Chapter 2
Overview of Oncology Biomarkers

Mitsukuni Suenaga, Heinz-Josef Lenz, and Stefan J. Scherer

Abstract Biomarkers, whether predictive or prognostic of disease, are an essential
element of every modern targeted oncology drug development program. Because
they can provide information about the mechanism of drug action, carcinogenesis,
and patient characteristics specific to both disease and treatment, they offer the
opportunity to individualize therapies and to realize potential of personalized medi-
cine. This chapter provides an introduction to biomarkers, their definition and col-
lection, with emphasis on the utility in colon, breast and lung cancers.
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1 Overview

In oncology, reliable biomarkers are crucial to realize individualized treatment for
cancer patients. Biomarkers represent biological characteristics of patients or
tumors in various cancer types that identify carcinogenesis mechanisms, individual
genetic variations, or pharmacogenomics such as pharmacokinetics and pharmaco-
dynamics. Finally, detected molecular biology-based biomarkers can serve as speci-
fied markers for tailor-made treatment especially with molecular-targeting agents.
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Biomarkers are generally divided into “predictive” and “prognostic” factors
(Nalejska et al. 2014). Predictive markers provide optimal treatment indication with
the likelihood of response to an applied chemotherapeutic therapy as well as of treat-
ment-related side effects. By contrast, prognostic markers confer identification of
patients with different clinical outcomes derived from somatic mutation, germline
polymorphisms, change in DNA methylation, serum cytokine levels, expression of
micro-RNA (miRNA) as well as circulating tumor cells (CTCs) (Mehta et al. 2010).

Thus, identification of biomarkers that highly correspond to clinical outcomes or
antitumor effect of chemotherapy is a crucial concern in clinical practice when
treating cancer patients.

2 Prognostic Marker

Prognostic biomarkers are objectively measurable and act as an intrinsic manner in
both patients and tumors and also independent of treatment that provide useful
information to the physicians about the likely clinical outcome. In advanced or met-
astatic cancers, overall survival is the most common prognostic marker (Nalejska
et al. 2014). Furthermore, prognostic factors are attributed to assess the tumor stag-
ing such as likelihood of the lymph node or distant metastasis at the point of diag-
nosis of cancer, preoperative screening process, and decision of application of
adjuvant chemotherapy to patients who underwent curative tumor resection with
respect to risk of cancer relapse (James et al. 2007; Cohen et al. 2009; Coate et al.
2009). Thus, prognostic markers can be used for patient selection who receive ben-
efit from cancer treatment in any tumor stages, but should not be employed to pre-
dict treatment efficacy.

Prognostic biomarkers in specific tumor type are identified by molecular analysis
for gene expression, gene polymorphism, mutation, DNA methylation variation,
CTC, or miRNA in the peripheral blood. Serum or plasma cytokine levels derived
from the host or tumor can also become prognostic factors (Hegde et al. 2013).

3 Predictive Marker

Predictive markers are characterized as more practical during cancer treatment that
provides information on the likelihood of benefit achieving objective response to
treatment. Thereby, in general, predictive markers are used for identification of spe-
cific patient groups who are most likely to benefit from treatment, as well as thera-
peutic decisions. Somatic mutations are the most common predictive markers as
shown in epidermal growth factor receptor (EGFR) signaling-related genes such as
KRAS, BRAF, or EGFRI (Amado et al. 2008; Van Cutsem et al. 2011). Analysis of
the expression of RNA and miRNA or determination of methylation status is
recently more focused on detecting good responders to treatment (Ouchi et al. 2015;
Perez-Carbonell et al. 2015).
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4 Biomarkers in Various Cancers

In several common cancer types, predictive and prognostic markers have been suc-
cessfully used to predict a response to treatment given to patients by genetic analy-
sis mentioned above. Some examples in major solid tumors are shown below.

4.1 Colon Cancer
4.1.1 Predictive Marker

Epidermal growth factor receptor (EGFR) is a target of anti-EGFR monoclonal anti-
bodies (cetuximab and panitumumab) in the treatment with metastatic colorectal
cancer (mCRC). Although mechanism of the drugs is inhibiting downstream EGFR
signaling and approximately 70 % of EGFR expression in CRC reported, EGFR
expression has not been shown to correlate with efficacy of the anti-EGFR mono-
clonal antibodies (Cunningham et al. 2004).

Further analyses on genes in the EGFR signaling pathway demonstrated that
such anti-EGFR antibodies could be effective only in mCRC harboring KRAS and
NRAS [exon 2 (codons 12 and 13), exon 3 (codons 59, 61)], BRAF(V600E), and
PIK3CA (exon 20) as wild type (De Roock et al. 2010). In addition, PTEN is known
as a tumor suppressor gene inhibiting PI3K-Akt signaling that indirectly diminishes
response to anti-EGFR antibodies with its mutation (Perrone et al. 2009; Sartore-
Bianchi et al. 2009; De Roock et al. 2011). The latest guidelines indicate that clini-
cal use of the anti-EGFR antibodies should be considered only in extended RAS
(KRAS and NRAS) wild-type mCRC patients (Allegra et al. 2016; Sorich et al.
2015).

4.1.2 Prognostic Marker

Familial adenomatous polyposis (FAP) is a familial syndrome, in which mutation of
APC tumor suppressor gene predisposes the patients to adenoma or adenocarci-
noma from the normal epithelium in the gastrointestinal tract. Annual screening or
investigation of the family history is strongly recommended in patients with APC
gene mutation or family history of FAP (Plawski and Slomski 2008).

Mismatch repair deficiency (AIMMR) has been shown to involve many somatic
mutations acting in a prognostic manner and also as predictive showing less response
to 5-fluorouracil in adjuvant therapy (Sargent et al. 2010). Recently, a study demon-
strated that IMMR was dramatically associated with enhanced response to pro-
grammed death 1 (PD-1) immune checkpoint inhibitor. In this mean, IMMR acts as
a predictive marker and will be surely focused on its correlation with the immune
microenvironment widely in many types of cancer (Le et al. 2015).
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4.2 Breast Cancer
4.2.1 Predictive Marker

Breast cancer is the one that has been most investigated for biomarkers because of
its characterization showing precise response to both biologic agents and hormone
therapy. Hormone receptors such as estrogen receptor (ER) and progesterone recep-
tor (PR) are targets of hormone therapy and expression of these genes serve as pre-
dictive markers in breast cancer (Chung and Christianson 2014; Dowsett et al.
2006), and current guidelines indicate clinical use of the hormone therapy as both
adjuvant and in metastatic setting in specific patients with hormone receptor posi-
tive tumor (https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf). On
the other hand, HER2 is the target of HER2 inhibitor including RTKSs (trastuzumab,
lapatinib, pertuzumab, and T-DM1). As a predictive factor, HER2-negative tumor
does not respond to trastuzumab, as observed in different types of cancers with
metastatic breast cancer and advanced gastric or gastroesophageal junction cancer
(Bang et al. 2010; Blackwell 2010).

4.2.2 Prognostic Marker

The hormone receptors and HER?2 status also serve as prognostic markers in breast
cancer. HER2-positive tumors are significantly associated with poor survival com-
pared to those without HER2 overexpression in breast cancer and possibly in gastric
cancer (Riischoff et al. 2010; Hofmann et al. 2008). Although the frequency of
HER?2 expression is around 20 % in both cancer types, HER2 testing is routinely
underwent to provide benefit and to avoid unnecessary harmfulness to patients
under the current clinical guideline (https://www.nccn.org/professionals/physician_
gls/pdf/breast.pdf).

4.3 Lung Cancer
4.3.1 Predictive Marker

In patients with non-small-cell lung carcinoma (NSCLC), EGFR kinase mutations
in exons 19 or 21 are routinely tested to decide the indication of tyrosine kinase
inhibitors (gefitinib and erlotinib) because of high sensitivity to these agents com-
pared with normal gene status (Heuckmann et al. 2012). Although the frequency of
mutation is small (around 5 %) in NSCLC, anaplastic lymphoma kinase (ALK) gene
rearrangement leading to the constitutive expression and activation of ALK fusion
protein has become a promising target of ALK inhibitor (crizotinib) (Camidge et al.
2012). However, recent studies demonstrated secondary ALK kinase mutations in
relation to drug resistance by ALK fusion gene amplification, EGFR, or KIT
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activation (Gainor et al. 2013). Ceritinib is approved as next-generation ALK inhib-
itor in patients confirmed with crizotinib-resistant tumor. Recently, p-glycoprotein
overexpression was revealed as crizotinib resistance mechanism in ALK-rearranged
NSCLC patients (Katayama 2015). Thus, testing for EGFR mutations and ALK
gene rearrangement is standardized in the treatment decision for NSCLC. However,
further drug-resistant tumors will still remain as an unavoidable issue along with
novel drug development.

4.3.2 Prognostic Marker

Excision repair cross-complementation group (ERCC1) protein was reported as a
predictive and prognostic factor that participates in the DNA repair in the nucleotide
excision repair pathway caused by cisplatin. Highly expressed ERCCI1 tumor was
revealed to provide longer survival in patients who did not receive adjuvant therapy;
by contrast, only low-expressed ERCC1 tumor was associated with good outcome
in patients receiving adjuvant chemotherapy (Huang et al. 2016). As focused on
CRC, KRAS mutation has been investigated in NSCLC as relevant biomarker to date
and found to be poor prognostic marker of NSCLC (Zhu et al. 2008). Although
abnormalities of these genes are conceivable to be prognostic markers with respect
to their critical role in each signal transduction pathway, most of the results have not
been validated for their true clinical values.

5 Timing of Biomarker Measurement

Although the impact of biomarkers is marvelous, testing them with inappropriate
timing may provide a risk of false-positive or false-negative results that misleads the
physician to incorrect choice of patients or treatment. We also recognize that bio-
marker characterization including pharmacodynamics of agents or gene status can
be changeable by previous treatment or other extrinsic stimulation. In that regards,
preoperative study is considered as one of the most reasonable tools to evaluate the
true functions of biomarkers (Marous et al. 2015).

Candidate biomarkers discovered in small population study such as phase II tri-
als are finally verified in randomized clinical trials that are stratified by the biomark-
ers. There are two types of biomarker study in clinical trial. An integral biomarker
directly reflects its impact on clinical endpoints because treatment arms are strati-
fied by the biomarker with enrolling patients randomly to each arm. By contrast,
integrated biomarkers are obtained after the prospective randomized trial met the
primary endpoint, at least meaning that biomarkers are not crucial factor directing
treatment (Mankoff et al. 2014). However, most common biomarker approved for
use in clinical practice is an integrated biomarker derived from additional research
of clinical trials, because the large amount of time and cost will be carried on
researchers.
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Therefore annual review of the availability of biomarkers and amendment of
guideline are necessary to avoid unfavorable outcome in patients who undergo
biomarker-dependent treatment.

6 Future Perspective

Biomarker research has remarkably progressed in oncology and accelerates novel
drug development. Analysis of DNA methylation and miRNA are recent topics in
several types of cancer (Nalejska et al. 2014). On the other hand, technology of
DNA and RNA sequencing, quantification of RNA, and SNP genotyping have been
developed and provide us the opportunity to analyze numerous number of genes at
one testing in short period such as genome-wide association study (GWAS)
(Mehta et al. 2010; Easton et al. 2007). However, GWAS covers only common
SNPs revealed as predictive or prognostic factors in treatment efficacy and carcino-
genesis even though it examines more than 500,000 SNPs at once, and we thereby
should recognize the disadvantage of GWAS as reward for amount of examination
cost. Therefore, we should think more deeply about the candidate gene-related path-
way before executing whole genome sequencing. If a hypothesis is well considered
and biologically reasonable, conventional SNP analysis may be enough and defeat
whole genome sequencing in terms of likelihood to find out specific biomarker as
well as cost benefit.

In conclusion, recent biomarker research has been remarkably progressed and
assisted early drug development especially molecular-targeting agents in oncology.
To evaluate the true value of candidate or approved biomarker, the timing of testing
and change of characterization by the environment such as previous treatment should
be always considered when choosing patients and deciding treatment strategy.
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