Precision medicine

Precision medicine is an approach to cancer care that looks at the specific features of a person’s tumor,
along with their genes, environment, and lifestyle, to help guide prevention, diagnosis, and treatment.
Instead of using the same treatment for everyone, doctors design a plan that fits each person’s unique
cancer. In short, precision medicine in head and neck cancer is about giving the right treatment to the
right patient at the right time, leading to better results and fewer side effects. Doctors use several tools
to make care more personal:

e Genetic and molecular profiling: Scientists study the DNA and protein changes in a tumor to understand
what’s driving its growth. This information can show whether you may benefit from targeted drugs or
immune based treatments.

o Targeted therapies: These medicines are made to block specific changes in cancer cells, helping stop or
slow tumor growth.

¢ Immunotherapy selection: Helps identify which patients are more likely to respond to certain immune-
based treatments, like immune checkpoint inhibitors (ICIs)

e Reducing side effects: By matching treatment to tumor biology, doctors may be able to spare patients
from side effects of therapies that wouldn’t work for them.

Head and neck cancer is complex. It includes many different diseases that can start in different areas of
the mouth, throat, and voice box, and can be caused by different changes in cells. Because each tumor
is different, genomic testing and biomarkers play a key role in finding the most effective treatment for
each person.

What is genomic testing?

Genomic testing, also called genomic sequencing, looks at the DNA inside cancer cells to find changes,
or mutations, that may be causing a cancer to grow. DNA s like an instruction manual for all the cells in
your body. This manual tells your cells how to grow, work, and divide. When mistakes or damage happen
in these instructions, cells can grow out of control and form cancer or might become resistant to
treatments.

Doctors can study the DNA inside your tumor to see exactly which instructions are “broken.” These
details help doctors understand what is causing the cancer and choose treatments that are more likely
to work foryou.

Right now, full or “comprehensive” genomic sequencingis not standard of care for head and neck
cancer. There are no FDA-approved treatments that target specific mutations yet. However, thisis a
promising area of research in situations where the tumor has recurred after initial treatment or spread to
other parts of the body. Genomic testing is also used to see if you are eligible for certain clinical trials of
targeted drug therapies.

*FYIl: Genomic cancer testing and genetic testing are not the same.

Some tumors can look very similar under the microscope, even though their genes are very different. To
get the most accurate diagnosis, pathologists sometimes use genetic tests that look for specific gene



changes, such as the MYB-NFIB fusion in adenoid cystic carcinoma, to help nhame the exact type of
tumor. Genomic testing is different: it looks at many genes in the tumor at once to find changes that may
be causing it to grow or to help identify treatment options or clinical trials. Genetic testing focuses on the
genes you were born with, while genomic testing focuses on the genes inside the tumor itself.

What is a biomarker?

Biomarkers are a broad term for biological features of your cells. Biomarker testing helps doctors
understand the unique features of your cancer. Think of them as signals or clues found in molecules,
genes, or proteins in saliva, blood, or tissue samples. If your DNA is the instruction manual for cells, then
proteins are the workers following the instructions. Knowing these biomarkers gives important
information about the disease, its severity, and can help create a targeted treatment plan based on
changes in your cancer’s DNA.

Biomarker testing helps doctors:

¢ Understand what is making the cancer grow and the impact on survival
e Predict how the cancer might spread or behave

e Choose treatments most likely to work

e Identify if less intense treatment is possible

e Seeif you qualify for a clinical trial specific to your cancer

Right now, most targeted treatments for head and neck cancer are based on proteins found through
biomarker testing, such as EGFR antibodies or PD-L1 inhibitors.

There are two main types of biomarkers:

Predictive Biomarkers
(Treatment Planning)

Prognostic Biomarkers
(Outlook)

These help doctors understand what
might happen with your cancer over

These are used to figure out which
treatments are likely to help. For
example, if someone has head and neck
cancer, a predictive biomarker might
show that chemotherapy will help one
person but not another. This helps
doctors give the right treatment to the
right patient.

time, regardless of the treatment chosen.
They give a sense of whether things
might go well or not so well. They don’t
help choose a treatment, they just give
more information about future survival.

For example: PD-L1 actsasa

predictive biomarker. Researchers found that Some biomarkers Some biomarkers
patients with high levels of PD-L1 who open up new show that a
received the immunotherapy drug treatment treatment won’t
pembrolizumab had better survival outcomes options. These work. These are
compared to those who didn’t get the drug. are called called

Blocking the PD-L1 pathway can help inclusionary exclusionary
the immune system attack cancer cells.



https://www.headandneck.org/hnc-resources/clinical-trials/clinical-trial-finder/

Some cancer treatments, including targeted therapies and immunotherapies, may only work for people
whose cancers have certain biomarkers.

Did you know?

Some biomarkers, like HPV (ctHPV-DNA) can show how likely it is to come back.

Types of biomarker testing

Test Type What’s Collected How ItFeels What It Tells Us
Blood Test A small blood Like a quick Finds changes in DNA or
sample pinch orregular | proteins or can detectifa
blood draw tumoris related to viruses

like HPV (Human
papillomavirus) or EBV
(Epstein Barr virus)

Tissue Biopsy | Atiny piece of Done under Shows detailed cell
tumor anesthesia, can | changes, including DNA
have mild pain changes and immune
afterward. features of the tumor and
surrounding tissue.
Saliva Swab | Aswab inside the Painless- may Detects viruses like HPV
mouth make you gag

Human papillomavirus (HPV/p16):

Head and neck squamous cell carcinoma (generally, oropharyngeal cancers, and a small amount of
nasopharynx, larynx, oral cavity, paranasal sinus cancers)

HPV is a common virus that can cause certain head and neck cancers (like those in the throat, tonsils, or
base of the tongue). The HPV's DNA is found inside these cancer cells, but not in your healthy cells.

As cancer cells die, they release tiny fragments of this HPV DNA into the bloodstream. These fragments
are a biomarker called circulating tumor DNA (ctDNA). A simple blood test can find and measure ctDNA
to see if HPV-related cancer is present. Testing over time can also show how well your treatment is
working.

o Prognostic: HPV-positive cancers usually respond better to treatment and have higher survival
rates compared to HPV negative cancers.

o Predictive: HPV status is used in research trials to explore whether treatment can sometimes be
safely reduced (called “de-escalation” or “de-intensification”) for certain patients.

o What you may hear: “Your tumor is p16-positive, which means it’s HPV-related.” P16 is a protein
thatis also found in normal cells butis increased when a tumoris related to HPV. Itis quicker and
easier to test for than HPV and is often used as a first test to give your provider information as to
whether the tumoris caused by HPV.

o Treatment: Standard treatment often includes radiation and chemotherapy, but HPV-positive
patients may qualify for clinical trials testing lighter treatment approaches.

o Find out more about HPV positive head and neck cancers here.



https://www.headandneck.org/hnc-resources/clinical-trials/clinical-trial-finder/
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Epidermal Growth Factor Receptor (EGFR):

EGFR can refer to both a gene and a protein. The EGFR gene provides instructions for making the EGFR
protein that promotes cancer growth, invasion, and spread (metastasis). Most head and neck cancers
show a high level of EGFR (“overexpression”). EGFR-targeted therapies aim to block this protein to stop
the cancer from growing. EGFR can contribute to treatment resistance, which may limit the long-term
effectiveness of EGFR targeted therapies.

o Prognostic: High EGFR expression might mean that the cancer is harder to treat, especially if they
are not caused by HPV.

o What you may hear: “Because your cancer has high EGFR, we may add a targeted therapy.”

o Treatment: An EGFR-targeted drug (like cetuximab) may be added to radiation treatment or a
combination therapy or for recurrent/metastatic disease after platinum-based therapy. EGFR
levels may be monitored closely. New therapies like antibody-drug conjugates and bispecific
antibodies show promise in early trials. The use of combined therapies to target multiple
pathways may provide better results than EGFR-targeted monotherapy.

o Other: Even though EGFR is useful, it’s not yet a standard test for making all treatment decisions
because results can vary between labs and EGFR targeted therapies have only demonstrated
modest benefit. Your doctor will consider EGFR along with other test results to create the best
treatment plan for you.

Kang, J. J., Ko, A., Kil, S. H., Mallen-St Clair, J., Shin, D. S., Wang, M. B., & Srivatsan, E. S. (2023). EGFR pathway targeting drugs
in head and neck cancer in the era of immunotherapy. Biochimica et biophysica acta. Reviews on cancer, 1878(1), 188827.
https://doi.org/10.1016/j.bbcan.2022.188827

Jain A, Bhise K. ENT cancer: Advances in diagnostic research. In: Shegokar R, Pathak Y, eds. Diagnostic Landscape in Cancer
Research. Elsevier; 2025:99-128. doi: 10.1016/B978-0-443-33849-6.00001-5.

Epstein-Barr virus (EBV):

The Epstein-Barr virus is a common virus spread by saliva that causes mononucleosis (“the kissing
disease”). Usually, the virus can remain “inactive” in your body for years after infection. In some people,
the virus can reactivate and increase the risk for nasopharyngeal carcinoma (NPC), lymphomas, and
some stomach cancers. The virus makes special proteins inside cancer cells that promote growth and
fast division and help the cells hide from your body’s immune system. Doctors can check for EBV in
blood, plasma and tumor samples.

o Prognostic: High EBV DNA levels may mean the cancer is more likely to return or spread. This
helps doctors decide how strong the treatment needs to be, although it is primarily decided by the
tumor’s stage.

o Predictive: EBV DNA is tracked during and after treatment to see how well therapy is working and
if extra treatment might be needed.

o What you may hear: “We’ll monitor your EBV DNA levels to guide treatment.”

o Treatment: Standard treatment usually combines chemotherapy and radiation. For advanced or
recurrent disease, immunotherapy (like toripalimab, pembrolizumab, or nivolumab) may be
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added, and EBV DNA levels help guide ongoing care. Additionally, therapeutic vaccines that work
by activating the immune system are in development.

Liang, T., Liu, W., Xie, J. et al. Serum EA-IgA and D-dimer, but not VCA-IgA, are associated with prognosis in patients with
nasopharyngeal carcinoma: a meta-analysis. Cancer Cell Int 21, 329 (2021). doi: 10.1186/s12935-021-02035-2

Yu X, Chen H, Ji M. Epstein-Barr virus-based nasopharyngeal carcinoma population screening. Ann Nasopharynx Cancer
2022;6:3. doi: 10.21037/anpc-21-6

Program Death Ligand (PD-L1):

PD-L1 is a protein that helps cancer cells hide from the immune system- allowing them to grow
unchecked. Ourimmune system is designed to find and attack abnormal cells, including cancer. PD-L1
proteins in the tumor fool the immune system into thinking a cancer cellis a normal healthy cell. Doctors
measure PD-L1 with a CPS score (Combined Positive Score). The score is calculated by comparing
tumor cells to immune cells.

e Predictive: High PD-L1 levels means the cancer may be hiding from the immune system. While
this can make the cancer act more aggressive, it also means patients may respond better to
certain immunotherapy drugs (called immune checkpoint inhibitors).

e Treatment: If your cancer has high PD-L1, treatment may include chemotherapy or radiation plus
an immune checkpoint inhibitor (such as pembrolizumab or nivolumab). This approach is mostly
used for cancers that have returned or spread.

e What you might hear: “Your PD-L1 score is high, which may make you a good candidate for
immunotherapy.”

e Other: PD-L1 testingis just one piece of your treatment plan. Not everyone with high levels of PD-
L1 benefit- only about 20% of patients respond, so doctors also consider other factors like HPV
status, tumor size, and your overall health

CPS Scoring:
CPS <1: Very little or no PD-L1. Immunotherapy is less likely to help

CPS = 1: Some PD-L1 present. Immunotherapy may help.
CPS = 20: High PD-L1 expression. Immunotherapy is more likely to be effective.

Kythreotou A, Siddique A, Mauri FA, et al PD-L1Journal of Clinical Pathology 2018;71:189-194. doi: 10.1136/jclinpath-2017-
204853

Naei, V.Y., Tubelleza, R., Monkman, J. et al. Spatialinteraction mapping of PD-1/PD-L1 in head and neck cancer reveals the
role of macrophage-tumour barriers associated with immunotherapy response. J Transl Med 23, 177 (2025). doi:
10.1186/s12967-025-06186-y

Wise-Draper T, Takiar V, Mierzwa M, et al. Association of pathological response to heoadjuvant pembrolizumab with tumor
PD-L1 expression and high disease-free survival (DFS) in patients with resectable, local-regionally advanced, head and neck
squamous cell carcinoma (HNSCC). Journal of Clinical Oncology. 2021;39(15):6006.
doi:10.1200/JC0.2021.39.15_suppl.6006
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TILs (Tumor-Infiltrating Lymphocytes)

TILs are a type of white blood cell, or lymphocyte, that has left the bloodstream and moved directly into a
tumor. Lymphocytes are responsible for finding and destroying any abnormal cells in your body, like
viruses and cancer cells. These immune cells recognize the tumor as a threat and have entered the
tumorto try and fight it.

The number of TILs in a tumor shows how strong the body's naturalimmune response against the cancer
is.

o Prognostic: In general, having many TILs (a "hot" tumor) is linked to improved survival. These
tumors are often more likely to respond to immunotherapy as a high TIL count suggests your
immune system is already primed to attack. This is especially true for HPV-positive head and neck
cancers, which tend to attract many TlLs. However, some HPV-negative tumors, particularly
those with a high number of mutations, can also have high TIL levels and respond well to
immunotherapy.

o Treatment: Immune checkpointinhibitors (ICls) Like pembrolizumab work by stopping PD-L1
from binding to the surface of T-cells allowing the TILS to attack and destroy cancer cells.

o What you might hear: A tumor with many TlLs is often called "hot" or "inflamed," while one with
few TlLs is called "cold."

o Other: Presence of TlLs is a positive sign but is not standard of care and is just one part of a bigger
picture doctors use to decide treatment.

Kim J, Kim HS, Nam M, Chae YK. Tissue-agnostic biomarkers in solid tumors: current approvals and emerging
candidates. Cancer Metastasis Rev. 2025;44(3):58. Published 2025 Jun 27. doi:10.1007/s10555-025-10274-2

TMB/ MSI- H (Tumor Mutational Burden/ Microsatellite Instability-High)

TMB and MSI are tests that look at how many mutations are in a tumor’s DNA or how well cells repair
their DNA. Tumors with a high number of mutations tend to make new “flags” (called neoantigens) that
alert the immune system to attack. This makes them more likely to respond to immunotherapy.
e TMBisthe total number of changes (mutations) in a tumor's genetic code
e MSI refers to changes in repeated DNA sequences within the tumor, which is a sign that the
tumor’s DNA repair system is broken (This is uncommon in head and neck cancer patients).
Doctors usually check for MSI by looking for missing DNA-repair proteins using a test called IHC,
which is a way of staining the tumor tissue to see which proteins are present or absent.

o Predictive: Cancers with high TMB or MSI-H are thought to be more likely to respond to
immunotherapy, including immune checkpoint inhibitors (ICls).

o Treatment: Immune checkpoint inhibitors (like pembrolizumab or nivolumab) are approved for
MSI-H tumors and often work well for high TMB tumors too. While TMB is often a good predictor of
treatment success, this is less true for cancers caused by the HPV or EBV viruses.

o What you might hear: “We’re checking to see if your cancer is more likely to respond to
immunotherapy.”

o Other: TMB in head and neck cancer is still being studied. Clinically, 10 mutations is the accepted
threshold for treatment decisions and FDA-approved pembrolizumab use in head and neck
cancer treatment. Not everyone with a high TMB will respond to treatment. Testing can also be
costly and take extra time.
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Looking Ahead

Researchers are studying many other biomarkers (like TP53, NOTCH1, PIK3CA, HRAS, and circulating
tumor DNA). These are exciting in the lab and in clinical trials, but they are not yet used to guide everyday
treatment. Doctors may mention them in research or testing contexts, but for now they are not standard
tools for treatment decisions.

ctDNA (Circulating Tumor DNA)

ctDNA is tiny pieces of DNA that cancer cells release into the bloodstream. By checking for ctDNA,
doctors can gain clues about what the tumor is doing, even when it’s too small to see on scans. Although
ctDNA is not yet routinely used to decide treatment in head and neck cancer, it’s being studied to:

o Detect cancer earlier or detect residual disease after treatment

o Decide if treatment needs to be intensified or de-escalated

o Monitor how well therapy is working

e Predictive / Prognostic: When ctDNA is detected (positive) in head and neck cancers, patients
often have a worse outlook (higher chance of recurrence or spread).

e What you might hear: “We’re going to do a liquid biopsy, which may help us monitor how your
cancer is behaving.”

o Treatment: ctDNA testing in head & neck cancer is still emerging and mostly used with HPV
positive cancers. Not all hospitals will offer it.

YangR, Li T, Zhang S, Shui C, Ma H, Li C. The effect of circulating tumor DNA on the prognosis of patients with head and neck
squamous cell carcinoma: a systematic review and meta-analysis. BMC Cancer. 2024; 24:1434.
https://doi.org/10.1186/s12885-024-13116-6

LGR5 (Leucine-rich repeat-containing G-protein coupled receptor 5)

LGR5 is a protein found on the surface of certain cancer stem cells. These cells can keep dividing, resist
treatment, and sometimes cause the cancer to grow back. Researchers are studying LGR5 in head and
neck cancers, as well as in colon, breast, and liver cancers.

e Prognostic: High levels of LGR5 in tumors may be linked to more aggressive cancer, faster
spread, and resistance to standard treatments.

e Predictive: Not yet used in routine care. Studies suggest that blocking LGR5 could make tumors
more sensitive to chemotherapy or radiation, but this is still experimental.

e What you may hear: Most patients will not hear about LGR5 during routine care. It is mainly
mentioned in research or clinical trials.
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¢ Treatment: LGR5 is a promising area of study and is being explored as a drug target in clinical
research. One example is an investigational antibody therapy (such as petosemtamab) designed
to target LGR5-positive cancer cells. This treatment is still experimental and not part of standard
biomarker testing or routine care in head and neck cancer today.

Herpen C, Daste A, Arrazubi V, et al. Petosemtamab (MCLA-158) with pembrolizumab as first-line (1L) treatment of PD-L1+
recurrent/metastatic (r/m) head and neck squamous cell carcinoma (HNSCC): Phase 2 trial. J of Clin Oncol. 2025;43(Suppl
16):6024. d0i:10.1200/JC0.2025.43.16_suppl.6024.

Rot S, Kaune T, Taubert H, et al. Prognostic impact of mRNA levels of LGR5 transcript variants in OSCC patients. BMC Cancer.
2019;19(1):155. doi:10.1186/s12885-019-5327-8

Transforming Growth Factor- Beta (TGF-B)

TGFB is a natural protein in the body that helps control how cells grow and behave. TGF-B is a protein
that normally helps control how cells grow and heal. In healthy tissue, it can act like a “brake” on cell
growth. Butin cancer, when its signaling goes wrong, it actually helps the tumors resist treatment. It
does this by: Helping the cancer cells grow faster and avoid dying, making new blood vessels grow to
feed the tumor (angiogenesis) and causing inflammation, which can help the cancer spread.

e Prognostic (outlook): High TGF- activity in head and neck cancers is often linked to worse
outcomes, including more aggressive disease and higher chances of recurrence.

e Predictive (treatment planning): Not used in standard care. Researchers are studying whether
blocking TGF-B receptors in cancer cells could improve response to radiation, chemotherapy, or
immunotherapy.

e What you may hear: You likely won’t hear TGF-B mentioned in a regular clinic visit. It’s more
common in research studies and clinical trials.

o Treatment: There are no FDA-approved drugs targeting TGF- in head and neck cancer yet.
Several experimental drugs and combination therapies are being tested, including experimental
agents designed to block TGF- activity (such as ficerfusp). These treatments are still in clinical
trials and are not part of standard biomarker testing or routine care today.

Britton WR, Cioffi I, Stonebraker C, Spence M, Okolo O, Martin C, Henick B, Nakagawa H, Parikh AS. Advancements in TGF-3
Targeting Therapies for Head and Neck Squamous Cell Carcinoma. Cancers. 2024; 16(17):3047.
https://doi.org/10.3390/cancers16173047

White RA, Malkoski SP, Wang XJ. TGF@ signaling in head and neck squamous cell carcinoma. Oncogene. 2010;29(40):5437-
5446. d0i:10.1038/0nc.2010.306

Specific Gene Mutations and Amplifications (e.g., EGFR, NOTCH1, HRAS,
PIK3Ca, CCND1, FGFR1, TP53)

Changes in certain genes can drive cancer growth. Some can be targeted with special drugs.

e Predictive: Some mutations (like HRAS) can be matched with targeted therapies.
e Treatment: If your tumor has these changes, you may be offered a targeted drug (e.g., tipifarnib
for HRAS).
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What you might hear: “We’re checking your tumor’s genes to see if a targeted therapy could
help.” You might be unlikely to hear about these genes at all, unless you are involved in a clinical
trial.

Other: Certain mutations can be rare and comprehensive genomic testing is not yet standard in
head and neck cancer care. Not all gene expression can be treated with targeted drugs, and these
treatments are primarily in the research phase. Their effectiveness and safety in human patients
are still being evaluated. Your doctor will consider all aspects of your cancer when recommending
a treatment plan.

Hoskins EL, Vella R, Reeser JW, et al. Prevalence and biological impact of clinically relevant gene fusions in head and neck
cancers. NPJ Precis Oncol. 2025;9(1):221. doi:10.1038/s41698-025-00889-7

Hwang S, Hong MH, Shin SH, et al. Identifying predictive markers of head and neck squamous cell carcinoma in an umbrella
trial (KCSG HN 15-16 TRIUMPH trial). ESMO Open. 2025;10(10):105772. doi:10.1016/j.esmo0p.2025.105772

Summary

Doctors use biomarkers to help choose the best treatment for each person. Some tests are routine,
while others are still being studied. Ask your care team which biomarkers are being checked and what
they mean for your treatment.

FAQs

Is biomarker testing painful?
Not usually! Most tests use blood or small tissue samples and can even be taken from biopsies
you’ve already had. There are some saliva-based tests that are being researched.

Is biomarker testing safe?

Yes. The testing itself is safe. It uses small samples and does not change your cancer or make it
worse. However, many treatments do not use biomarkers for treatment and can still be tailored to
give the best outcome in alignment with your goals.

Will my treatment change if | have certain biomarkers?

Sometimes yes. They may help doctors decide what’s safest and most effective for you. However,
many treatments do not use biomarkers for treatment and can still be tailored to give the best
outcome in alignment with your goals.

Do | need to ask my doctor about testing?
In many cases, yes. Especially if you have head and neck cancer linked to HPV.

How long do results take?
It can take anywhere from a few days to a few weeks, depending on the type of test and your
hospital’s lab. This can feel stressful, especially when you’re eager to start treatment.

If | don’t have any biomarkers, does that mean there’s no treatment for me?
Not at all. Biomarkers just help guide treatment. Even if none are found, there are still effective
options like surgery, radiation, chemotherapy, and more.
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Are there any downsides to biomarker testing?

While biomarker testing can be incredibly helpful, there can be some potential downsides and
limitations. Not every test finds a biomarker that changes your treatment plan. Even when a
biomarker is found, it doesn’t guarantee a specific therapy will work. Many biomarker tests are
covered by insurance, but not always. Some specialized genomic panels can be expensive if not
fully covered. Learning that your cancer has certain genetic changes can be overwhelming. It may
raise new questions or worries about your diagnosis and future. Talking openly with your care
team about the benefits, limits, costs, and timing can help you decide what’s right for you.

What if my results make me feel overwhelmed or worried?

It’s normal to feel anxious about test results. Ask your care team if you can meet with a genetic
counselor. Counselors can explain what your results mean, what they don’t mean, and help you
process your feelings.

Will my results affect my health insurance?

No. Inthe U.S., there’s a law called GINA (Genetic Information Nondiscrimination Act) that
protects you. It prevents health insurers and employers from discriminating against you based on
genetic information.

Note: GINA does not cover life, disability, or long-term care insurance.

Who can see my biomarker or genomic test results?
Your results become part of your medical record and are usually shared only with:

¢ Yourdoctorsand care team

e The labthat does the testing

e Yourinsurance company (if they’re paying for the test)
By law, your information is protected under HIPAA (Health Insurance Portability and
Accountability Act). If you have concerns, ask your doctor exactly who will have access.

What if | don’t want my information used for research?

That’s okay. Most labs will ask for your permission before using your data for research. You can
say no and still get tested. Your care will not be affected if you choose not to share your data. If
your testing is part of a clinical trial, sometimes the cost of testing may not be covered by
insurance. Always check with your doctor or insurance company so there are no surprises.
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