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ABSTRACT: Cancer is still a major cause of mortality in the Thai population. The heterogeneity and complexity of
cancer make this disease often result in ineffective treatment and a fatal outcome. Primary prevention for a known-
risk cancer is one way to minimize the number of new cancer cases; however, effective treatment with reasonable
cost-effectiveness is important for cancer patients. Basic and preclinical cancer research are necessary for better and
deeper understanding of the nature of cancer. Several research initiatives should be implemented to translate the
preclinical developments to clinical outcome. High specificity and sensitivity of tumour markers in serum or secretory
fluids are helpful for diagnosis of cancer before advanced, high cost, or invasive diagnoses are implemented. A set
of potential markers instead of a single marker should be researched to increase the diagnostic power of the tests for
a particular cancer. Simplicity, low cost, and highly effective diagnostic power of the test is also required to validate
a test for clinical use. The knowledge generated at the molecular level together with the advanced technologies of
next-generation sequencing, cellular and molecular biology, and computational biology, provide a new trend of precise
treatment against individual cancers. Histoculture drug response assays or in vitro chemo-sensitivity assays, genomic
profiling of tumours by next-generation sequencing, drug repositioning for cancer, and chimeric antigen receptor T-cell
therapy are exciting approaches that lead to precise and effective therapy for cancer patients. In this review, several
new directions for the precise diagnosis and effective treatments of cancer are highlighted.
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INTRODUCTION

Cancer is considered a leading cause of death world-
wide in developed and developing countries, in-
cluding Thailand. The number of cancer cases and
deaths is expected to grow rapidly. As noted in
GLOBOCAN 2012, approximately 8 million people
died of cancer and 14 million new cases were
recorded worldwide1. The most commonly diag-
nosed cancer in each country varied considerably.
Based on GLOBOCAN 2012, prostate cancer was
the most common cancer among males in North
and South America, and Europe while the leading
cancers among males varied substantially in Africa
and Asia2. Breast cancer was the most common
cancer among females in North America, Europe
and Oceania, whereas breast and cervical cancers
were the most frequently found cancers in Africa
and most of Asia. According to the World Health
Organization, the numbers of new cancer cases
are expected to rise by about 70% over the next
20 years3.

Cancer is also the highest cause of death of

Thais. The mortality rates of the Thai population in
2015, analysed from the Health Information System
Development Office, Ministry of Public Health of
Thailand (www.hiso.or.th) revealed that 417 per
100 000 Thais died because of cancer, followed by
kidney failure (100), accident (98) and diabetes
mellitus (75) (Fig. 1). Among all cancer deaths,
lung cancer was highest in the north, while liver
cancer was extremely high in the north-east. Breast
and cervical cancers seemed to be distributed over
the country with lower rates in the north-east and
the south (Fig. 2). Except for cervical cancer that
seems to have been stable for a couple years, mor-
tality rates of all major cancers in Thailand have an
increasing trend. This may be due to the changes
of lifestyle that increases exposure and accesses to
risk factors, decreases physical activity, and changes
eating habits and behaviour.

Thailand is now facing an ageing society. Low
birth rates and longevity of the elderly population
moves Thailand towards an ageing society. Of
any developing country in East Asia and Pacific,
Thailand together with China, has the highest share
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Fig. 1 The major causes of mortality in the Thai popula-
tion, in 2015. The geographical distribution of mortality
rates of the major causes of death in the Thai population
in 2015. Cancer was the highest cause of death, followed
by kidney failure and accidents. The numbers are rates
of mortality per 100 000 persons; ** indicates the highest
mortality rate. Data from the Health Information System
Development Office, Ministry of Public Health of Thailand
(www.hiso.or.th).

of elderly people4. As the occurrence of cancer
increases with age, it can be presumed that there
will be a growing cancer incidence and mortality
in the Thai population and the rising of healthcare
expense for cancer patients in the next decade.
Besides the primary prevention, effective diagno-
sis, treatments and care for cancer patients should
be considered. The research and development to
achieve an early and definite diagnosis as well as
effective treatments for cancer patients should be
intensively evaluated. This article is intended to
share the perspective of cutting-edge biomedical
research that may ultimately contribute to specific
diagnosis and better treatments for cancer patients
towards Thailand 4.0.

INNOVATION OF TUMOUR MARKERS FOR
DIAGNOSIS AND PROGNOSIS OF CANCER

Cancer is a group of diseases that can occur in
any tissue or organ with a common characteristic—
uncontrolled cell growth. Cancer cells divide uncon-

Fig. 2 Four major causes of cancer death in the Thai pop-
ulation in 2015. The leading cancers among Thai males in
2015 was liver cancer, followed by lung cancer, whereas
those in Thai females was breast cancer and cervical can-
cer. The numbers indicate rates of mortality per 100 000
persons and ** indicates the highest mortality rate. Mod-
ified figure from http://how2drawrunggg.blogspot.com/
2014/01/humanscale-1-7-4-normal-7-dialistic-8.html.

trollably, form masses and in the advanced stage,
metastasize to distant organs. Most fatal cancers are
slow growing and have no specific symptoms at the
beginning, thus almost all patients are diagnosed
when cancers have metastasized. The potentially
curative treatment is surgical resection, however,
this can only be offered effectively for early stage
cancers. Early detection of cancer is, thus crucial to
reduce morbidity and mortality. Advanced imaging
techniques such as X-rays, CT scans, MRI scans,
PET scans, and ultrasound scans are used to de-
tect tumour masses. These techniques, however,
have limited sensitivity in detecting small masses
or metastatic foci and are very much dependent on
the experience of the operators. In addition, they
are available only to a limited number of patients
due to their high cost. Tumour markers then play a
key role for primary diagnosis of suspected cancer in
persons before using invasive or high cost diagnostic
technologies.

Tumour associated markers are substances pro-
duced by a tumour itself or by the body as a response
to the tumour. These biomarkers can be detected
in tumour tissues and its microenvironments or
body fluids, such as whole blood, serum, urine,
and saliva. Several biomolecules reflecting the bi-
ological processes of cancer cells can be used as
tumour markers. They can be proteins, glycopro-
teins, DNA, long non-coding RNA (lncRNAs), mi-
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croRNAs (miRNAs), metabolites, tumour associated
macrophages and fibroblasts, circulating tumour
cells and white blood cells. Tumour markers are of
benefit not only for diagnosis, but also for prognosis
and prediction of drug response. Some markers are
good for screening as a health checkup. Long-term
surveillance should be provided for a person who is
positive for these markers. An early stage cancer,
may then be diagnosed during follow up. Some
tumour markers are of benefit for cancer diagnosis.
These markers should be determined in combina-
tion with other investigations for definite diagnosis
of a particular cancer. The prognostic markers are
suitable to provide the information for clinicians to
select the appropriate and effective treatment for
patients. These markers mostly reflect the clinical
manifestations of patients and are associated with
patient survival or tumour staging. Some tumour
markers are associated with drug responses or id-
iosyncratic genetic problems and can be used to
predict the responsiveness of patients to the drug
treatment.

The present high-throughput and large-scale
analytical technologies, i.e., genomics, transcrip-
tomics, proteomics and metabolomics, offer re-
searchers an opportunity to discover a number of
potential markers that could be used for diagnosis,
prognosis or prediction of treatment responses for
an individual patient. While many of them even
hold a promising potential to use in clinical practice,
many of them may not identify a particular type
of cancer. As cancer is heterogeneous, it is well
accepted that a combination markers may have
better diagnostic power than a single marker. Using
a ratio of two serum proteins may have high diag-
nostic and predictive powers in several cancer types.
A comparison of serum proteomes from cholan-
giocarcinoma (CCA) patients and healthy controls,
differential amounts of α1β-glycoprotein (A1BG)
and afamin (AFM) were identified in sera from
CCA patients5. Determination of these two serum
proteins in a single blood test as an A1BG/AFM
ratio could differentiate CCA patients with 84%
sensitivity and 88% specificity. Besides, the albumin
to γ-glutamyltransferase ratio6 and the aspartate
aminotransferase to neutrophil ratio7 was proposed
as a potential prognostic markers for CCA. A
suitable combination of markers can give a precise
diagnosis for a specific cancer type with satisfactory
sensitivity and specificity for clinical implications.
Most researchers selected the markers as a combi-
nation based on the physiological functions of those
particular molecules. Machine learning decisions

can effectively assist researchers in selecting a com-
bination of potential markers with designed speci-
ficity and sensitivity. Using a decision tree diagram
built by the C4.5 algorithm, 2 of the 8 diagnostic
markers were selected to distinguish CCA patients
from non-CCA subjects with sensitivity, specificity
and accuracy ¾ 95% 8. With the high sensitivity,
specificity and accuracy, a simple blood test could
be the way to replace the biopsy; the gold standard
for detecting cancer.

Based on a search on Pubmed from 2000–2017,
there were 645 publications published by authors
from Thailand on markers and cancers. Only a
limited number of these, however, could be trans-
lated to clinical practice. To discover novel and high
impact tumour markers available in clinical practice,
collaboration and integration of knowledge among
different disciplines are the keys to success. Bio-
molecular researchers, clinicians, biostatisticians,
bio-informaticians, granting agencies and private
sectors should join hands and set up a national
project to innovate development of diagnostic tests
for cancers that have a high incidence in Thailand.
Evaluation of the usefulness of candidate tumour
markers in routine pathological diagnosis is the next
step needed to analyse their values. Systematic
reviews and meta-analyses should be evaluated to
clarify the impact of the potential markers for par-
ticular cancers and to prevent over-diagnoses. The
detection techniques and the cohorts of studies with
appropriate clinical data and precise sample collec-
tions are of importance and should be considered.
A nationwide biobank to collect bio-samples taken
with standard protocols should be set to support the
discovery of novel tumour markers. In parallel, the
non- or low invasive sample collection techniques,
as well as the simple and affordable determination
methods should be taken into account. Finally,
towards the Thailand 4.0 policy, the possibility of
the determination of the manufacture of tumour
markers as commercially available test kits should
be assessed.

PRECISION MEDICINE: AN UPCOMING
APPROACH FOR EFFECTIVE TREATMENT OF
CANCER

Many efforts and huge budgets have been invested
to discover new drugs for cancer treatment. Low
response rates and short overall survival, however,
are still the norm. High recurrence rates and
drug resistance are the main problems of ineffective
treatments using either chemotherapy or targeted
therapies. Furthermore, patients with similar cancer
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types frequently exhibit different drug responses to
the same drug treatment. This observation has
lately been shown to be the different molecular
signatures of cancer in individuals that takes into
account the diverse drug responses in individual
patients. Not only the histopathology and clinical
features of the cancer, but the specific molecu-
lar features of the cancer that drive and regulate
the behaviour of cancer in a particular individual.
Several studies have indicated different molecular
signatures among individual persons with similar
cancer types. For example, different expression
patterns in transcriptomes, epigenomes and mu-
tations were reported recently among cholangio-
carcinoma patients from liver fluke and non-liver
fluke associated cancers9–12. A “one-size-fits-all
approach”, in which the treatment strategies are
developed for the average person, therefore, may
not be not effective. To face this fact, an upcoming
approach of ‘precision medicine’, in which the treat-
ment is arranged according to individual variability
in genes, environment, and lifestyle of each person,
is recommended13. The cancers could be classified
according to their expression profiles to predict the
drug responsiveness of cancer in an individual as a
good or poor response to the cancer. This is not only
to increase the response rate and cost-effectiveness
of the outcome but also avoids the opposite ad-
verse effect of cytotoxic drugs for those who will
not tolerate the treatment. This approach provides
clinicians and researchers a means to predict more
accurately the best treatment that will effectively
work for individual cancer patient.

Precision medicine holds promise for improv-
ing treatment for cancer and many other diseases.
Precision medicine is still young in Thailand. To
establish this approach, physicians and medical sci-
entists have to prepare many aspects in the drive
for “precision medicine for cancer” in the country
towards Thailand 4.0. Basic research is needed
for a better understanding of biology, molecular
signature sand underlying mechanisms of specific
types of cancer in Thai patients. This information
is of value not only for improving the treatment
but also for diagnosis and prevention. As Thailand
4.0 targets a high value economy, basic research is
necessary to analyse and filter the potential genes
that may reflect the prognosis and drug response.
Special cellular and molecular technologies, such
as histoculture drug response assays, organoid and
patient tissues derived xenograft models, RNA se-
quencing (RNAseq), and data mining are required.

IN VITRO-GUIDED THERAPY IMPROVES
RESPONSIVENESS TO DRUG THERAPY IN
CANCER PATIENTS

The histoculture drug response assay (HDRA) or
in vitro chemo-sensitivity assay were developed in
considering the urgent need for chemo-resistance
prediction in cancer patients. Several clinical stud-
ies including colorectal, gastric and lung cancers
revealed that inhibition rates obtained with HDRA
can predict clinical responses to chemotherapy14, 15.
A study reported in Ref. 16, demonstrated that
HDRA appeared to be useful to cancer patients for
prediction of responses to chemotherapy. In this
study, tumours from 329 various cancer patients
who underwent chemotherapy were cultured and
tested with different chemo-drugs for 5 days. The
overall survivals were compared between patients
with HDRA guided therapy and those with empiric
therapy. The results indicated that the overall sur-
vivals in patients treated with HDRA guided ther-
apy were significantly prolonged compared to those
with empiric therapy. Similar results were obtained
in a report of 359 lung cancer patients studied17.
Using HDRA to evaluate the chemo-sensitivities of
lung tumour tissues to several chemotherapeutic
drugs, patients who received HDRA guided therapy
are reported. They found that the evaluability and
predictability of HDRA were high and could be
used to predict clinical responses. Several studies
demonstrated the strong association of in vitro and
in vivo effects17, however, it is hard to exclude
selection bias and confounding as an influence on
the results. Future research should be conducted
with well-designed randomized trials to measure
survival outcomes.

HDRA is a representative of an in vitro drug
response test for anticancer agents in individuals
before starting the chemotherapy. It provides a
reliable drug sensitivity test with a simple and low
cost method. The advantages of the HDRA over
other single cells suspension methods may be due
to good cell viability and a more natural patient
environment. Future investigation on the profit of
HDRA guided treatment may provide a place for
HDRA to be an adjuvant investigation for targeted
or second- or third-line chemotherapies. As the bio-
logical and molecular characteristics of each cancer
type differ, it is suggested that before implementa-
tion of HDRA in routine clinical practice, it should be
verified whether HDRA is applicable and useful for
the specific cancer type under consideration. Fur-
thermore, one should be aware that primary culture
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is sometimes not successful due to contamination,
non-growth or fibroblast overgrowth. In addition,
HDRA requires a large amount of tissue which may
limit the application of HDRA in clinical practice.

GENOMIC PROFILING OF TUMOURS LEADS TO
PERSONALIZED-PRECISION THERAPY FOR
CANCER PATIENTS

Cancer can be considered as a genome defect dis-
ease. Accumulation of genomic alterations, i.e.,
activation of oncogenes, suppression of tumour sup-
pressor genes, mutation of several genes and alter-
ation in epigenetics that transform normal cells to
uncontrolled cancer cells are all possibilities. Basic
and clinical cancer research have identified a num-
ber of mechanisms associated with cancer develop-
ment and progression. The present advanced tech-
nology in sequencing, commonly known as next-
generation sequencing (NGS), not only provides
in-depth understanding of the genomic land-scape
of cancers but also enables the identification of
crucial genetic pathways that may be the molecular
therapeutic targets. NGS makes it possible to have
routine genomic studies of tumours in clinical prac-
tice. This allows clinicians and scientists to improve
the prognosis of clinical outcomes in individuals and
leads to further development of precision therapy.

The use of imatinib, the kinase inhibitor, for
the treatment of chronic myelogenous leukaemias
(CML) was the pioneer example for molecular
driven therapy. Treatment with imatinib in CML
patients who harboured BCR-ABL1 chromosomal
translocation significantly improved their survival
almost similar to those of general population18.
Similarly, HER2-targeted therapies for patients with
metastatic HER2-positive breast cancer dramatically
increased a median survival to almost 5 years19

and improved the cure rates of early-stage HER2-
positive breast cancer by 35–50%20. Currently,
therapies targeting 11 somatic aberrations of tu-
mours in 10 different cancer types were identi-
fied21. Targeting the clinically validated predic-
tive biomarkers has proven to benefit not only a
specific type of tumour but also to benefit other
tumours that possess similar genetic alterations.
For example, the use of RAF and MEK inhibitors
in cutaneous melanoma patients with BRAF V600
mutations effectively improved survivals of these
patients22. BRAF V600 mutations, however, were
also evident in non-melanoma cancer patients who
may obtain benefit from the same treatment. Cur-
rently, the clinical activities of these inhibitors have
been identified in lung and thyroid cancers as well as

in hairy cell leukaemia23, 24. A common molecular
subtypes of intrahepatic cholangiocarcinoma and
hepatocellular carcinoma from Thai patients was
demonstrated recently25, even these two cancers
are clinically different with etiological and biolog-
ical heterogeneity. In this context, targeted therapy
should be prescribed for selected subsets of patients
according to the genomic alterations of the tumour
regardless of tumour type or tumour origin. Hence a
new taxonomy of human cancers based on genomic
profiling of abnormal mutation has been suggested
to complement current histology-based classifica-
tions26.

Advances in NGS technologies have generated
a large volume of data supporting somatic alter-
ations in cancer that can be targeted for precision
cancer therapy. Genomic profiling of tumours could
identify the most appropriate targeted therapy to
an individual patient who harbours a particular
genetic profile or molecular feature. Broadening
the use of targeted therapy in a larger cohort with
multiple types of tumours will maximize the utiliza-
tion of precision medicine in cancer. Other factors,
however, may alter the responsiveness of cancer to
targeted therapy and have to be taken into account.
Genomic variants and the tumour microenviron-
ment of an individual may modulate the sensitivity
of the patient to a specific inhibitor of targeted
therapy. These factors may signify the complexity
of genomic data and decision-making for clinical
implications. Finally, collaborative genome-driven
clinical trials should be initiated worldwide to refine
a better understanding of the roles of these genomic
aberrations in association with disease pathogene-
sis, drug response and resistance that may lead to
discovery of new drug target.

DRUG REPOSITIONING AS A PROMISING
STRATEGY FOR NEW ANTICANCER AGENTS

Drug repositioning or drug repurposing for the iden-
tification of new therapeutic indications is the goal
for already approved drugs. This approach is a
promising strategy for drug discovery and develop-
ment, as the traditional drug discovery approach is
more time consuming and expensive. The reposi-
tioning is not only faster and cheaper to translate
from bench to clinic but is also a benefit for patients
as it reduces safety risks and accelerates success-
ful access to treatment27, 28. Drug repurposing,
however, is not completely safe or ready to use
as biological activity, pharmacokinetics, and clinical
observations such as adverse effects, new dosing
and scheduling in a new set of patients, are needed
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to be fully analysed.
Currently, there are several reports on using ex-

isting drugs as antitumor agents. For example, met-
formin, a standard drug for diabetes, has been re-
ported to reduce the carcinogenic risk and inhibit tu-
mour cell growth in endometrial, breast and ovarian
cancers. The efficacy of metformin for the treatment
of these cancers has been suggested in preclinical
studies and clinical trials. In addition, the combina-
tion of metformin and doxorubicin, a chemothera-
peutic agent, effectively inhibited growth of breast
cancer stem cells and cancer cells in culture29. The
treatment in a xenograft mouse model not only
reduced tumour mass but also prevents relapse of
cancer. The study supported the rationale of using
a combination of metformin and chemo-drugs to
improve treatment of breast cancer patients. In
the experience of the present authors, metformin
exhibited significantly anti-proliferative activity on
cholangiocarcinoma cells in a dose and time de-
pendent fashion30. Furthermore, a low dose of
metformin could potentially increase anoikis and
inhibit migration and invasion of cancer cells. These
findings encourage the repurposing of metformin
in clinical trials to improve treatment of this can-
cer. Several anti-parasitic drugs were also investi-
gated for their efficacies to repurpose as anticancer
agents; such as mebendazole, chloroquine, and
artesunate. Anticancer activity of mebendazole as
an anthelmintic drug that has been used extensively
for gastro-intestinal parasitic infections in humans,
has been shown effective in preclinical studies in
various types of cancers, e.g., lung, brain, melanoma
and cholangiocarcinoma31–33.

Recently, computational techniques and meth-
ods have been proposed for repositioning of cancer
drugs. It can be ‘on-target’ repositioning when
known pharmacological activity is applied to a dif-
ferent clinical application or ‘off-target’ reposition-
ing, if a new mechanism has been identified for
a known drug. There are different approaches
to re-investigate known drugs for cancer treat-
ment, i.e., target based, drug based and disease
based34. Computational and experimental methods
are needed to search for the potential repurposing
drugs. Computational technologies are helpful to
integrate data from various sources, i.e., pharma-
cologic, genomic, phenotypic, chemical and clinical
information. Prediction of drug-disease responses
could be obtained using bio-informatic technolo-
gies, machine learning-based models, biological net-
work analysis and text-mining research. For vali-
dation of candidate compounds suggested by com-

putational analyses, both in vitro and in vivo are
necessary to be performed. Deeper understanding
of genomics and molecular pathways and drug ac-
tivity associated with cancer are essential to support
the potential application of drug repurposing in
personalized therapy.

Drug repurposing for cancer in Thailand is still
young and most of research is at the preclinical
level. A number of natural and synthetic compounds
with anticancer activities have been reported. None,
however, have been continuously validated and
translated to patients. A collaborative network
among investigators with different expertise includ-
ing computational researchers, bio-informaticians,
cell biologists and molecular biologists, as well as
clinicians should be set up. Research programs, new
tools and approaches for managing data should be
developed from databases of Thai patients. These
issues are necessary to fully realize the promise of
drug repurposing in personalized medicine.

Immunotherapy for cancer

In general, immune cells can recognize cancer cells
and eradicate them. Cancer cells, however, can
develop a system to evade immune response and
hence cancer develops. Over the past several years,
immunotherapy for cancer has emerged and the
most advanced and furthest in clinical implication
is Chimeric Antigen Receptor (CAR) T-cell therapy.
The principal of this approach is to strengthen
the power of a patient’s immune system to attack
tumours by engineering the T-cells themselves to
enhance the immune response against a specific
tumour antigen. The common procedure involves,
(i) genetically modifying T-cells from the patient to
express a CAR on their cell membranes, (ii) expand
these T-cells in vitro, and (iii) reinfuse the CAR T-
cells into the patient. Second and third generation
CAR-Ts have additional co-stimulatory domains that
further enhance the immune response35. Until
recently, CAR T-cell therapy has shown huge re-
mission rates, largely in patients with advanced
blood cancers. In 2017, two CAR T-cell therapies
were approved by the Food and Drug Administration
(FDA); one for the treatment of children with acute
lymphoblastic leukaemia and the other for adults
with advanced lymphomas. Whether CAR T-cell
therapy will be effective against solid tumours, is
still questionable36.

The ability to rewire an immune system to fight
cancer is an alternative therapy and a new hope
for cancer patients. Immunotherapy for cancer
is still in its infancy in the scientific world and
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in Thailand. There are several factors that are
of concern clinically; the biomarker that could be
targeted by a specific CAR T-cell therapy, the adverse
consequences associated with autoimmune disease,
and the tumour microenvironment, all of which
could interfere with treatment outcomes37.
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Recent advanced technologies in molecular biology,
NGS and computational biology, that provide sev-
eral new directions for the precise diagnosis and
effective treatment of cancer are being developed.
Basic and molecular research efforts in cancer bi-
ology in Thailand are solid, some of which are
at the edge of translation to clinical practice. To
translate the knowledge from preclinical sciences to
clinical practice, new partnerships and network of
scientists in various specialities, as well as people
from universities, pharmaceutical companies, and
others should be formed. Several national research
programs aimed towards patient outcome should
be developed. The Science Society of Thailand
may create a stage where lead scientists in different
fields can meet and develop national programs to
be submitted to the government sectors that are
responsible for this issue. To accelerate the trans-
lation period, many aspects have to be generated
in parallel. A national biobank for cancer research,
NGS service, a database for genetic profiling of
cancers from Thai patients, and animal facilities for
cancer research, should be developed.
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