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Advancements in techniques and
technologies in oncology

By Rajasri Chandra, MS, MBA

is a branch of medicine that specializes in the di-
agnosis and treatment of cancer.! Cancer is a health
challenge across the globe including in the United States.
More than 2 million new cancer cases and over 600,000
deaths are projected to occur in the United States in 2025

According to the National Cancer Institute, oncology
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1. List the epidemiological statistics on current cancer rates
and deaths in the United States.

2. Define how cancer is diagnosed.

3. Discuss laboratory testing, artificial intelligence,
endoscopic exams, molecular testing, and biopsies as they
relate to cancer diagnosis and treatment.

4. List new innovations in the evolution of cancer treatment.
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due to cancer.?Thanks to advancements in the techniques
and technologies in oncology, cancer mortality rates have
continued to decline through 2022 averting nearly 4.5
million deaths since 1991.2

Mechanism of cancer

The mechanism of cancer involves dysregulation of the cell
cycle and the disruption of key checkpoint controls by ma-
nipulating and overcoming the normal regulatory processes
that prevent uncontrolled proliferation.? Cancer cells utilize
different metabolic strategies to sustain rapid growth; ac-
cumulate multiple genetic changes; leave the tissue of origin
and spread to other sites; evading the immune system, which
typically eliminates abnormal or damaged cells; and increase
the supply of nutrients and oxygen to tumors.*

Diagnosis of cancer
Cancer can cause various symptoms, many of which are
similar to that of benign tumors or other causes.® Hence,
an accurate diagnosis of cancer involves knowledge of
the patient’s history, physical examination, and diagnostic
testing. Cancer diagnosis is usually confirmed by tests using
various methods.

The various testing methods used for cancer diagnosis are
as follows: ¢
e Laboratory tests
* Molecular testing
¢ Diagnostic imaging
¢ Endoscopic exams
e Tumor biopsies

1D 13004272 © Ragsac19 | Dreamstime.com



Diagnostic tests for cancer are used to confirm or eliminate
the presence of cancer; monitor the disease progression; and
evaluate the effectiveness of treatment. In some cases, it is
necessary to repeat testing when a person’s condition has
changed, if a sample collected was not of good quality, or an
abnormal test result needs to be confirmed.

Laboratory tests for cancer
Some of the common laboratory tests are as follows:

Complete blood count (CBC): Measures levels of red blood
cells, white blood cells, and platelets. Abnormally high or
low counts can indicate certain cancers, such as leukemia
or lymphoma.

Tumor markers: Measure substances—often proteins—
made by cancer cells or by the body in response to cancer.
They are usually used with other tests to help detect, monitor,
or track treatment response. (See Table 1 for tumor markers
and their sites.)

Molecular testing: Molecular testing is a laboratory method
that uses a sample of tissue, blood, or other body fluid to
check for certain genes, proteins, or other biomolecules to
examine genetic and molecular characteristics. The tests are
performed to provide information for diagnosis, prognosis,
and treatment planning. Molecular testing for cancer can be
broadly classified into three types — DNA analysis, mRNA
expression analysis, and protein expression analysis.?

DNA analysis

DNA analysis looks at the genetic material of cells to find

changes (mutations, amplifications, and alterations) that

may cause cancer to develop, grow, or spread. Depending
on the type of analysis required, the following techniques
may be used:

e Polymerase chain reaction (PCR)

* Real-time PCR

¢ Microarray

* Sequencing - Sanger sequencing and next-generation
sequencing (NGS)

Examples of point mutations are the following:

* BRAF V600E point mutation in the BRAF gene - in
melanoma - the amino acid valine (V) at position 600 is
replaced by glutamic acid (E).

e EGFR L858R point mutation in the EGFR gene, spe-
cifically in exon 21 - in non-small-cell lung cancer
(NSCLC) - the amino acid leucine (L) is replaced with
arginine (R) at codon 858.1°
Examples of insertions/deletions are as follows:

e Insertion in Exon 20 of HER2 gene in NSCLC?

® Deletion in Exon 19 of EGFR gene in NSCLC?

Examples of gene amplification/fusion are as follows:

e Amplification in HER2 gene (ERBB2) in breast cancer"

e Amplification in N-MYC in neuroblastoma

¢ BCR-ABL fusion in chronic myeloid leukemia (CML)"

e ETV6-RUNX1 fusion in acute lymphocytic leukemia™

e EWSR1-FLI1 fusion in Ewing sarcoma, a bone and soft
tissue cancer®

e TMPRSS2-ERG fusion in prostate cancer'

e ALK and ROS1 fusion in NSCLC"

mRNA expression analysis

This test measures the activity (expression) levels of genes
in cancer cells by looking at the messenger RNA (mRNA)
they produce. Some of the techniques that may be used are
the following;:
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Tumor Marker Site

Alpha-fetoprotein (AFP) Liver, testes

Beta-human chorionic gonadotropin | Testes
(B-hCG)

Breast cancer gene 1 & 2 (BRCA1/2) | Breast
Cancer antigen (CA) 15-3 Breast

Cancer antigen (CA) 19-9 Stomach, colorectal,

gastrointestinal, pancreas

Cancer antigen (CA) 125
Cancer antigen (CA) 50

Ovary

Bladder, colon

Carcinoembryonic antigen (CEA) Stomach, liver, breast, ovary,

gastrointestinal, lung

Cyfra 21-1 Esophagus, lung, bladder
Human epididymis protein 4 (HE4) Ovary
Nuclear matrix protein 22 (NMP22) Bladder

Neuron-specific enolase (NSE) Lung, brain, thyroid

Prostate-specific antigen (PSA) Prostate

Serum S100 Melanoma

Squamous cell carcinoma antigen Oesophagus, bronchus,
(SCC) lung, cervix

Table 1. Tumor markers and their sites.’

Protein Biomarker Cancer Type

Prostate-specific antigen (PSA) Prostate cancer

Carcinoembryonic antigen (CEA) Colorectal cancer, others
HER2/neu

Alpha-fetoprotein (AFP)

Breast cancer

Liver cancer, germ cell

tumors
CA-125 Ovarian cancer
EGFR Non-small-cell lung cancer

BCR-ABL fusion protein Chronic myelogenous

leukemia (CML)

Breast, prostate, lymphoma

Cyclin D1

Table 2. Protein biomarkers and their related cancers.?

* Reverse transcriptase qPCR
Digital PCR
¢ DNA microarrays
¢ RNA sequencing
Example tests are as follows:
1. Oncotype Dx measures mRNA expression of 21 genes
for breast cancer
2. MammaPrint Dx measures mRNA expression of 70 genes
for breast cancer®
3. Decipher Prostate measures mRNA expression of 22
genes for prostate cancer®”
4. ColoPrint measures mRNA expression of 18 genes for
colon cancer”

Protein-based analysis

Cancer cells undergo several molecular and genetic changes
that result in the overproduction, alteration, or loss of normal
proteins. These changes result in new proteins or modi-
fied versions of existing proteins that are released into the
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bloodstream or other bodily fluids — these act as diagnostic
or prognostic biomarkers. Some key mechanisms include:
e Overexpression of growth factors: Cancer cells often
overproduce growth factors, leading to uncontrolled
cell proliferation.
¢ Loss of tumor suppressor proteins: Tumor suppres-
sor proteins, such as p53, are often mutated or down
regulated in cancer cells, contributing to uncontrolled
cell growth.
e Altered post-translational modifications: Changes
in protein modifications such as phosphorylation,
glycosylation, or cleavage can produce altered protein
isoforms detectable in blood samples.
Table 2 provides examples of protein biomarkers and
related cancers.

Techniques for protein-based analysis
Proteins may be detected using the following techniques:
e ELISA
¢ Flow cytometry
¢ Immunohistochemistry (IHC)
Protein expression may be detected using the follow-
ing techniques:
* Mass spectrometry
e Two-dimensional gel electrophoresis
® Protein microarrays

Diagnostic imaging®
Diagnostic imaging is used to detect tumors and other ab-
normalities, determine the extent of disease, evaluate the
effectiveness of treatment, and perform biopsies and other
surgical procedures.

Imaging can be of three types:
¢ Transmission imaging

¢ X-ray

e Computed tomography scan (also called a CT scan or

computed axial tomography or CAT scan)

® Bone scan

e Lymphangiogram (LAG)

¢ Mammogram
* Reflection imaging

e Ultrasound
¢ Emission imaging

* Magnetic resonance imaging (MRI)

Artificial intelligence (Al) in diagnostic imaging

Artificial Intelligence (AI) is revolutionizing diagnostic

imaging.” The benefits of Al technologies that use machine

learning and deep learning are as follows:?*2

e Enhance the precision, efficiency, and personalization
of diagnostic and therapeutic processes.*

¢ Enable image classification and analysis for superior
interpretation of medical images using data-driven,
automated, and assistive systems to support clinical
decision-making at unprecedented levels.

¢ Enable automated detection algorithms that can
identify patterns and abnormalities challenging for the
human eye to detect.

e Use quantitative imaging biomarkers to provide deeper
clinical insights to help assess disease progression, pre-
dict treatment response, and personalize patient care.
As Al technology evolves, quantitative imaging will become

an integral tool for precision diagnostics and evidence-based

decision-making.
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Analyte Application

Circulating tumor cells (CTC) | Provides information about the
tumor’s genetic profile
Assesses metastatic potential
Evaluates drug resistance

Cell-free DNA (cfDNA) Provides information about the
tumor’s genetic profile
Assesses metastatic potential

Evaluates drug resistance

Extracellular vesicles (EV) Offers insights into the tumor’s
molecular characteristics

Reveals intercellular communication

Detects and monitors cancer
Identifies mutations and copy

Circulating tumor DNA
(ctDNA) — subset of cell-free

DNA (cfDNA) number variations
Aids in treatment selection
mRNA Identifies disease-associated mMRNA

expression patterns
May serve as potential biomarkers
for cancer and other diseases

Table 3. Analytes for liquid biopsies and their applications.

Endoscopic exam®

The different types of endoscopic exams are used to examine

structural abnormalities or an obstruction in different parts

of the body:

¢ Cystoscopy to examine the bladder and urinary tract

* Colonoscopy to examine the colon and rectum

¢ Endoscopic retrograde cholangiopancreatography
(ERCP) to examine liver, gallbladder, bile ducts, and
pancreas

¢ Esophagogastroduodenoscopy (also called EGD or
upper endoscopy) to examine esophagus, stomach, and
duodenum

¢ Sigmoidoscopy to examine the lower one-third of the
large intestine

Tumor biopsies®

Tumor biopsies help to determine whether a tumor is ma-

lignant (cancerous) or benign. Some of the common types

of biopsies are as follows:

¢ Endoscopic biopsy

* Bone marrow biopsy

¢ Excisional/wide local incision biopsy (when the entire
tumor is removed) or incisional biopsy (only a portion
of the tumor is removed)

¢ Fine needle aspiration biopsy

e Punch biopsy (involves taking a deeper sample of
the skin)

¢ Shave biopsy (involves removing the top layers of skin
by shaving it off)

e Skin biopsy

Limitations of tumor biopsies”#

¢ Tissue biopsies are an invasive method and difficult to
collect for some anatomical sites.

* They provide very limited information on the intratu-
moral and intermetastatic genetic heterogeneity and
the genetic and epigenetic changes that occur with
disease progression. Thus, the therapeutic decisions
must be based on historical tissue biopsy results, which
may be suboptimal.



¢ They cannot identify any lesions in different locations.
® Surgical biopsies:

e Cannot be repeated or done frequently.

¢ Dependent on patient’s age and health condition.

¢ Involve high cost.

e Can cause harmful clinical complications.? Depend-
ing on the tissue biopsy procedure, patients may ex-
perience excessive bleeding (hemorrhage), infection,
puncture damage to nearby tissue or organs, and
skin numbness around the biopsy site.?”

e However, tumor biopsies have limitations that can be
circumvented by liquid biopsies.

¢ However, tumor biopsies have limitations that can be
circumvented by liquid biopsies.

Tumor biopsy limitations can be circumvented by liquid
biopsies. Liquid biopsies are based on the molecular profil-
ing of biofluids and thus are able to overcome some of the
above-mentioned limitations posed by tissue biopsy.”

Liquid biopsies

Advantages of liquid biopsy tests are as follows:

* Liquid biopsy is minimally invasive and hence does not
pose the challenges to the patient that invasive surgical
tissue biopsies may cause.

* Specimens for liquid biopsy are body fluids and can be
collected frequently.

e Analysis of liquid biopsy tests can provide various
information in real-time including mutations in DNA,
copy number alterations (CNAs) of crucial genes, tran-
scriptome/proteome profiling, epigenetic alterations,
metabolite profiling, etc. This analysis provides crucial
longitudinal information and data for more accurate
diagnosis by the pathologists regarding both primary
and metastasized tumors.* Additionally, this informa-
tion helps the pathologist understand the state of the
tumor, see genetic and epigenetic changes occurring in
the tumor with progression, and see possible meta-
static alterations, allowing proper therapeutic manage-
ment of the cancer patient.®
The most common methods that have been used for liquid

biopsy are traditional qPCR mutational testing, droplet digital

PCR (ddPCR), and next-generation sequencing (NGS).*

Newer technologies such as nanotechnology are being de-

veloped for liquid biopsy applications and have shown good

promise.®*3* Table 3 provides examples of a few analytes for
liquid biopsies and their applications.’

The list of FDA-approved liquid biopsy tests are as follows:*

¢ Cell Search Circulating Tumor Cell (CTC) Test detects
CTCs. It’s used to predict the likely outcome for people
with metastatic breast, prostate, or colon cancer.

¢ Cobas EGFR Mutation Test v2 detects ctDNA. It detects
a mutation on the EGFR gene in non-small cell lung
cancer (NSCLC).

e Guardant360 CDx detects ctDNA.

¢ FoundationOne Liquid CDx detects ctDNA.
Guardant360 CDx and FoundationOne Liquid are approved

both for companion diagnostics and general tumor profiling.

Treatment of cancer

Cancer is treated in several ways and is dependent on the
patient’s medical condition, age, health, lifestyle, and the type
and stage of cancer. Possible treatment options are chemo-
therapy, radiation therapy, surgery, and biological therapies.®
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Owing to a better understanding
of cancer as an evolving, heteroge-
neous disease, cancer treatment has
progressed from radical surgeries and
conventional chemotherapy to highly
personalized approaches like precision
oncology,* targeted therapies, and

Scan code to go immunotherapies, including CAR-T
directly to the CE test. cells.’” This has led to more effective,

less toxic treatments focused on the

patient’s specific biomarkers and the tumor’s genomic
characteristics.

Conclusion

There have been continuous advancements in the techniques
and technologies in oncology, marked by advancements in
early detection, targeted therapies, and immunotherapies. Im-
munotherapies that harness the body’s own immune system
to fight cancer (such as checkpoint inhibitors); CAR T-cell
therapy;” personalized mRNA vaccine;* new drug delivery
modalities like antibody drug conjugates (ADC);* robotic
assisted surgery;** and combination therapies* where different
types of immunotherapies, targeted therapies, and traditional
treatments may be used to enhance anti-tumor responses and
overcome resistance are all transforming oncology.

This evolution is leading to highly personalized, precise

therapies tailored to a patient’s tumor profile. Advancements
in immunology, genomics, and technology like nanotechnol-
ogy* and artificial intelligence® are driving this new era of
precision oncology, improving both patient outcomes and
quality of life. There is hope that in the near future, cancer will
no longer be considered a challenging disease by healthcare
professionals and patients. &
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