Window of opportunity

Cancer vaccine potential has often been thwarted, but
there’s afresh wave of optimism. By Bianca Nogrady

he path to therapeutic cancer vaccines
is strewn with disappointment. In the
20-year history of clinical trials for vac-
cinesthatare designed to treat existing
cancer by stimulating the immune sys-
temtoattackit, “all of them pretty much failed”,
says Kavitha Yaddanapudi, an immunologist
at the University of Louisville in Kentucky.
Although two preventative cancer vaccines
have been highly successful in targeting the
viruses that cause liver and cervical cancer,
stoppingthe spread of cancer that has already
taken hold remains a significant challenge.

The theory behind therapeutic cancer vac-
cinesis simple: research has shown that the
immune system responds to cancer, which
justified the idea of vaccines that can stall or
halt the spread of the disease. “We are pretty
sure that even at the very earliest initiation of
cancer, theimmune system getsinvolved,” says
OliveraFinn,animmunologist at the University
of Pittsburghin Pennsylvania. But despite see-
ingsigns of a positiveimmunological response
toacancervaccine —suchasincreased levels of
cancer-targetingimmune T cells —intrial after
trial, this rarely translated to any significant
impact on tumours and patient outcomes.

Arare success story is the prostate cancer
vaccine Provenge, which works by harvest-
ing the patient’s ownimmune cells, exposing
them to a prostate cancer-specific protein,
then reinjecting them back into the patient
toboost theirimmune response to the cancer.
The treatment went to market in the United
States in 2010 and has since been made avail-
able in several countries. It has been shown
to extend the lives of people with advanced
disease by around four months, but it does not
slow disease progression.

As interest in therapeutic cancer vaccines
waned, another treatment — an immuno-
therapy technique known as checkpoint block-
adeyielded far more promising results. This
approachinvolves blocking proteins called
immune checkpoints, which cancer cellsuse to
switch offthebody’simmuneresponse. Check-
pointinhibitor medications have transformed
the treatment and prognosis of cancers such
aslung and melanoma, and shed light on why
somany cancer vaccines have failed. “Cancer
immunotherapy and cancer vaccines, they
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overlap alot with the same end goal of acti-
vating yourimmune system to fight harder and
smarter against the cancer,” Yaddanapudisays.

Now informed by insights from checkpoint
inhibitors, the search for cancer vaccines has
resumed withaspringinits step, and is target-
ingsome of the deadliest cancers. But there’sa
longroad ahead, as early results deliver more
questions than answers.

Timing vaccination

Oneapproachthatis showinggreat potentialis
personalized cancer vaccines. Vinod Balachan-
dran, a surgical oncologist at the Memorial
Sloan Kettering Cancer Center in New York,
is working on a therapeutic vaccine to treat
pancreatic cancer —an aggressive disease with
aroughly 10% five-year survival rate.

Previous research by Balachandran and
his colleagues' found that patients who had
survived for longer than five years showed a
unique immunologicalimprint of the disease
in their T cells. This prompted the question
of whether immune recognition could be
induced by avaccine based ona patient’sown
tumour cells. “Our finding had suggested that
spontaneous immune recognition of amuta-
tion can occur,” Balachandran says. “When
suchimmune recognition occurs, it appears
toimpact the clinical outcome.”

Aphaseltrialwaslaunchedin2019forathera-
peutic mRNA vaccine, which uses messenger
RNAtoinstructcellsto produce tumour-specific
proteinsthat trigger animmuneresponse. The
vaccines were ‘made to order’ forasmall cohort
of patients, based ontissue samples takenfrom
their tumours. The tumours were removed in
aNew York hospital and shipped to a clinicin
Germany within 72 hours, says Balachandran.
“Withineight weeks of surgery, wereceived the
patient’sindividualized RNA vaccines,and then
we administer it to the patient.”

The results? have been mixed, but encour-
aging. Eight of 16 patients showed a strong
immunological response to the vaccine
and six of those had no recurrence of their
cancer after three years. Six of the eight
patients who did not show animmunological
response experienced tumour recurrence.

One complication of the study is that
the majority of those who didn’t show an

immunological response had previously had
surgery to remove their spleen — a routine,
standard-of-care option in pancreatic sur-
gery. Thespleenwas one of the targets for the
vaccine delivery system, so one theory isthat
its removal might have affected the vaccine’s
efficacy, says Balachandran. A phase Il trial is
under way in patients who have intact spleens.

Thiswork highlights akey challengein devel-
opingtherapeutic vaccines: peoplereceiving




A patient at London'’s UCL Hospital receives BioNTech’s mRNA immunotherapy for non-small-cell lung cancer, in the first UK clinical trial.

themalready have cancer and are likely to have
undergone avariety of treatments for it. How-
ever early the disease is found, “the immune
system is affected because it has been deal-
ing with this cancer and the cancer has putan
imprintonit”, Finn says. This could be why so
many therapeutic cancer vaccines have shown
promise in animal models but then failed to
show an effect in humans. “The animal mod-
els don’t have this long interplay between

cancer and the immune system,” says Finn,
whereas by the time atumour is diagnosedin
ahuman, theimmune system might already be
compromised too much foravaccine to have
any impact.

Finn is interested in what she calls ‘can-
cer interception’, which sits between pure
therapy and pure prevention. Cancer inter-
ception might apply to individuals who are
known to be at high risk of cancer, such as

heavy smokers or those with family history
or genetic predisposition to cancer. “With the
new imaging technologies, we can really dis-
cover all sorts of premalignant lesions” before
they turn into cancer, she says. “That’s the
window of opportunity.”

Finding patients in this premalignant state
isn’t easy. Finn and her colleagues have been
investigating the use of a cancer vaccine
that targets a protein called MUC1 — which

Nature | Vol 640 | 24 April 2025 | $55

PA IMAGES/ALAMY



is altered in many cancers — in people who
have colorectal polyps that often progress to
colorectal cancer. These are patients whose
polyps will be removed, and then it’s a case
of “watch and wait”, Finn says. But it offers a
narrow window of opportunity to vaccinate
and potentially prevent the emergence of
more polyps or tumours.

Astudy®by Finnand colleagues of thisinter-
vention in around 100 patients with a recent
history of colorectal adenomas found a signif-
icantreductioninrecurrence, butonlyamong
the 25% of vaccinated patients who showed an
immunological response to the vaccination.
The teamis also conducting trials of the vac-
cinein smokers with hopes of reducing the risk
of lung cancer, and in women who have been
diagnosed with ductal carcinomainsitu, avery
early and non-invasive form of breast cancer
that can turninvasiveif left untreated.

Choosing targets

Another key challenge for vaccinesis selecting
theright target. Tumour-associated antigens —
proteins or molecules onthe surface of cancer
cells that trigger an immune response — are
very difficult to pinpoint, for example. Not all
cancersdisplay alot ofthem, for one thing, and
they can also be found on healthy cells. Some
are not detectable by the immune system at
all. It’salso difficult to predict how or whether
an antigen will provoke an immune response,
says Siow Ming Lee, a medical oncologist at
University College London, who is leading a
clinical trial of an mRNA vaccine for lung cancer
patients.

Lee and his colleagues are taking two
approaches: one vaccine will target acommon
tumour-associated antigen and the other will
betailored to the individual patient’s tumour,
based on genomic profiling of their cancer.
Lee acknowledges that vaccine personaliza-
tion doesn’t provoke an immune response
in all patients, as has been the case in several
pancreatic cancer vaccine trials, including
Balachandran’s.

Lee’s trialisinvestigating the differencesin
how the body responds to vaccines at all stages
of lung cancer. Early-stage cancers are more
likely to provoke a strong immune response,
when the body is still relatively healthy, but
there are fewer antigens to target. In a late-
stage cancer scenario, by comparison, the
immune response is overwhelmed, which
makesit less likely torespond to the antigens.

Another angle of attack exploits the fact
that tumour cells have a lot in common with
embryonic stem cells. “There are a lot of pro-
teinsand genes that the embryo expresses, that
the tumour also expresses,” Yaddanapudisays.
Vaccinating an adult with embryonic stem cells
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An experimental breast cancer vaccine at University of Washington Medical Center.

willinduce animmune response that also cap-
turestumour cells, because the adultimmune
system hasn’t encountered those stem cells
before. Yaddanapudiand colleagues have been
trialling thisapproach in animal models, using
vesicles — membrane-bound structures that
can contain the immunogenic triggers — gen-
erated from embryonic stem cells. The idea is
touse this vaccinein high-riskindividuals, such
as heavy smokers, to prevent the occurrence
of cancer.

Althoughthere’sgreatenthusiasmabout the
potential of cancer vaccines, Claire Bennett,an
immunologist at University College London,
saysthereare fundamental questions that need
to be resolved. This might explain why clinical
trial results so far aren’t delivering the same
immunological slam-dunk as checkpointinhib-
itorshave for some cancers. “My concernis that
wecouldend upinasituationwhere everybody
istrying desperately todo this, and they all have
their favourite approach”, butit’s not clear why
some patients respond and some don’t, she
says. “There’s alot of basic biology that I think
we probably don’t quite understand.”

Also looming large over these research
efforts is the administration of US President

Donald Trump, which has already made deep
cuts worth billions of dollars to staff and
funding at the National Institutes of Health
—including to the National Cancer Institute,
amajor cancer research funder (see Nature
638, 865-867;2025). Robert F. Kennedy Jr, a
long-time vaccine sceptic, hasbeen appointed
as health secretary, which could jeopardize
research on preventative or therapeutic can-
cer vaccines. Lee says he has already had one
patient refuse to take part in his lung cancer
study because they did not want toreceive an
mRNA vaccine.

Balachandran is optimistic that the high
burden of cancer, and the need for treatments
that are less toxic than chemotherapy, will
carry cancer vaccines forward, regardless.
That optimism may be borne out: in March, a
bill that was introduced to the Montana state
House of Representatives —and subsequently
voted down — sought to ban mRNA vaccines
for infectious disease, except in the case of
cancer and genetic disorders.

“The possibility to use such a transform-
ative technology to potentially change out-
comesinmany cancer types would really be a
strongimpetus for government support,” says
Balachandran. “I think that would really be a
strong argument to continue supporting it.”

Bianca Nogrady is a freelance science
journalist based in Sydney, Australia.
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