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Liquid Biopsy: A New Era in Lung Cancer
Management
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Abstract:

Cancer is associated with multiple genetic mutations and analysis of these is increasingly
used for management. Mainly histopathological examination of biopsy specimen is used
for decision but sometimes biopsy specimen cannot be available due to invasive nature
of surgical procedures and inaccessible tumor site. However tumors are highly
heterogeneous and evolve over time and can alter their molecular genotype making clinical
decisions based on historical biopsy data suboptimal. Tumor cells release circulating
free DNA (¢fDNA) in blood. This can help to detect genetic aberration. A liquid biopsy
can provide information’s from blood samples or body fluids and it is non-invasive. It
can help to screen, diagnose and treatment in a personalized way and also detect

mutations over time.
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Introduction:
Biopsies have been used by clinicians to diagnose
and manage disease for 1000 years?.

The science of non invasive disease monitoring has
advanced greatly since circulating cell free DNA
(cfDNA) was first reported in body fluids by mantle
and Metais?.

Since then, the evolution of sensitive cfDNA detection
technologies has enabled the development of liquid
especially in oncology, Liquid biopsy allows for
patient stratification, screening, monitoring
treatment response and detection of residual
disease or recurrence.

[Chest Heart Journal 2017; 41(1) : 3-7]

Malignant cells are heterogeneous in behavior.
Liquid biopsies have grown in importance become
the genetic profile of tumors can affect how they
will respond to a certain treatment. There is also
limitation of detection of single snap shot of the
tumor-. This single biopsy bias was highlighted in
a study by Gerlinger et al3.

It was found that there is marked intratumoral and
intertumoral evolution when biopsies where taken
from different parts of a primary tumors and its
metastases. But there are many difficulties in
obtaining a tissue biopsies as many as 3% of cases
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do not have accessible tissue*.The hazards are
discomfort of the patient, clinical risk to the patient,
potential surgical complications and economic
consideration. All the tumors may not be accessible
for biopsy. Even biopsy procedure may cause seeding
cancer to other sites®.

In 1948, circulating free DNA (cfDNA) detection
was the first step toward liquid biopsy?2. It was
also found that ¢cfDNA levels were higher in
patients than the healthy individuals. So it can
be used for screening the disease through a
simple blood test®. The heterogeneous landscape
of the tumor was also possible to be detected by
using a blood sample”.

Where a tissue sample was taken for biopsy it
only informed the genotype at that particular
point but it is known that tumors are very
dynamic and change their dominant mutation
pattern or may acquire new mutations. This is
particularly unfavorable when stratifying
patients to a specific targeted therapy.

Approximately 50% of NSCLC patients become
resistant to tyrosine kinase inhibitor therapy
though an epidermal growth factor receptor
(EGFR) T790M mutations®? whereas only <5%
of NSCLC patients have this mutations
detectable in the primary biopsy!?. So liquid
biopsy helps in early diagnosis of cancer by
cfDNA assessment!!12 and also tumor-
associated genetic alterations can be detected
that will help in the assessment of prognosis,
early detection of disease recurrence and
predicting response to particular treatment.

How to perform the liquid biopsy

Presently the most commonly used protocols to
obtain ¢fDNA requires approximately 1 ml of
serum or plasma (3 ml of blood) and preparation
should not exceed 4-5 hours following the blood
draw. For plasma preparation, blood must be
collected in a tube treated with an anticoagulant
preferably EDTA (ethylene diamine tetra acetic
acid). Cells are then removed by centrifugation
and the supernatant or plasma is removed?!3.
Serum is collected after the blood is allowed to
clot and following centrifugation is the
supernatant or serum is removed!4. Circulating
DNA is then extracted from the plasma or serum
using commercially available kits.

4

A portion cfDNA is derived directly from the
tumor (ctDNA) also from circulating tumors cells

(CTC) and this fraction can be quantified!5:16,

Furthermore, and in vivo study has shown a
direct correlation between tumor burden and
the quantity of ct DNA released.!” The fraction
of circulating DNA that is derived from the

tumors can range between 0.01% and 93%1819,

Techniques are available for reliable monitoring
of tumour-associated genetic aberrations
including somatic mutations, loss of
heterozygosity and chromosomal aberrations in

the blood20.
Use of liquid biopsy
Assessment of prognosis:

Assessing prognosis for an individual patient
involves a combination of clinical observations
staging, and histopathology of different tumor
types. In this context liquid biopsy may be useful
in circumstances where a tissue biopsy in not
available or genetic analysis of archived tumor
samples is not possible2l.

Studies have shown that there is a statistically
significant correlation between disease stage and
the presence of tumor associated genetic
aberrations in the blood of patients with different
cancers like breast, pancreatic, colorectal and

oral squamous cell carcinoma?2,

The presence of tumor-associated genetic
aberrations including tp53 mutations and loss of
heterogygosity, correlated with overall survival
or disease-free survival.

Liquid biopsy is much more useful in patient with
unrespectable advanced stage disease. In a multi
variant analysis, KRAS mutations present in the
plasma of 246 patients with advance stage
NSCLC was shown to predict poor prognosis in
patient receiving first line chemotherapy?2?.

Detection of recurrence:
A promising clinical implicating of liquid biopsy
is the early detection of relapse after potentially
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curative treatment. After treatment with
curative intention, patients are monitored for
signs of residual disease and local or distant
recurrence using radiological image during post

treatment follow-up24-26,

But the disadvantage of these techniques is cost,
requiring contrast media (exposing patient to
doses of radiation) and control be used for
frequent monitoring. It also has limited
sensitivity for the detection of
micrometastases27:28,

In a land mark paper Diehl et al. showed that
by monitoring tumor specific aberrations
(including APC, TP. 53, KRAS) is the plasma of
patients it was possible to identity disease
recurrence with almost 100% sensitivity and
specificity. Patients with residual diseases were
also identified based on the. Persistence of
tumor associated genetic aberration in ¢cfDNA
immediately after surgery.

Difficult-to-diagnose cancers:

Liquid biopsies can be used to assist in the clinical
management of difficult-to-diagnose patients
with advanced stage cancer, as in the case of
bone metastases. For example, in a study in
which targeted deep sequencing of cancer-
related genes (including TP53, PIK3CA and
KRAS) was carried out on ¢fDNA in a patient
who had previously undergone surgery to resect
synchronous cancers of the bowel and ovary, it
was shown that on relapse the metastases was
derived from the original ovarian cancer (owing
to the presence of a R273H TP53 mutation). A
biopsy in this case was not possible and had the
information derived from cfDNA been available
immediately unnecessary delay or uncertainty
over treatments might have been avoided.

Prediction of response to treatment:

The presence or absence of a single genetic
alteration in tumor DNA is currently employed
to guide clinical decision making for a number
of targeted agents, for example EGFR
mutations for gefitinib in NSCLC; ALK
rearrangements for crizotinib in NSCLC29.
Targeted agents are often used or tested in
patients with advanced-stage disease having
multiple metastases. Sometimes a new biopsy

cannot be obtained and ctDNA might provide
superior molecular information compared to
archival tissue DNA for determining the current
cancer molecular status. A liquid biopsy could
obviate the need for tumor tissue DNA in
metastatic patients.

Conclusion:

Cancer is a complex and dynamic disease that
can change quickly. To fully deliver on the
promise of personalized medicine, development
of reliable and robust non-invasive platforms for
the diagnosis, patient stratification and to
monitor treatment response are paramount.
Although liquid biopsies have a great potential,
many hurdles must be overcome before
proceeding to the clinic. The various liquid
biopsy platforms described in this review have
the potential to add tremendous value to the
care of cancer patients.

References:

1. Diamantis, A., Magiorkinis, E. & Koutselini,
H.Fine-needle aspiration (FNA) biopsy:
historical aspects. Folia Histochem.
Cytobiol. 2009;47:191-197.

2. Mandel, P. & Metais, P. Les acides
nucleiques du plasma sanguin chez 'homme.
C. R. Seances Soc. Biol. Fil. 1948;142:
241-243.

3. Gerlinger, M, Andrew J, Stuart H et al.
Intratumor heterogenesity and branched
evolution revealed by multi region
sequencing. N. Engl. J. Med. 2012;366:883-
892.

4. Kim ES, Hirsh V, Mok T, et al.Gefitinib
versus Docetaxel in previously treated non-
small- cell lung cancer (INTERST):a
randomized phase IIT trial. Lancet;
2008;372:1809-1818.

5. Robertson, E. G. & Baxter, G. Tumour
seeding following percutaneous needle
biopsy: the real story! Clin. Radiol. 2011;
66:1007-1014.

6. Koffler, D., Agnello, V., Winchester, R. &
Kunkel, H. G. The occurrence of single-
stranded DNA in the serum of patients with
systemic lupus erythematosus and other
diseases. J. Clin. Invest.1973;52:198-204.



Chest Heart Journal

Vol. 41, No. 1, January 2017

7.

10.

11.

12.

13.

14 .

15.

16.

Chan, K. C. Jiang P, Zheng YW et al. Cancer
genome scanning in plasma: detection of
tumor-associated copy number aberrations,
single-nucleotide variants, and tumoral

heterogeneity by massively parallel
sequencing. Clin. Chem. 2013;59:211-224.

Gazder AF. Activating and resistance
mutations of EGFR in non-small-cell lung
cancer: role in clinical response to EGFR
tyrosine kinase inhibitors. Oncogene
2009;28 suppl 1:524-31.

Kobayashi S, Boggon TdJ,Dayaram T,et al.
EGFR mutations and resistance of non-
small-cell lung cancer to gefitinib. N Engl J
Med;2005, 352:786-792.

Inukai M, Toyooka S,Ito S, et al.Presence
of epidermal growth factor receptor gene
T790M mutation as a minor clone in non-
small-cell lung cancer. Cancer Res; 2006;
66:7854-7858.

Jung, K., Fleischhacker, M. & Rabien, A.
Cell-free DNA in the blood as a solid tumor
biomarker-a critical appraisal of the
literature. Clin. Chim. Acta 2010;411:1611—
1624.

Gormally, E., Caboux, E., Vineis, P. &
Hainaut, P. Circulating free DNA in plasma
or serum as biomarker of carcinogenesis:
practical aspects and biological significance.
Mutat. Res. 2007;635,105-117.

Diehl, F. Schmidt K, Choti MA, et al.
Circulating mutant DNA to assess tumor
dynamics. Nat. Med. 2008;14:985-990.

Wang, JY. Chang MY, Huang TJ. et al.
Molecular detection of APC, K ras, and p53
mutations in the serum of colorectal cancer
patients as circulating biomarkers. World J.
Surg. 2004;28:721-726.

Sorenson, G. D. Detection of mutated
KRAS2 sequences as tumor markers in
plasma/serum of patients with gastro-
Clin.

intestinal cancer. Cancer Res.

2000;6:2129-21317.

Sorenson, G. D. A review of studies on the
detection of mutated KRAS2 sequences as

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

tumor markers in plasma/serum of patients
with gastrointestinal cancer. Ann. NY Acad.
Sci. 2000;906:13-16.

Thierry, A. R. Moulicre F, Gongora C et al.
Origin and quantification of circulating DNA
in mice with human colorectal cancer
xenografts. Nucleic Acids Res. 2010;38:
6159-6175.

Diehl, F. LI M, Dressman D. et al. Detection
and quantification of mutations in the
plasma of patients with colorectal tumors.
Proc. Natl Acad. Sci. USA, 2005;102:16368—
16373.

.Jahr, S. DNA fragments in the blood plasma

of cancer patients: quantitations and
evidence for their origin from apoptotic and
necrotic cells. Cancer Res. 2001;61:1659—
1665.

Misale, S. Yaeger R, Hobors. et al.
Emergence of KRAS mutations and acquired

resistance to anti-EGFR therapy in colorectal
cancer. Nature, 2012;486:532—-536.

Srinivasan, M., Sedmak, D. & Jewell, S.
Effect of fixatives and tissue processing on
the content and integrity of nucleic acids.
Am. J. Pathol. 2002;161:1961-1971.

Silva, J.M, Garcia JM, Dominquez G et al.
Persistence of tumor DNA in plasma of
breast cancer patients after mastectomy.
Ann. Surg. Oncol.2002;9: 71-76.

Nygaard, A. D., Garm Spindler, K. L.,
Pallisgaard, N.,Andersen, R. F. & Jakobsen,
A. The prognostic value of KRAS mutated
plasma DNA in advanced non-small cell lung
cancer. Lung Cancer, 2013;79:312-317.

Van Cutsem, E., Oliveira, J. & ESMO
Guidelines Working Group. Primary colon
cancer: ESMO clinical recommendations for

diagnosis, adjuvant treatment and follow-
up. Ann. Oncol.2009;20(Suppl.4):49-50.

Kataja, V., Castiglione, M. & ESMO
Guidelines Working Group. Primary breast
cancer: ESMO clinical recommendations for
diagnosis, treatment and follow-up. Ann.
Oncol. 2009;20(Suppl.4):10-14.

D’Addario, G., Felip, E. & ESMO Guidelines
Working Group. Non small cell lung cancer:



Liquid biopsy: A new era in Lung cancer management

Rakib Uddin Ahmed et al.

27.

ESMO clinical recommendations for
diagnosis, treatment and follow-up. Ann.
Oncol. 2009;20(Suppl. 4),:68-70.

Jeffery, M., Hickey, B. E. & Hider, P. N.
Follow-up strategies for patients treated for
non-metastatic colorectal cancer. Cochrane
Database of Systematic Reviews 2007, Issue
1. Art. No.: CD002200. http://dx.doi.org/
10.1002/14651858. CD002200. pub?2.

28.

29.

Srikantharajah, D., Ghuman, A.,
Nagendran, M. & Maruthappu, M. Is
computed tomography follow-up of patients
after lobectomy for nonsmall cell lung
cancer of benefit in terms of survival?
Interact. Cardiovasc. Thorac. Surg.
2012;15:893—-898.

Shaw, A. T. & Engelman, J. A. ALK in lung
cancer: past, present, and future. J. Clin.
Oncol. 2013;31:1105-1111.



