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in more than a hundred genetic factor changes in a single cell [8-9], 
it demands high-throughput methods to simultaneously identify or 
pinpoint 3-digit numbers genetic abnormalities from 40-50 currently 
known cancer biomarkers in each tumor origin in future.

Introduction of Methods
Cancers possess different etiological basis with a same pathological 

characteristic of unlimited growths. They result from genetic 
malfunctions and molecular disturbances. More than a thousand 
types of genetic abnormalities can cause about one hundred different 
tumor types and the different genetic abnormalities must be treated 
or rectified by more than one hundred different anti-cancer drugs or 
even more. It means that responses to same anti-cancer drugs may be 
various from patient to patients. ICC is the way to do this.

Prediction of drug responses by detecting tumor biomarkers

Bioinformatics is a genomics-based approach and may possibly be 
the greatest varieties of techniques for analyzing genetic or genomic 
abnormalities of DNA, RNA, proteins and glyco-ligands in tumors. In 
the earliest era of bioinformatics development, clinical cancer practices 
were to predict patient’s prognosis [10] or classifications of tumor 
origins [11]. Over-expressions of many oncogenes or biomarkers, 
such as HER2 in women or gastric cancer, will show poor prognosis of 
patients if a conventional therapy is used.

Presently, the best way of bioinformatics for the prediction of anti-
cancer drug response is to decide monotherapy (treatment of cancer 
patients with monoclonal antibodies). If a tumorigenic biomarker has 
been detected in a remarkable higher level, it is reasonable to assume 
that monoclonal antibodies of specifically targeting this tumorigenic 
biomarker will be effective. Much success and numerous reports have 
been addressed this issue [12-15]. But monoclonal antibodies are very 
expensive. Thousands USD of drug expense can be only used in a single 
therapeutic cycle. Usually only a few months survival benefits can be 
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Abstract
A major obstacle to control cancer growth and metastases in patients is the widespread inappropriate use of anti-

cancer drugs. Individualized cancer chemotherapy (ICC) has been attracting increasing attentions in medical circle 
and will continue to show beneficial outcome in the future. This review addresses this issue by discussing one specific 
strategy of ICC, biomarker-oriented therapy. Many longstanding key debates and future trends are discussed.
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Introduction
A major obstacle to control cancer growth and metastases in 

patients is the widespread inappropriate use of anti-cancer drugs. As 
increasing numbers and types of anti-cancer drugs are developed, 
clinicians become more and more likely to misuse them in their 
practice. The norm is to chemotherapy that is “randomized” or 
“standard” in relation to the target organs or tumor origins. Since 
tumors are originated from a wide variety of different phenotypic or 
genetic abnormal tissues, these different tumor tissues are sensitive to 
different anti-cancer drugs. Thus, most cancer patients are unsuited 
to the use of such “uniform” or “standardized” chemotherapy. As 
no single drug or combination has so far been found that is optimal 
for cancer of all origins, developing a good and clinically practical 
drug selection system is no less important than the discovery of new 
drugs. Researchers have now begun to focus on “individualized cancer 
chemotherapy” (ICC), which improves therapeutic quality by selecting 
and prescribing well-matched drugs and avoid ineffective ones [1]. 

Bioinformatics for Individualized Cancer Chemother-
apy

Various molecules have been widely reported to have diagnostic 
and/or prognostic values in cancer patients. Such molecules range 
from immunoregulatory and inflammatory factors (interleukins 
and cytokines) and signal transduction regulators (tyrosine kinase, 
cycloxygenase-2, MAPK, etc) to factors related to tumor pathology 
(metastases, angiogenesis and apoptosis) such as vascular epithelial 
growth factor and its receptor (VEGF and VEGFR), EGFR and 
fibrinogen. These pathogenic markers in tumors are specific targets for 
drug antagonism or disruption [1-3]. With the increasing production of 
highly selective drugs (cytostatic anti-cancer drugs), cancer patients can 
be treated with targeted agents chosen by reference only to pathological 
data without drug sensitivity tests. Successful example can be seen in 
fluoro-pyrimidine based chemotherapy for metastatic colon cancers 
over expressing dihydropyrimidine dehydrogenase and thymidylate 
synthase [4] and treatment of the deadliest lung cancers resulting from 
epidermal growth factor receptor mutation with monoclonal antibody, 
Iressa [5].

In the tumor marker detections, bioinformatics have been the 
best suited methods to identify tumorigenic initiators and promoters, 
and to further decide which cytostatic anti-cancer drugs may possibly 
target. Since tumors are progressive conditions [6-7] that may result 
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expected. Also, many authors have reported that there is no survival 
benefit in patients after monotherapy [16-17]. We hypothesize herein 
whether monotherapy or RNAi agents targeted at original tumorigenic 
molecules might decide the effectiveness of following therapy. For 
example, treatment targeting chromosome translocations in childhood 
leukemia will improve the treatment outcome of patients with 
chromosome translocations, therapeutic benefits are improved from 
previous cure rate of 25% to now 80%. So the bioinformatics detections 
is an important means to find out the most original and causative 
biomarkers in an individualized chemotherapy. In order to reach this 
goal, much more basic and clinical investigations are needed to build 
good routines and paradigms for clinical practitioners to follow. These 
routines and paradigms need to be easy to handle, less expensive, high-
throughput, and as effective as possible. Currently, bioinformatics 
techniques have numerous selections and no single technique has been 
much advantageous over the rest of methods. We think some well-
organized international committee should be encouraged to work out 
with this issue in future. Some standard chips or techniques need to be 
designed and uniformed by some big manufacturers to safeguard the 
quality and price of detections.

ICC targeting tumor metastases

More than 90% cancer deaths are caused by cancer metastasis. As 
cancer metastasis is the main cause of human deaths, we shall pay more 
attentions on it. Currently, treatment and chemotherapy are focused 
on primary tumors rather than metastatic processes. Anti-metastatic 
drugs are often used as assistant therapy. So cancer patient’s survivals 
have been improved very little. To change this mindset, we highlight this 
problem by giving new perspectives and try to improve the outcome of 
chemotherapy of cancer patients from different possible ways. Cancer 
metastases do not occur in all patients. 60% patients suffer those tumor 
types with low metastatic rates [18]. These patients will have good 
survival expectancy. To those patients, there is no need of additional 
anti-metastatic therapy. Only operations or therapy targeting primary 
tumors are enough. However, in many cases, we cannot know if a 
specific individual will metastasize or not? Or we have already found 
metastasized tumors when patients are diagnosed with cancer. There are 
two main types of options we can choose; (i) find out if some metastatic 
gene signatures in primary tumors [19-20]; (ii) treatment of metastatic 
foci with high active drugs. The central problem is ICC targeting tumor 
metastases. This needs to detect metastatic biomarkers in patients. If 
patients carry tumor species with high metastatic biomarkers, they 
need to be treated with anti-metastatic drugs. 

ICC: Are we Ready for that yet?

Since, we may not possibly use all of these strategies in one patient, 
amongst different types of ICC, which of ICC strategy is the best? Each 
of them has its own advantages and disadvantages. At present, none of 
the ICC strategies are advantageous over the others. Also, no available 
ICC strategy has been well enough to significantly increase the patient’s 
survival compared with conventional therapy. So we desperately need 
some magic moves to improve present ICC strategies or create new 
types of ICC strategies to integrate the advantages of all ICC types. 
Although much efforts have been made in fulfillment of ICC, but many 
main obstacles still need to be hurdled. For one important reason, 
there is almost no improvement in cancer patients’ survival in spite of 
applications of ICC. But it can be a future miracle if we can make them 
perfect into a successful one. So are we ready for that yet? [21].
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