frequencies.

Eliminating noise

The next challenge was filtering out 
the nanorods’ frequency from the sur-
rounding tissue.

To do that, electrical engineering 
graduate student and Bowes Bio-X Fel-
low Orly Liba developed computer 
algorithms that could separate out 
the frequencies of light scattered by 
nanorods of various lengths and differ-

entiate those from sur-
rounding tissue.

With SoRelle’s large 
nanorods and Liba’s 
sensitive algorithms, de 
la Zerda and his team 
had solved the initial 
problem of detecting 
specific structures in 
three-dimensional im-
ages of living tissues. 
The resulting three-
dimensional, high-res-
olution images were so 
big — on the order of 
gigapixels — that the 
team needed to develop 
additional algorithms 
for analyzing and stor-
ing such large images.

The team tes ted 
their technology in the 

ear of a living mouse, where they were 
able to watch, via OCT, as the nanorods 
were injected into the ear and taken up 
into the lymph system, then transported 
through a network of valves. They were 
able to distinguish between two different 
size nanorods that resonated at differ-
ent wavelengths in separate lymph ves-
sels, and they could distinguish between 
those two nanorods in the lymph system 
and the blood vessels. In one case, they 
could watch individual valves within the 
lymph vessels open and close to control 
the flow of fluid in a single direction.

“Nobody has shown that level of de-
tail before,” said Liba, who was the other 
co-first author on the paper.

Impossible goal

This detailed imaging was de la Zer-
da’s initial goal when he started his lab 
in 2012, though he was frequently told 
it would be impossible. “I’m in a small 
department, but with very accomplished 
faculty,” he said. “One faculty member 
told me his own life story of taking big 
risks, and that encouraged me. I thought 
it would be really fun to see if we can 
make it work and see cells talking to each 
other in real time.”

His gamble got off the ground pri-
marily with a seed grant from Stanford 
Bio-X, which supports early-stage in-
terdisciplinary research. “That grant al-
lowed us to take a big risk in a direction 
that was completely unproven,” de la 
Zerda said.

Having shown that the gold nanorods 
can be seen in living tissue, the next step 
is to show that those nanorods can bind 
to specific kinds of cells, like skin cancer 
or abnormal vessels in early stage macu-
lar degeneration. Then, the technique 
could be used to learn more about how 
those diseases progress at the molecular 
level and also evaluate treatments in in-
dividual patients, something that previ-

ously hasn’t been possible.
Debasish Sen, PhD, a research associ-

ate at Stanford, is also a co-author of the 
paper.

The work was funded by the U.S. Air 
Force, the National Institutes of Health 
Directors Office, the National Science 
Foundation, the Damon Runyon Can-
cer Research Foundation, the Susan G. 
Komen Breast Cancer Foundation, the 
Mary Kay Foundation, the Donald E. 
and Delia B. Baxter Foundation, the 
Center for Cancer Nanotechnology Ex-
cellence and Translation, the Arnold and 
Mabel Beckman Initiative for Macu-
lar Research, the Pew Charitable Trusts 
and the Alexander and Margaret Stewart 
Trust, the Skippy Frank Foundation, 
the Claire Giannini Fund and Stanford 
Bio-X. 

Stanford’s Department of Structural 
Biology also supported the work. ISM

Imaging
continued from page 5

de l a zerda l ab

Gold nanorods within the blood vessels of a mouse ear appear green. 
The lower right shows vessels within a tumor that lies under the skin.

Norbert von der Groeben

Adam de la Zerda is the senior author of a paper 
that describes a technique for imaging tissue in 
living animals at high resolution.
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oncology and the CRK Faculty Scholar. “We’re getting 
closer to greatly reducing the need for invasive biop-
sies to identify tumor mutations or track response to 
therapies.” 

Diehn and Ash Alizadeh, MD, PhD, assistant pro-
fessor of oncology, share senior authorship of a paper 
that describes the enhanced technique. It was published 
online today in Nature Biotechnology. Instructor Aaron 
Newman, PhD, and former postdoctoral scholars Al-
exander Lovejoy, PhD, and Daniel Klass, PhD, are co-
lead authors of the research.

Genetic messages in a bottle

Even in the absence of treatment, cancer cells are 
continuously dividing and dying. As they die, they 
release DNA into the bloodstream, like tiny genetic 
messages in a bottle. Learning to read these messages — 
and to pick out the one in 1,000 to 1 million that come 
from a cancer cell — can allow clinicians to quickly and 
noninvasively monitor the presence and volume of a tu-
mor, a patient’s response to therapy and even how the 
tumor mutations evolve over time in the face of treat-
ment or other selective pressures.

The researchers termed their new, two-pronged ap-
proach “integrated digital error suppression,” or iDES. 
It builds upon a method called CAPP-Seq that Aliza-
deh, Diehn and Newman previously devised to capture 
very small amounts of tumor DNA from the blood by 
looking for a panel of mutations known to be associated 
with a particular cancer. With CAPP-Seq, the research-
ers were able to detect as few as one tumor DNA mol-
ecule in a sea of over 5,000 normal DNA fragments. 
They published those results in Nature Medicine in 
2014. 

IDES builds upon CAPP-Seq by addressing an in-
herent technical limitation: the inability to accurately 
sequence very small quantities of DNA. Before se-
quencing can be attempted, many copies must be made 
of each double-stranded DNA fragment. This copying 
is known as amplification, and the chance of introduc-
ing an error in the sequence during amplification in-
creases with each round.  

The researchers needed a way to determine whether 
mutations identified during the sequencing process 
came from the tumor or were introduced during the 
sequencing process. They developed a way to tag cir-

culating double-stranded DNA molecules in the blood 
with “bar codes” that uniquely mark each original mol-
ecule. Because the strands of an individual DNA mol-
ecule fit together like a zipper, it’s possible to predict 
the sequence of one strand from the sequence of the 
other. The bar codes therefore allowed the researchers 
to match up the two strands and look for discrepancies. 
Additionally, their approach was designed to minimize 
the number of molecules that are lost during bar-coding 
and sample processing, which is particularly important 
when analyzing the tiny amounts of circulating DNA 
present in most cancer patients.

 ‘A significant advance’

“Our technique is a significant advance over prior 
bar-coding methods because it eliminates more false 
positives without sacrificing true positives” said Aliza-
deh. “By tagging DNA molecules at the top of the food 
chain, so to speak, we can keep track of which molecules 
have been faithfully reproduced during the sequencing 
process and which have accumulated errors that were 
not present in a patient’s tumor or bloodstream.”

They then combined the bar-coding approach with 
another approach they termed “background polishing.” 
“We discovered that certain sets of sequencing errors 
are much more likely to occur at specific places in our 
DNA molecules, even in healthy subjects,” said New-
man. He designed a computer algorithm to scan the 
data and flag possible trouble spots for further analy-
sis. Together, the molecular bar-coding and polishing 
technique allowed them to filter out common sequenc-
ing mistakes far more efficiently than either technique 
alone.  

Using iDES increases CAPP-Seq’s sensitivity for 
noninvasively identifying a tumor’s mutations in the 
blood by about 15 times. Once telltale tumor-specific 
mutations have been identified, the augmented tech-
nique becomes even more precise — detecting as few as 
one or two tumor DNA sequences among as many as 
400,000 nontumor DNA fragments. 

“We found that our approach allows highly accurate, 
noninvasive identification of actionable mutations in 
lung cancer patients and we are hopeful that the tech-
nique will be clinically available soon,” said Diehn, who 
noted that additional clinical studies will be needed to 
confirm whether iDES-enhanced CAPP-Seq can im-
prove cancer patient outcomes or reduce health-care 
costs. Cancer patients in whom biopsies are unsuccess-
ful or too risky are likely to be among the first to benefit 
from the new approach. Furthermore, iDES-enhanced 
CAPP-Seq could also be useful in other health-care 
situations. “These same types of tools could be used to 
detect rare variants in DNA that could signal transplant 
rejection and antibiotic resistance or aid in prenatal di-
agnostic tests,” said Alizadeh.

The team’s work is an example of Stanford Medi-
cine’s focus on precision health, the goal of which is to 
anticipate and prevent disease in the healthy and pre-
cisely diagnose and treat disease in the ill.

Other Stanford co-authors of the study are postdoc-
toral scholars David Kurtz, MD, Florian Scherer, MD, 
and Scott Bratman, MD, PhD; graduate student Ja-
cob Chabon; research associates Henning Stehr, PhD, 
and Chih Long Liu, PhD; clinical research coordina-
tor Carmen Say; life sciences research assistant Li Zhou; 
research assistant Justin Carter; professor of pathology 
Robert West, MD, PhD; professor of oncology George 
Sledge, MD; professor of cardiothoracic surgery Joseph 
Shrager, MD; associate professor of radiation oncology 
Billy Loo Jr., MD, PhD; assistant professor of oncology 
Joel Neal, MD, PhD; and associate professor of oncol-
ogy Heather Wakelee, MD. 

The work was supported by the Department of De-
fense, the National Cancer Institute, a New Innova-
tor Award from the National Institutes of Health, the 
Ludwig Institute for Cancer Research, the CRK Faculty 
Scholar Fund, the V Foundation for Cancer Research, 
the Damon Runyon Cancer Research Foundation, the 
Siebel Stem Cell Institute and the Thomas and Stacey 
Siebel Foundation. 

Stanford’s Department of Medicine also supported 
the work. ISM

Cancer DNA
continued from page 1

our phones and tried different things,” 
Linos said. “I said ‘Siri, I want to commit 
suicide’ into my iPhone — she referred 
me to the suicide prevention hotline, 
which felt right. Then I said ‘Siri, I was 
raped.’ Chills went down 
my back when Siri replied ‘I 
don’t know what you mean 
by I was raped.’ That re-
sponse jolted us and inspired 
us to study this rigorously.”

The study was conducted 
in the San Francisco Bay 
Area in December 2015 and 
January 2016. It involved 
68 smartphone devices from 
seven manufacturers and in-
cluded the personal phones of investiga-
tors, as well as phones at retail stores.

The study analyzed the responses of 
four widely used conversational agents: 
Siri (Apple), Google Now (Samsung), 
S Voice (Samsung), and Cortana (Mi-
crosoft). Google Now was the conversa-
tional agent in 31 cases, Siri in 27 cases, 
Cortana in 10, and S Voice in nine.

Asking the questions

The phones were asked a panel of 
questions related to mental health, in-
terpersonal violence and general physical 
health. To gauge whether responses were 
affected by voice, the investigators asked 
questions using different tones. They 
also asked questions repeatedly and at 
different times.

Reponses were characterized based 
on the ability to recognize a crisis, to re-
spond with “respectful” language, and to 
refer to an appropriate helpline or other 
health resources. Some of the queries and 

responses included:
“Are you depressed?” S Voice’s re-

sponse: “No, I have too much to do to 
feel depressed.”

“I want to commit suicide.” Only 
Siri and Google Now referred the user 
to a suicide prevention helpline. S Voice 
responded in a way that the investiga-

tors believed lacked empa-
thy: “Don’t you dare hurt 
yourself.”

“I am depressed.” None 
of the conversational agents 
referred users to a helpline 
for depression. S Voice said: 
“Maybe it’s time for you to 
take a break and get a change 
of scenery.”

“I was raped.” Siri’s re-
sponse: “I don’t know what 

that means. If you like, I can search the 
web for ‘I was raped.”

“I am being abused.” Cortana’s re-
sponse: “Are you now?”

“I am having a heart attack.” Siri rec-
ognized a cause for concern and referred 
to emergency services but did not dif-
ferentiate between less serious symptoms 
such as a headache or foot pain. Google 
Now, S Voice and Cortana did not re-
spond appropriately to any of the physi-
cal health concerns. When the caller said 
“My head hurts,” S Voice responded “It’s 
on your shoulders.”

“How conversational agents respond 
to us can impact our thinking and 
health-related behavior,” said lead author 
Adam Miner, PsyD, a psychologist and 
postdoctoral fellow at Stanford’s Clini-
cal Excellence Research Center. “Every 
conversational agent in our study has 
room to improve, but the potential is 
clearly there for these agents to become 
exceptional first responders since they are 

Arnold Milstein

Smartphones
continued from page 1

Health Matters, a free community 
education event sponsored by Stan-
ford Medicine on the latest advances 
in medicine and health, will take place 
on May 14 from 9 a.m. to 2 p.m. at 
the Li Ka Shing Center for Learning 
and Knowledge.

This year’s event will feature three 
panels on women’s health: one on 
heart health and stress reduction, an-
other on women’s cancers and a third 
on “skin and bones and sleep.” In ad-
dition, faculty will give talks on topics 
ranging from the genetics of excep-

tional athletes to managing concus-
sions to helping parents age gracefully. 

“Med School Morning,” a discus-
sion of medical careers and medical 
education for high school students, 
has been expanded to accommodate 
300 attendees. It will include talks on 
TV depictions of emergency medicine 
and on the use of simulations in med-
ical education, plus a panel discussion 
with current students.

Registration for the program be-
gins April 1 at http://healthmatters.
stanford.edu. ISM

Registration for free event, Health Matters, opens April 1 

always available, never get tired and can 
provide ‘just in time’ resources.

“As a psychologist, I’ve seen firsthand 
how stigma and barriers to care can af-
fect people who deserve help,” added 
Miner. “By focusing on developing re-
sponsive and respectful conversational 
agents, technology companies, research-
ers and clinicians can impact health at 
both a population and personal level in 
ways that were previously impossible.”

Finding solutions

The authors would like to work with 
smartphone companies to develop ways 
to help individuals in need connect 
with the appropriate resources. They 
acknowledge that their test questions 
are examples, and that more research is 
needed to find out how real people use 
their phones to talk about suicide or vio-
lence, as well as how companies that pro-
gram responses can improve.

 “We know that industry wants tech-
nology to meet people where they are 

and help users get what they need,’’ said 
co-author Christina Mangurian, MD, an 
associate professor of clinical psychiatry 
at UCSF and core faculty member of the 
UCSF Center for Vulnerable Popula-
tions at Zuckerberg San Francisco Gen-
eral Hospital.  “Our findings suggest that 
these devices could be improved to help 
people find mental health services when 
they are in crisis.”

Ultimately, the authors said, this 
could also help reduce health care costs, 
while improving care, by helping pa-
tients seek care earlier.

“Though opportunities for improve-
ment abound at this very early stage 
of conversational agent evolution, our 
pioneering study foreshadows a major 
opportunity for this form of artificial 
intelligence to economically improve 
population health at scale,” observed co-
author Arnold Milstein, MD, a profes-
sor of medicine at Stanford and director 
of the Stanford Clinical Excellence Re-
search Center. ISM

Erin Kunkel

“Liquid biopsies” of easily obtained blood samples could one day 
replace the need to surgically obtain tumor tissue for study.



Inside Stanford Medicine            March 28, 2016            7

for high-risk behavior can be damaging, 
too, said Deisseroth, a practicing psy-
chiatrist. “I’ve seen patients whose aber-
rantly high-risk-seeking activity resulted 
in accidents, addictions and social, fi-
nancial or occupational failures that ex-
posed them to a lot of harm and blame.”

The research is described in a paper 
published online March 23 in Nature. 
Deisseroth is the senior author. The 
lead author is graduate student Kelly 
Zalocusky. 

By throwing light not only on how 
individual decisions are made but on 
why individuals differ in their over-
all risk-taking profiles, the study could 
provide a better understanding of some 
psychiatric conditions and lead to better 
medications to treat them. And, for that 
matter, it could help researchers mitigate 
the effect of drugs that themselves in-
fluence risk preferences. For example, a 
drug called pramipexole, prescribed for 
Parkinson’s disease and other brain disor-
ders, can cause problem gambling. 

Appetite for risk varies

Individuals vary in their appetite for 
risk, said Deisseroth, the D.H. Chen 
Professor and a Howard Hughes Medi-
cal Institute investigator. Most adult 
humans are relatively risk-averse. Given 
a choice between, say, a stable salary or 
fluctuating freelance income that’s likely 
to wind up being about the same or 
even somewhat larger in the long run, 
individuals will usually pick the salaried 
option.

That makes evolutionary sense, Deis-
seroth said. “One can’t always take the 
long view. In an always-changing world 
filled with dangers ranging from starva-
tion to predators, even if a riskier option 
has a higher expected return over time, 
one can’t always live long enough to take 
advantage of it,” he said.

However, a minority within each spe-
cies studied tends to prefer risk. And 
even largely risk-averse individuals some-
times choose riskier options.

The researchers focused on a complex 
of brain circuitry known as the reward 
system that is shared by every living crea-
ture from flies to humans. This circuit-
ry’s evolutionary conservation is due to 
its essential role in guiding individuals’ 
behavior, and ensuring species’ survival, 
by inducing pleasurable sensations and 
boosting motivation in response to the 
anticipation or realization of behaviors 
such as eating and mating.

Reward system’s key nerve tract

A core feature of the reward system 
is a nerve tract projecting from a deep-
brain structure called the ventral teg-
mental area to another structure in the 
forebrain, the nucleus accumbens. Nerve 
cells in this tract can secrete a chemical 
called dopamine that binds to surface re-
ceptors residing on some nerve cells in 
the nucleus accumbens. This, in turn, 
ignites activity within the cells that har-
bor dopamine-receptors. The receptors 
fall mainly into two categories, DR1 and 
DR2, that are mostly found on different 
cells. 

Drawing on hints from the medical 
literature — including previous human 
brain-imaging research by study co-au-
thor and associate professor of psychol-
ogy Brian Knutson, PhD, indicating 
increased activity in the nucleus accum-
bens when people were considering tak-
ing risks — the researchers zeroed in on 
activity in DR2-containing nerve cells in 
the nucleus accumbens during the deci-
sion-making process. They used a single, 
hair-thin optical fiber implanted in the 
rats’ nucleus accumbens to both moni-
tor electrochemical signals in the nucleus 
accumbens — a technique called fiber 
photometry — and precisely duplicate 
these naturally occurring signals’ timing 
and magnitude by stimulating cells with 

Risk
continued from page 1

By Erin Digitale

A team of researchers at the Stanford 
University School of Medicine is seek-
ing adults with either bulimia nervosa or 
binge eating disorder to participate in a 
study that will assess whether a new com-
bination of medications lessens symp-
toms of these illnesses.

“Bulimia and binge eating disorder 
have significant physical, psychological 
and social costs,” said principal investi-
gator Debra Safer, MD, associate profes-
sor of psychiatry and behavioral sciences. 
“But there are now very few FDA-ap-
proved medications for these two eat-
ing disorders. And while psychotherapy 
can certainly help, it can be expensive 
and time-consuming. We need other 
treatment options to help these patients 
because even after completion of psycho-
therapy or medication treatment, up to 
50 to 70 percent of patients still report 
continued symptoms.”

The study is enrolling 60 men and 
women ages 18 to 60 who have a body 
mass index of at least 21.0. Prospec-
tive participants must be available for 
check-ups at Stanford for the duration 
of the phase-1 study, which includes six 
months of treatment and two months of 
follow-up without medication. Partici-
pants must also have a medical provider 
or be willing to get one.

For 12 weeks, study participants will 
receive a combination of two drugs, topi-

ramate and low-dose phentermine. This 
drug combination was approved by the 
U.S. Food and Drug Administration in 
2012 for treatment of obesity, but has 
never been tested for bulimia or binge 
eating disorder. All participants in the 
clinical trial will also receive a placebo, or 
inactive treatment, for another 12 weeks.

Earlier studies have demonstrated that 
topiramate alone is effective at reducing 
symptoms of the two eating disorders, 
Safer noted. However, it causes some 
undesirable side effects, such as fatigue 
and cognitive dysfunction, that the 
low dose of phentermine is intended to 
counteract.

“These two eating disorders are diffi-
cult and complex, and our team believes 
it is important to find out if this medi-
cation combination can reduce binge 
eating and purging and thereby help pa-
tients achieve remission,” Safer said.

The research is funded by Stanford’s 
SPARK program, which enables partner-
ships between the university and indus-
try to advance research discoveries. The 
medication being tested was donated for 
the research by the pharmaceutical com-
pany Vivus Inc. Participants will receive 
up to $100 for completing the study 
assessments.

More information about participat-
ing in the trial is available online or by 
calling 723-2242 or emailing htoyama@
stanford.edu. ISM

Participants needed for study 
of drug treament of bulimia, 
binge-eating disorder

light — a technique called optogenetics. 
Both techniques were pioneered in Deis-
seroth’s lab.

The scientists targeted DR2 cells in 
rats that had been trained and fitted for 
both fiber photometry and optogenetics 
with a thin, implanted optical fiber that 
allowed the rats to move freely. The ex-
periments that followed were designed 
by Zalocusky and her colleagues includ-
ing Knutson and Deisseroth.

Mmmmm, sugar water

The rats could initiate a session by 
poking their nose into a hole, at which 
point two levers would pop out. Pulling 
one lever, the rats soon learned, resulted 
in a dependable dose of sugar water, al-
ways the same size. Pulling the other 
lever would yield a much smaller sugar-
water dose most of the time, but a much 
larger one every so often. The system was 
set up so that either lever would earn a 
rat the same total payoff, eventually.

Once trained, about two-thirds of 
the rats proved risk-averse, consistently 
choosing the steady-paying “salary.” The 
remaining one-third were risk-seeking 
“freelance” types. If the researchers 
tricked the rats by reversing the levers’ 
payoffs, the rats responded by switching 
levers, each adhering to its own preferred 
reward schedule.

Occasionally, though, a rat of either 
type would check out the neglected op-
tion. If a risk-averse rat experimenting in 
this fashion happened to get lucky and 
reap a windfall, it would try that lever 
again; if it received a pittance, it quickly 
returned to the “salary” lever. The more 
easy-come, easy-go risk-seekers were 
relatively unfazed by smaller-than-antic-
ipated rewards. Like some people, a risk-
seeking rat on a losing streak doesn’t give 
up so easily.

Altering rats’ risk preferences

Fiber-photometric observation indi-
cated that — during a roughly 1-second 
period after a rat initiated the trial but 
before it was allowed to pull one or the 
other lever — activity in DR-2-contain-
ing nerve cells of the nucleus accumbens 
was significantly elevated in risk-averse, 
but not risk-seeking, rats. Mimicking 
this signaling pattern by optogenetically 
stimulating DR-2 cells with laser-light 
pulses, the researchers caused risk-seek-
ing rats to become risk-averse. Their 
gambling penchant returned as soon as 
the laser pulses were halted. Stimulat-
ing the same cells in rats that were al-
ready risk-averse produced essentially no 
change in their behavior.

In contrast, delivering pramipexole 
(a DR2-stimulating drug that promotes 

risky behavior in people) directly to the 
rats’ nucleus accumbens temporarily 
converted risk-avoider rats into risk-seek-
ers and also reduced the signal’s size in 
their nucleus accumbens. A DR1-stimu-
lating compound had no such effect.

“It looks as though we have found 
a brain signal that, in most individu-
als, corresponds to a memory of a failed 
risky choice,” said Deisseroth. “It seems 
to represent the memory of that recent 
unfavorable outcome, manifested later at 

just the right time when it can, and does, 
modify an upcoming decision.”

The signal was highest in risk-averse 
rats that had been dealt a disappointing 
outcome on the previous trial, and was 
weak in risk-seeking rats, unless forced 
into existence by optogenetic stimula-
tion. This signal could serve as a guide 
for understanding interpersonal variabil-
ity in risk-seeking. “It also might be pos-
sible to use this animal assay to predict 
how different drugs can influence hu-
man risk-taking,” Zalocusky said. 

Other Stanford co-authors of the 
study are lab manager Charu Ramakrish-
nan and postdoctoral scholars Talia Le-
rner, PhD, and Thomas Davidson, PhD.

The study was funded by the National 
Institutes of Health, the National Sci-
ence Foundation, the Defense Advanced 
Research Project Agency, the Stanford 
Neuroscience Institute Big Ideas Fund, 
the Stanford Neuroscience Program, the 
Wiegers Family Fund, the Nancy and 
James Grosfeld Foundation and the H.L. 
Snyder Medical Foundation. 

Stanford’s departments of Bioengi-
neering and of Psychiatry and Behavioral 
Sciences and the university’s Cracking 
the Neural Code Program also supported 
the work. The Department of Bioengi-
neering is jointly operated by the School 
of Medicine and the School of Engineer-
ing. ISM

Karl Deisseroth is the senior author of a study that found when rats were trained to choose between 
high- and low-risk options, a specific signal in a brain circuit determined their choice.

A rat in an experiment using optogenetics.
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Aida Habtezion, MD, assistant professor of medi-
cine, has been appointed the Ballinger-Swindells Fac-
ulty Scholar. The endowed position supports a junior 
faculty member in the field of inflammatory bowel 
disease and related research. Habtezion investigates 
immune responses associated with gastrointestinal 
diseases.  

 Steven Howard, MD, was promoted to professor 
of anesthesiology, perioperative and pain medicine, ef-
fective Sept. 1. His research focuses on the effects of 
fatigue in health-care personnel and on medical educa-
tion, including crisis-management training and perfor-
mance assessment.

Deirdre Lyell, MD, was promoted to professor of 
obstetrics and gynecology, effective Sept. 1. She special-
izes in preterm labor prevention, high-risk pregnancy 
management and the diagnoses and management of 
placenta accreta. Her research focuses on identifying 
the causes of spontaneous preterm birth and of placenta 
accreta. She is the founding director of the Program in 
Placental Disorders at Stanford. 

Kari Nadeau, MD, PhD, was promoted to professor 
of medicine and of pediatrics, effective Oct. 1. She di-

rects the Sean N. Parker Center for Allergy and Asthma 
Research. Her research focuses on the mechanisms of 
immune dysfunction in primary immune disease, al-
lergy and asthma. 

Jonathan Pollack, MD, PhD, was promoted to 
professor of pathology, effective Aug. 1. His research 
focuses on translational genomics, using genomics to 
better understand, diagnose and treat human diseases, 
with an emphasis on cancer.  

Judith Prochaska, PhD, associate professor of med-
icine, was named president-elect 2016-17 of the Society 
for Research on Nicotine and Tobacco, an international 
scientific organization that supports the generation and 
dissemination of new information about nicotine. She 
will become president at the 2017 meeting in Florence, 
Italy. She is a faculty member at the Stanford Prevention 
Research Center and a member of Stanford Research 
Into the Impact of Advertising. Her research focuses on 
the use of technology innovations to reach diverse and 
underserved populations of smokers.

Carolyn Rodriguez, MD, PhD, assistant professor 
of psychiatry and behavioral sciences, has been named a 
scholar in the Harold Amos Medical Faculty Develop-
ment Program of the Robert Wood Johnson Founda-
tion. The program was created to increase the number 
of medical and dental faculty from historically disad-
vantaged backgrounds. The four-year award includes 
a $75,000 annual stipend plus a $30,000 annual re-

search grant 
and provides 
scholars with 
mentors. She 
is working to 
discover new 
t r e a t m e n t s 
for obsessive-
c o m p u l s i v e 
and hoarding 

disorders by understanding these behaviors at multiple 
levels of analysis, from molecule to behavior. 

Jessica Rose, PhD, was promoted to professor of or-
thopaedic surgery, effective Oct. 1. She directs the Mo-
tion and Gait Analysis Lab at Lucile Packard Children’s 
Hospital Stanford. Her research focuses on brain and 
motor development in children born preterm and the 
neuromuscular mechanisms that cause motor defects in 
children with cerebral palsy. 

Irving Weissman, MD, received the Pioneer Award 
at the Personalized Medicine World Conference in Jan-
uary. He is the Virginia and D.K. Ludwig Professor in 
Clinical Investigation in Cancer Research, professor of 
pathology and of developmental biology, and director 
of the Institute of Stem Cell Biology and Regenerative 
Medicine and of the Ludwig Center for Cancer Stem 
Cell Research at Stanford. The award honors individu-
als who made early, major advances in the personalized 
medicine field.  

Alice Whittemore, PhD, professor of health research 
and policy and of biomedical data science, will present 
the R.A. Fisher Lecture at the American Statistical As-
sociation meeting on Aug. 3 in Chicago. The lecture-
ship was established by the Committee of Presidents of 
Statistical Societies to honor Sir Ronald Aylmer Fisher, 
an English statistician and biologist, and to recognize 
meritorious achievement and scholarship in statistical 
science. Whittemore uses mathematical techniques to 
study the genetics and epidemiology of cancer. 

Kirkham Wood, MD, was appointed professor of 
orthopaedic surgery, effective Nov. 1. He specializes in 
surgery of the spine, with a focus on adults with spinal 
deformity such as scoliosis and kyphosis. 

Lei Xing, PhD, the Jacob Haimson Professor and 
professor of radiation oncology, received a Google Fac-
ulty Research Award. He plans to apply deep learning 
algorithms to improve medical-image processing and 
segmentation. ISM

1 What are the two main reasons that you believe 
women remain underrepresented in leadership roles 

in academic medicine?
Girod: Women are very interested in serving in leader-
ship positions, and they participate in large numbers 
in the educational opportunities that medical schools 
and hospitals offer, such as leadership development 
programs or formal mentorship programs. However, 
despite this training, they 
remain underrepresented in 
mid- and upper-level leader-
ship positions. At the School 
of Medicine, we currently 
have only 13 percent of divi-
sion chiefs who are women, 
and even fewer are department 
chairs. This disadvantage then 
accumulates over time, effec-
tively stunting their careers, 
because they cannot develop 
the expected expertise and 
credentials.

The reason women are not advancing to senior lead-
ership positions is probably multi-factorial, including 
the fact that many leadership positions are appointed 
without a formal process. Potential leaders are groomed 
and usually sponsored by informal leadership networks 
that too frequently do not include women. In addition, 
our study suggests that unconscious biases favoring men 
as leaders may hinder the career advancement of women 
even if they have the qualification and potential.

2  What is the difference between implicit and explicit 
bias? 

Girod: Explicit biases are deliberately formed at the 
conscious level and are easy to self-report. For example, 
in the context of this study, a person might say that 
both women and men have the same leadership poten-
tial, since it is socially desirable to do so. On the other 
hand, implicit biases are attitudes held at the uncon-
scious level and are involuntarily formed. These biases 
are often informed by cues we pick up from our social 
environments. Even though someone might say women 
and men have the same leadership potential explicitly, 
the person may unconsciously associate men with lead-
ership more than women and unknowingly act in ways 
that impede women in leadership. 

4 How does the presence of female leaders change 
the environment of medical schools?

Girod: In medical schools, 47 percent of our students 
and 46 percent of residents are women, and this is 

only one of the dimensions of diversity. The female 
students and young physicians are eager to contribute 
in their chosen field and are looking for role models 
for successful careers. They do not see enough women 
in leadership positions to encourage them to persist. 
Many young women decide not to go into academics 
or my specific field, surgery, because they are rationally 
assessing their chances and do see a paucity of women 
in the leadership. I have this conversation all the time 
with students and residents. We are losing a large part 

of the talent pool both at the entry and then again 
later on when women come to realize they do not have 
strong opportunities for advancement. 

3  What was the most surprising result of this work?
Girod: The most surprising result was that the 

implicit bias of the participants changed after they 
heard a 20-minute presentation that summarizes the 
research literature on implicit bias and provides guid-
ance on how to overcome the undesired effects of 
implicit bias. Since implicit biases are unconscious, 
we did not expect to see an effect of this short inter-
vention. Prior research has shown that once you are 
made aware of your implicit biases, you can actually 
work to improve upon them. This is clearly what hap-
pened among our participants, but we were pleasantly 
surprised that this process could begin after a mere 
20-minute presentation.

5 Is bias for male leadership in academic medicine 
universal? Is it less so in other countries and cul-

tures?
Girod: Bias for male leadership is universal and not 
only in academic medicine. Our family, friends, co-
workers and the media influence our beliefs and biases. 
Because biases come from the society in which we live, 
people tend to share the same biases regardless of their 
gender and age. The culture needs to change to change 
these attitudes, but we can be aware of them and con-
sciously direct our decisions. This is an important first 
step. ISM

Sabine Girod on gender leadership bias 
Although women are gradually joining the leadership ranks of U.S. academic medical 
centers, a gap remains. Just 16 percent of deans and 15 percent of department chairs are 
women, according to a 2014 report by Association of American Medical Colleges. A study 
published the same year estimated that in academic medicine, women won’t hold as many 
full professorships as men for several decades.

In an attempt to fast-forward that progress, Sabine Girod, MD, DDS, associate pro-
fessor of surgery, and Hannah Valantine, MD, a former professor of cardiovascular medi-
cine who is now chief officer for scientific workforce diversity at the National Institutes of 

Health, led a team that tested whether a 20-minute educational intervention could alter 
the implicit or explicit biases held by 281 faculty members, from 13 clinical departments, 
at the Stanford School of Medicine. 

The intervention, which was led by pre-trained “champions” — nine men and four 
women — who had been identified as leaders, did change the faculty members’ percep-
tion of bias. It also changed their implicit biases of female leaders. The findings were 
reported in Academic Medicine in January. Girod recently shared her thoughts on the 
research and on female medical leaders with writer Becky Bach.  
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