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 MEDICINE

PLANS OF 
ATTACK

For the UChicago doctors and 
molecular engineers working to enlist  

our own immune systems in the battle against cancer, 
successes and setbacks alike are critical  

to making the next leap.

BY SHARL A A . PAU L
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O
ver the past five years, the standard of 
care for treatment of many cancers has 
made a decided shift toward marshalling 
a patient’s own immune system to attack 
the disease. The full spectrum of immu-
notherapies available are administered at 
the University of Chicago Medicine Com-
prehensive Cancer Center.

Researchers here are shaping the future 
of cancer treatment from every corner. Work on the role of 
the human microbiome has entered a phase 1 clinical trial. 
The search for biomarkers, also in clinical trials, is designed 
to better target patients 
who will respond to specific 
therapies. Precisely engi-
neered molecules, still in the 
first stages of development, 
could enable therapies to be 
delivered directly to tumors, 
rather than systemically, re-
ducing toxic or autoimmune 
side effects. A new under-
standing of the basic biology 
of the lymphatic system has 
the potential, farther down 
the road, to bring immuno-
therapies to more patients.

This work, and far more, 
comes out of the network of labs that constitute the Com-
prehensive Cancer Center, one of only two National Cancer 
Institute–designated cancer centers in Illinois. Founded on 
good old-fashioned UChicago interdisciplinarity, the Can-
cer Center brings together faculty members from UChicago 
Medicine, the Biological Sciences Division, and the Physical 
Sciences Division. Some are also members of the two-year-
old Microbiome Center and the seven-year-old Institute for 
Molecular Engineering. With so many minds at work, the ef-
fort is moving fast, and findings rapidly build upon each other.

And yet, for so many cancer patients still, it is the worst 
of times.

C hicago, June 4, 2018, in the ear-
ly morning hours. Two of our 
main characters are onstage 

among a group of eight. It’s dark, and 
the crowd is swaying and whooping.

“Baby, don’t you know it’s a damn cry-
ing shame?” Buddy Guy—yes, that Buddy 
Guy—growls into his microphone.

To Guy’s right, the lead guitarist, 
an unassuming white man in glasses, 
jeans, and a maroon polo, grinds out 
an accompanying riff. The oncological 
twittersphere lights up.

“It’s midnight at #ASC0 and do you 
know where some of the world’s most 
famous #immunotherapists are?” comes the tweet from 
Bernard A. Fox, a cancer immunotherapist and academic 
researcher from Oregon. It is the end of day three of the an-
nual meeting of the American Society of Clinical Oncology 
in Chicago, and some of the world’s most famous immuno-
therapists are up on stage with Buddy Guy.

The unassuming lead guitarist? Thomas Gajewski, AB’84, 
PhD’89, MD’91, the AbbVie Foundation Professor of Can-
cer Immunotherapy.

Gajewski has published more than 200 papers on the 
basic science of T-cell biology, antitumor immunity, and 
melanoma therapy—a vast contribution to the development 
of today’s immunotherapy treatments. He is also a clinical 
researcher, studying patients’ responses to cancer therapy. 
Gajewski received a 2016 Outstanding Investigator Award 
from the National Cancer Institute at the National Insti-
tutes of Health, and he was named a 2017 Giant of Cancer 
Care by OncLive, the website of the Oncology Specialty 
Group, a national peer group for oncologists.

The grinning dark-haired man, slightly behind Gajewski 
and Guy, trumpet at the ready? Jason Luke, assistant profes-
sor of medicine.

It was Gajewski’s work on T cells in cancer that led Luke to 
join UChicago in 2014 from the Dana-Farber Cancer Institute 
and the Harvard Medical 
School faculty. Luke works 
with Gajewski to manage 
clinical trials of novel immu-
notherapies, including new 
combinations of drugs, and 
just opened a phase 3 mela-
noma trial for stage 2 disease.

Gajewski, like Luke, spe-
cializes in melanoma, but the 

Immunotherapy is available for only some types of 
cancer. Last year, in an editorial in STAT, two oncolo-
gists at Oregon Health & Science University estimated 
that “two-thirds (68.8 percent) of Americans predicted to 
die of cancer will die of one that currently has no FDA-
approved immunotherapy options.” Many patients’ im-
mune systems do not respond to treatment. Some patients 
experience toxic side effects that may end the therapy or 
be fatal. Advanced clinical trials can fail; UChicago was 
part of one multinational phase 3 trial that failed this past 
year. The cost of treatment can be in the hundreds of 
thousands of dollars, and insurance coverage is not cer-

tain. In 2013 Science her-
alded immunotherapy as 
the Breakthrough of the 
Year. By spring 2016 the 
cover of Time called im-
munotherapy clinical tri-
als—the main means of 
access to the therapy—
“brutally selective, hugely 
expensive, lifesaving.”                           

Wisdom, foolishness; be-
lief, incredulity; light, dark-
ness; hope, despair. Cancer 
still beats us too much of 
the time. For the UChicago 
Medicine physician-clini-

cian making rounds and researching treatments, cancer 
will also inspire redoubled efforts to beat it back.

And so we enter our story, well under way. 
The mice have played their parts. A promising immuno-

therapy has left the lab. Late-stage cancer patients enroll 
in clinical trials under the watchful eyes of the nation’s on-
cologists. These physicians await whichever therapies will 
achieve endpoints, gain FDA approval, and help care for 
their long lists of patients: those whose disease they have 
barely staved off for years, and those whom the oncologists 
hope not to need to tell that they have an advanced case 
and may not have long to live. 

trials also seek to bring immunothera-
pies to patients with other types of can-
cer tumors. They have built a “bIObank” 
(bank of ImmunoOncology samples) of 
patients’ tissues, tumor biopsies, and 
complex blood tests, which are packed 
with information about patients’ im-
mune responses to the therapies—or, 
most likely, lack thereof. Information 
from the bIObank feeds back into the 
basic science research conducted in 
Gajewski’s lab and by other research-
ers, including those at the Institute for 
Molecular Engineering.

The rest of the musicians perform-
ing with Guy are renowned oncologists from cancer centers 
and academic institutions across the country. Sax, trombone, 
drums, another guitar, a harmonica, vocals—to the crowd 
recording the scene with raised smartphones, these are the 
stars of their field. 

“You know it’s a crying shame,” Guy sings, bemoaning a 
two-timing woman while Gajewski’s guitar whines.  

F or Luke, the crying shame is the two-timing im-
mune system.

He and his bandmates named themselves the 
CheckPoints after a critical mechanism in the human body’s 
immune response. The basic idea is as follows: The body 
depends on the immune system generally to remain in de-
fault mode, recognizing normal cells and leaving them be. 
Checkpoints are the proteins on cells that keep the immune 
system in check in the presence of healthy cells. (PD-1, PD-
L1, and CTLA-4 are among the main proteins involved in 
current immunotherapies.) 

When the immune system detects an antigen—any molec-
ular structure it can identify as foreign—it goes on the attack. 
T cells, the white blood cells that drive the body’s adaptive 
immune response, lead the way. But in the complex game of 

hide-and-seek that occurs 
within a cancer patient’s tu-
mor cells, the cancer can use 
these very same checkpoints 
to make the T cells stand 
down, allowing the cancer 
cells to mutate and multiply. 
If unchecked, the tumors 
may spread, and the cancer 
could metastasize. 

When telling the story of immunotherapy and cancer and how 
the two battle it out, it’s awfully challenging not to pull out the old 

A Tale of Two Cities cliché. Because everyone agrees: 
It is the best of times in cancer research and treatment.

THESE PHYSICIANS AWAIT 
WHICHEVER THERAPIES 

WILL ACHIEVE ENDPOINTS, 
GAIN FDA APPROVAL, AND 

HELP CARE FOR THEIR 
LONG LISTS OF PATIENTS. 

Thomas Gajewski, AB’84, PhD’89, MD’91, has made vast contri-
butions to the development of immunotherapy treatments.

Jason Luke (right) focuses on melanoma 
in his research and clinical practice.

Previous pages: royaltystockphoto (T cells attacking cancer); This page: photography by N
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Checkpoint inhibitor drugs, the largest and most studied 
category of available immunotherapies, suppress the check-
point proteins on cancer cells that enable those cells to fool 
the immune system into leaving them alone. 

In addition to checkpoint inhibitors, other forms of im-
munotherapy in use include CAR T-cell therapy, a process 
by which T cells are removed, supercharged, cloned, and re-
introduced into the body. (UChicago Medicine was the first 
site in the country to be certified to treat both adult and pe-
diatric patients with FDA-approved CAR T-cell therapies for 
specific blood cancers; see “Supercharged,” page 34.) There 
are also cancer vaccines. While these therapies, and combi-
nations of them, are currently FDA approved or in clinical 
trials available for late-stage patients, in 
the lab researchers have moved beyond 
them and are seeking the next wave of 
immune-boosting treatments.

Cancer patients, Luke explained a few 
days before the ASCO meeting, are di-
vided into two subsets. There are those 
fortunate few whose immune systems 
recognize cancer and have an immune 
response—which cannot beat cancer on 
its own, but is a response just the same. 

These patients have what’s called 
a “hot,” or “T-cell inflamed,” tumor 
microenvironment. Their tumors 
are populated by T cells that are sup-
pressed but that, if given support by 
immunotherapies, might fight the 
cancer cells. But most patients’ tu-
mors are “cold,” or devoid of T cells, a 
situation that Gajewski calls a “failure 
to recruit,” making the tumor far less 
likely to respond to immunotherapy. 

 “We try not to use the c-word,” Luke says, referring to the 
pursuit of a cure, “because we don’t want to overpromise what 
we’re talking about, but certainly we have patients who got 
immunotherapy five years out, 10 years, and longer, with no 
recurrence and not needing any more treatment. It’s sort of 
like a vaccine, in the fact that if the immune system figures it 
out, you don’t need any more treatment program.” 

On a midday break during his Friday rounds, Luke wears 
a white lab coat and has the youthful appearance of an as-
sistant professor. He makes rounds every day, tending to 
melanoma patients on Tuesdays. His name regularly pops 
up on melanoma.org’s “find support” message boards. (“If I 
was in the Chicago area this is who I would seek out,” wrote 
one patient to another in May.)

To understand why immunotherapy does not work 
for the majority of patients, researchers must keep go-
ing back to the minority for whom it does. Patients who 
respond to immunotherapy are “paradigm,” Luke says.  

What is it about these patients, their immune systems, their 
cells, their genes—whatever it might be—that prompts an im-
mune response? One clue could be biomarkers, internal bio-
logical molecules whose presence predicts particular clinical 
outcomes, and for Luke and Gajewski’s purposes might indi-
cate which type of immunotherapy would be most effective in 
an individual cancer patient. Both are among the researchers 
now working in the lab to understand biomarkers, comparing 
tissue samples and blood tests of patients who don’t respond 

to immunotherapy with those of re-
sponsive patients to understand what’s 
different. Pinpointing biomarkers is the 
primary focus of a new UChicago clini-
cal trial, begun this past March with 
Luke as the principal investigator.

Examples of biomarkers include 
oncogenes, genes that under certain 
circumstances may transform a cell 
into a cancerous tumor cell. Another 
biomarker could be the mutation rate 
within tumors and its effect on how a 
patient responds to immunotherapy. 
“Extrinsic” biomarkers include the 
presence or absence of certain bacteria 
in a patient’s gut microbiome.

Gajewski and his team were among 
the early discoverers of one extrinsic 
biomarker, a healthy bacteria strain 
known as Bifidobacterium. In 2015 the 
team discovered that mice procured 
for their lab from one supplier tended to 

have a robust spontaneous immune response to melanoma tu-
mors implanted under the skin. Mice from a different supplier 
had a much weaker response. When the researchers mixed 
the mice from both cages together, they found that both sets 
of mice had a robust response. The team traced the change 
to Bifidobacterium, which was present in the intestines of the 
immune-responding mice who shared it with their new neigh-
bors. The anticancer effects of the gut bacteria were compara-
ble to treatment with checkpoint inhibitors. A similar human 
study from Gajewski’s group that transplanted stool samples 
in patients was “quite compelling,” Gajewski told UChicago 
Medicine’s publication Medicine on the Midway last fall. Ga-
jewski worked with the University’s Polsky Center for Entre-
preneurship and Innovation to file patent applications and 

the University licensed the technology to Evelo Biosciences, 
a biotech company in Cambridge, Massachusetts. 

The next step, Gajewski said in Medicine on the Midway, 
are “probiotics that could boost antitumor immunity in 
patients.” The week before ASCO, the FDA gave Luke the 
green light to run a clinical trial to assess the effects of two 
Evelo probiotic pills in patients with different types of can-
cer, including colon and skin cancer.

The patent-to-pill path of that bacteria strain is an exam-
ple of “translational” science, taking research and turning it 
into drug therapies eventually bound for clinical trials, with 
FDA approval as the endgame. Gajewski is an inventor on 46 
patents and has contributed inventive discoveries to at least 
four immunotherapies. Three of his patent portfolios are 
licensed to companies developing immunotherapies, and 
he’s been at work with the University on a start-up company, 
launching in 2019, that will build immunotherapies based 
on new discoveries in his lab. 

In addition, Gajewski worked with scientists at Aduro 
Biotech to understand how STING agonists (the name 
stands for “stimulator of interferon genes,” a protein com-
plex that helps detect tumor cells and promotes an ag-
gressive antitumor response) can be used to stimulate an 
immune response. The therapy is now in phase 1 trials.

His work to determine that immune-boosting com-
pounds that block an enzyme called indoleamine 2,3-diox-
ygenase (IDO) can work in combination with checkpoint 
inhibitors was key to the development of a class of drugs 
known as IDO inhibitors. But, like any road to discovery, 
this one is fraught with obstacles: Gajewski’s IDO collabora-
tor, the biotech company Incyte, was among three compa-
nies to cancel major multinational phase 3 clinical trials of 
IDO inhibitors this past year. In a May 2018 article, Science 
magazine called the cancellations a “surprising failure” that 
“quickly reverberated across the pharmaceutical industry.”

That setback explains why Luke is careful about using 
the c-word. Just when it looks like a cure might be at hand, 
the prospect can just as likely slip away. Best of times, worst 
of times.

“That was supposed to be the next big thing in melanoma, 
and it was just an absolute bust,” says Luke. “That really set the 
field to take a step back, and that was probably a good thing.”

Another take on the trial result comes from Thelma Ten-
nant, PhD’03, the oncology innovations and ventures lead 
at Polsky. “Cancer drug development is high risk, high re-
ward,” says Tennant, who has worked with Gajewski for 
more than 10 years to translate his research into patents, 
licenses, and partnerships that bring drugs to trial. The 
risk, she says, must be offset by sound planning, from the 

WE DON’T WANT 
TO OVERPROMISE 

WHAT WE’RE 
TALKING 

ABOUT, BUT 
CERTAINLY WE 
HAVE PATIENTS 

WHO GOT 
IMMUNOTHERAPY 
FIVE YEARS OUT, 
10 YEARS, AND 

LONGER, WITH NO 
RECURRENCE.

Illustration by D
aniel H

ertzberg
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inception of the idea to the 
design and implementation 
of the clinical trial. 

“Jason and Tom are among 
many clinician-researchers 
doing a lot of deep think-
ing on what happened with 
Epacadostat” she says, refer-
ring to Incyte’s canceled IDO inhibitor trial. “One problem 
was that they didn’t have a clear biomarker.”

The next crucial work is to trace the line from the trial 
failure back to the lab, where Gajewski and Luke are now 
pursuing biomarkers. Even the setbacks in cancer immuno-
therapy furnish precious information that will be critical to 
making the next leap.

“We have a collection of clinical researchers who excel at 
both clinical research and bench research,” Tennant says. 
“They see what’s happening in patients and take it back to 
the lab and make new discoveries that can rationalize what’s 
happening in the clinic or, better yet, revolutionize the field.”  

P artnering with clinical researchers like Gajewski and 
Luke are molecular engineers, who look for leaks and 
systemic problems and set to work on fabricating so-

lutions. They peer into the tumor microenvironment, which 
may be hot—or, more likely, cold, lack-
ing T cells—and has all kinds of other 
characteristics. 

In 2014 the husband-wife team of Jef-
frey Hubbell, the inaugural Eugene Bell 
Professor in Tissue Engineering, and 
Melody Swartz, the William B. Ogden 
Professor in Molecular Engineering, 
came from the Institute of Bioengi-
neering in Lausanne, Switzerland, to 
lead the immunoengineering and can-
cer effort at the Institute for Molecular 
Engineering (IME). Their labs are in 
the bright and airy William Eckhardt 
Research Center on Ellis Avenue. 

Hubbell and Swartz keep a close eye 
on the published outcomes of immuno-
therapy, Hubbell says, constantly ask-
ing, “Can we improve them?”

One challenge for oncologists is rec-
ognizing and managing side effects 
of immunotherapy, which tend to be 
autoimmune responses, where the im-

drug molecule an affinity for the extracellular matrix of the 
tumor. The molecule binds to the matrix, and the drug leaks 
into the tumor, not into healthy tissues. 

“We use the tumor as a depot for the drugs,” he says. “We 
can target it and keep [the drug] around for a long time. So 
an extremely simple idea: The tumor is leaky. That exposes 
matrix. I can bind to that matrix. That’s it. Very simple.”

Not really simple, of course. The University has patented 
the intellectual property that goes into reengineering the 
drugs to add the binding characteristic. It’s one of 77 patents 
on which Hubbell’s an inventor. 

His group is also “trying to take a known molecule that 
wasn’t druggable and turn it into a drug” that might draw 
an immune response to cold 
tumors. They look at biologi-
cal molecules with a known 
mechanism of action such as 
cytokines—small proteins 
involved in the interactions 
and communications be-
tween immune cells—and 
chemokines, which direct 
immune cells to sites of in-
flammation. Hubbell’s group 
is now at work on a tumor-
targeting cytokine, as well 
as classes of chemokines, 
which only works as a drug 
“if you can localize them to 
the tumor,” he says. “If you 
deliver the chemokine in the blood you just induce inflamma-
tion everywhere, as opposed to [only] in the tumor.”

Working with known drugs and molecules significantly 
shortens the time from conception to clinical testing, Hub-
bell says, compared to that of a new drug, which is close to 
a decade. He estimates it takes three to four years “from 
conception to company founding” for a known drug, then 
an additional two years to a phase 1 clinical trial. From there 
to approval “is a long path,” he says. “But if it were a totally 
new target then it might be longer, because there’s a lot 
more toxicology” to do. 

Hubbell is all about translation, unabashed about his fo-
cus on “applied” work in an institution that, for much of its 
history, proudly stuck to basic science. Over at the Polsky 
Center, Tennant thinks of Hubbell as “a type of serial in-
novator that we love to help support and grow more of at 
the University.” 

Tennant, who was the very first PhD student in UChi-
cago’s Committee on Cancer Biology, recalls a faculty 

mune system attacks healthy 
tissue. Most common are 
skin rashes (dermatitis), but 
more dangerous side effects 
include autoimmune inflam-
mation in the organs, such as 
the colon (signaled by diar-
rhea) and lungs (indicated by 

shortness of breath), as well as acutely serious conditions such 
as inflammation of the thyroid, heart, or liver. 

Autoimmune responses occur because current immuno-
therapies are systemic, “leaking” into the rest of the body. 
“With the existing drugs,” Hubbell says, “the purpose is to 
induce immune responses to the tumor, but the side effect 
is inducing immune responses to the self. They go hand-in-
hand. It’s very difficult to have one without the other.”

So Hubbell’s group seeks alternatives to systemic treat-
ment. Much of their work takes place in the body’s “inter-
stices,” the small spaces between cells, particularly in the 
rapidly changing and unpredictable microenvironment of a 
tumor. The physiology of a tumor is determined by its own 
particular mutations, with their own cellular structures, 
which can affect how the body’s fluids flow in and through 
it. Where tumors present physiological and flow-related 
“interstitial barriers,” Hubbell’s group builds nanomate-
rials for drug delivery. The goal is to make the nanoma-

terials small enough to penetrate the 
interstitial barriers, but not so small 
that they’ll get lost in the ebb and flow 
of bodily fluids. Hubbell also builds 
nanoplatforms able to deliver drug 
molecules directly to tumors. Right 
now the research is in mouse models; 
the aim is to translate it to the clinic 
and humans.

In these projects, Hubbell works with 
existing drugs, which he reengineers for 
higher efficacy and lower toxicity. Why 
work with existing drugs? Because new 
drugs present the risk of unknown bio-
logical interactions. “If a molecule has 
already been in use then you know a lot 
about it,” he explains. “You’re less likely 
to be surprised in an untoward way.” 

The inherent “leakiness” of the 
tumor structure raises the question, 
“How would I make the drugs stay in 
the tumor?’” Hubbell says. His group 
has figured out how to build into the 

member saying, “You’re that kid in cancer biology. I don’t 
understand why you’re studying a disease rather than basic 
mechanisms of biology.” Her reply was that no other disease 
was as “relevant to biology” as cancer, so in effect, she was 
doing exactly that. 

“I’ve seen this place go from, ‘I can’t believe you’re study-
ing something so applied as a disease,’ to faculty starting 
their own companies,” she says. “It’s a huge cultural shift.” 

Indeed, Hubbell is quick to support students heading out 
of academia and into industry.

“I try to disabuse my group from the idea that the aca-
demic path is the high path, and the industry path is the 
low path. I think that’s a backwards way of thinking,” he 

says. “There’s a great deal of 
glory that comes with imple-
menting. And even in indus-
try there is a tremendous 
amount of innovation and in-
vention that precedes imple-
mentation. I’m just as proud 
of the trainees who are going 
into industry as those who 
are at academic centers.”

Tennant agrees. “Discov-
ery for the sake of discovery 
is important but so is dis-
covery for the sake of trans-
lation,” she says, an effort 
aimed squarely at enriching 
human life, as the Univer-

sity motto would have it. “We have to remember that part 
of our goal is to make discoveries useful in everyday life.”

Crescat scientia; vita excolatur, the motto reads. Let knowl-
edge grow from more to more; and so be human life enriched. 

A t her IME lab Swartz is at work in the tumor micro-
environment. Hot or cold and potentially leaky, for 
better or worse, the tumor is linked to the rest of 

the body via the lymphatic system. 
The lymphatic system, which Swartz has studied for a de-

cade, is a part of circulation within the body, draining fluid 
and other items from the body’s interstitial space and return-
ing the “cleaned” fluid back to the blood. It is a critical com-
ponent of the immune system. Immune cells travel through 
lymphatic vessels and reside in lymph nodes, where they 
communicate with each other and can become activated. 

For most of cancer research history, the lymphatic sys-
tem has been considered one major means of metastasis—a 

I’VE SEEN THIS PLACE GO 
FROM, “I CAN’T BELIEVE 

YOU’RE STUDYING 
SOMETHING SO APPLIED 

AS A DISEASE,” TO 
FACULTY STARTING THEIR 

OWN COMPANIES. IT’S 
A HUGE CULTURAL SHIFT. 

For the past decade, molecular engineer 
Melody Swartz has been studying the lym-
phatic system and its role in metastasis.

Jeffrey Hubbell’s lab reengineers cancer drugs to work better 
and more safely, and develops new drugs from known molecules.
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superhighway by which tu-
mors spread to distant sites 
throughout the body, likely via 
interstitial flow. “Despite its 
importance, the regulatory bi-
ology of lymphatic function is 
poorly understood,” Swartz’s 
research profile reads. In par-
ticular, Swartz wants to understand tumor-associated lym-
phangiogenesis—the process by which lymphatics expand 
around and into a tumor. In 2017 she published a surprising 
twist on the role that the genesis of new lymphatic vessels 
plays in cancer immunology.

“What we realized is not that we were wrong before, but 
that it’s more complex,” she says. 

Initially, Swartz’s group set out on a series of mouse stud-
ies to understand why lymphangiogenesis promotes im-
mune suppression and allows tumor spreading. But along 
the way, her group noticed that tumors where lymphangio-
genesis occurs were full of T cells. 

It turns out that lymphatic vessels play on both teams, 
Swartz says, enabling both damaging metastasis and help-
ful T-cell infiltration. So lymphangiogenesis is yet another 
biomarker that may predict immunotherapy success. Cir-
cling back to Luke and Gajewski’s first subset of patients, 
whose tumor microenvironments are hot with T-cell infil-
tration, these are the patients most likely to respond to im-
munotherapy. Yet these therapies still have problems, says 
Swartz, who talks quickly, interrupting herself frequently 
to expand on a previous point and then jump to the next, 
painting a landscape with a lot going on all at once. 

Sitting at a round table in her second-floor office, where 
the high walls of windows show blue sky, Swartz begins 
reeling off statistics and rapidly working her way through 
a cartoon—the name researchers give to their schematics 
of what’s happening inside tumors. But she pauses now, 
and tells about a family friend who lives in Arizona and 
came to stay with her for three months last fall while par-
ticipating in a clinical trial. It’s an all-too-familiar story, 
and yet every time it’s told, its gravity can dim even the 
most light-filled room.

“At first it looked like it was really great,” Swartz says. 
“She thought she was cured, and then a few months later … 
tumors everywhere.”

And then Swartz’s lab technician’s son, who was only 
25 and was receiving checkpoint inhibitor therapy, died of 
liver toxicity. 

“This all happened a few months ago. So it’s really raw,” 
she says. “There’s a lot that’s been done, and there’s so much 

promise, and it’s so exciting, 
but there’s still so much that 
doesn’t work.”

This is where engineering 
can partner with biomedical 
research, Swartz says, “be-
cause we can try to identify 
where are these problems and 

make immunotherapies better.” 
Swartz’s group is now undertaking studies using Hub-

bell’s matrix-binding structure, where a leaky tumor allows 
itself to become a drug depot. They load Hubbell’s nano-
platform with a high dose of drug molecules—much higher 
than would be possible with a systemic dose—and target the 
tumor-draining lymph node. Swartz believes the tumor-
draining lymph node is the most “interesting and impor-
tant” place to target immunotherapies because “it already 
has information from the tumor.” 

And she sees even another layer of possibility in the 
lymph node: it is the training ground for T cells, the very 
place where T cells learn to fight specific antigens, taught by 
a specialized group of dendritic cells that have the capacity 
to prime a tailored T-cell response.

Returning to her cartoon, she maps out the process her 
group is modeling in the lab with mice: Start with a strong 
dose of current immunotherapy drugs, reengineered, load-
ed onto a nanoplatform, and delivered directly to the tumor. 
The drug wakes up the immune system, and T cells go on 
attack. But just when the cancer cells begin mutating and 
fooling the immune system again—which is exactly what 
happened with Swartz’s friend—the adaptive dendritic cells 
can teach the T cells to respond in kind, in effect learning 
from the cancer how to fight the cancer. It’s executed not in 
a test tube, but in the body’s own lymph nodes. 

Swartz looks up from her drawing, eyes flashing with 
anticipation. By training the T cells to adapt to the battle at 
hand, the body really might be able to heal itself.

Swartz sits in silence for a moment, savoring the 
thought. Truly, it is both the best and worst of times in 
cancer research. At UChicago Medicine, Gajewski, Luke, 
and their colleagues will go about caring for patients in 
the most recent round of clinical trials, watchful, hope-
ful, adding valuable samples to their bIObank to feed into 
future research. And at IME, the mice will play their 
roles, the research will be framed toward translation into 
its own clinical trials with humans. And then we will see 
about the times to come.  ◆

Sharla A. Paul is a writer and editor in Hyde Park.

I n 2017 UChicago Medicine be-
came the first site in Illinois 
to offer chimeric antigen re-
ceptor (CAR) T-cell therapy, 

and the first in the United States to 
treat specific blood cancers with the 
therapy in both adults and children. 
The adult cellular therapy program 
is headed by Michael Bishop, pro-
fessor of medicine, and the pediat-
ric program by John Cunningham, 
the George M. Eisenberg Professor 
of Pediatrics and chair of the Depart-
ment of Pediatrics.

In this form of immunotherapy, T 
cells are extracted from the blood of 
patients with acute lymphoblastic 
leukemia or certain types of non-

Hodgkin lymphoma. In a laboratory 
they are then converted to CAR T 
cells by adding special receptors 
created (also in a lab) to bind to 
certain proteins on cancer cells—ef-
fectively supercharging the T cells.

When the therapy works, the pa-
tient’s T cells, reinfused into that in-
dividual’s bloodstream, search out 
and destroy cancerous cells that 
have the targeted proteins. 

Early results are heartening, with 
patients responding at higher rates 
than to other forms of cancer immu-
notherapy. For patients with acute 
lymphoblastic leukemia, the remis-
sion rate after CAR T-cell therapy is 
70 to 90 percent, and for those with 

non-Hodgkin lymphoma the remis-
sion rate is 40 to 50 percent. Those 
who show no evidence of disease 
for three months after treatment 
are considered unlikely to have a 
recurrence.

“CAR T-cell therapy has provided 
a potentially curative option for pa-
tients with blood cancers who had 
run out of options,” says Bishop. 

Cunningham adds, “CAR T is the 
first truly effective immune therapy 
for a human cancer. We’ve been 
looking for a treatment like this for 
30 years. Now we’re beginning to 
see the reality. And I believe more 
treatments like this will come in the 
next five to 10 years.”  ◆
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1.
T cells (the workhorses 
of the immune system) 
are collected from the 

patient’s blood.

2.
Scientists insert 

instructions that enable 
those T cells to find 
specific cancer cells.

3. 
While the T cells 

multiply in the lab, 
the patient receives 

chemotherapy to 
reduce the number 

of cancer cells.

4. 
The engineered T cells 

are returned to the 
patient’s bloodstream, 
where they seek out 

and kill remaining 
cancer cells.

THE ADAPTIVE 
DENDRITIC CELLS CAN 

TEACH THE T CELLS 
TO RESPOND IN KIND, 
IN EFFECT LEARNING 
FROM THE CANCER 

HOW TO FIGHT 
THE CANCER. 

CHIMERIC ANTIGEN RECEPTOR (CAR) T-CELL THERAPY


