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It has been nearly fifteen years since the Food and Drug Administration (FDA) ap-
proved the first therapeutic cancer vaccine for solid tumors, namely Sipuleucel-T (Provenge®),
marking a significant milestone in the treatment of metastatic castration-resistant prostate
cancer [1]. Since then, only one other therapeutic cancer vaccine has received FDA approval
for solid tumors—Talimogene Laherparepvec (T-VEC or Imlygic)—which is a groundbreak-
ing oncolytic virus (genetically modified herpes simplex virus (HSV)) therapy designed
to treat advanced melanoma [2]. However, despite numerous clinical trials investigating
the potential of cancer vaccines for the treatment of lung cancer [3], until recently, the
results have been largely disappointing. This challenging and lethal disease has proven
difficult to target effectively with vaccine-based therapies, which is mainly attributed to its
highly immunosuppressive tumor microenvironment (TME) [4]. Developing vaccines to
combat lung cancer involves tipping the balance between immune activation and immune
suppression toward enhanced immune activation, highlighting the need for continued
innovation and research in this field.

One of the most exciting developments in lung cancer treatment is the creation of per-
sonalized vaccines that target neoantigens—unique, mutated proteins found exclusively on
a patient’s tumor cells [5]. Unlike tumor-associated antigens (TAAs), which can be present
in both tumor and normal tissues, neoantigens are tumor-specific antigens (TSAs) that are
solely expressed in cancerous cells. This distinction allows for a more precise targeting
of the immune response, potentially leading to more effective and tailored therapies for
individual patients [6]. By employing whole-exome sequencing techniques, researchers
can identify individual-specific neoantigens that serve as promising candidates for lung
cancer vaccination [7,8]. The integration of artificial intelligence (AI) in this process holds
significant potential as it can aid in pinpointing the neoantigens that are likely to be highly
immunogenic, enhancing the effectiveness of personalized cancer vaccines.

Since the success of COVID-19 mRNA vaccines, a promising new avenue has opened,
i.e., the use of mRNA technology to treat lung cancer. BioNTech has taken a pioneering
step by developing BNT116, the world’s first mRNA vaccine for lung cancer. This inventive
vaccine targets non-small-cell lung cancer (NSCLC), the most prevalent form of the disease.
BNT116 is an intravenously administered uridine RNA-based lipoplex cancer vaccine
comprising six mRNAs (MAGE A3, CLDN6, KK-LC-1, PRAME, MAGE A4, and MAGE
C1), each encoding a TAA that is frequently expressed in NSCLC, aiming to stimulate a
precise and robust immune response against tumor cells. There is great optimism around
combining BNT116 with existing immunotherapies, potentially fostering the immune
system’s ability to target and destroy cancer cells quickly and more effectively [9]. Vaccines
can prime the immune system, and immune checkpoint inhibitors (ICIs), for example, can
sustain the immune response, potentially leading to better outcomes.

Peptide vaccines constitute the majority of lung cancer vaccines currently being tested
in clinical trials. Nevertheless, the results from phase III trials have been largely dispirit-
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ing [3]. To address this, efforts are being focused on incorporating different adjuvants to
enhance the immunogenicity of peptide-based therapeutic vaccines, with the intention of
boosting their effectiveness in treating lung cancer [10]. Ongoing preclinical trials also aim
to reshape the future of clinical approaches to lung cancer vaccination. These studies have
shown, for instance, that a single-peptide vaccine targeting anaplastic lymphoma kinase
(ALK), a receptor tyrosine kinase responsible for the regulation of cellular proliferation
and differentiation, can restore the function of impaired CD8+ T cells (which play a crucial
role in immune surveillance and defense against cancer). When combined with tyrosine
kinase inhibitors (TKIs), this strategy has effectively eliminated ALK-positive (i.e., the
rearrangement of the echinoderm microtubule-associated protein-like 4 (EML4) gene and the
ALK gene generating fusion oncogene EML4-ALK) NSCLC [11]. At present, this promising
vaccine approach is being evaluated in an ongoing phase I/II clinical trial for advanced
ALK-mutated NSCLC (NCT05950139), underlining its potential to transform the future of
lung cancer treatment.

Beyond the therapeutic promise of lung cancer vaccines, there is hope for the de-
velopment of preventive vaccines in the future, akin to how vaccination has successfully
prevented human papillomavirus (HPV)-induced cervical cancer [12]. Although lung
cancer is not caused by a virus like cervical cancer, researchers are exploring strategies
to create vaccines that target the underlying mechanisms leading to the disease, such as
mutations triggered by smoking-related carcinogens [13]. These efforts could pave the way
for reducing lung cancer risk before it even develops.

In conclusion, the future of lung cancer vaccines is poised at a thrilling juncture, driven
by advances in genomics, mRNA technology, and AI. Therapeutic vaccines are becoming
more personalized, targeting unique neoantigens to deliver precise, efficacious treatments,
while the prospect of a preventive vaccine gives hope for a future where lung cancer can be
mitigated before it starts. Although challenges remain, the field is rapidly evolving, and
each step forward brings us closer to transforming lung cancer care, offering renewed hope
to patients and their families worldwide.
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