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Artificial Neural Networks
Artificial Neural Networks (ANNs) are computer systems that 

operate by using algorithms based on human brain functions to in-
terpret nonlinear data, which does not follow a sequential pattern. 
ANNs are composed of many smaller units called neurons, which 
are organized into multiple layers between the input of data and 
the output of results. In the same fashion as biological neurons, 
the connections and patterns between these units determine the be-
havior of the network, and this behavior may be learned through 
a process called backpropagation (Drew & Monson, 2000). In 
backpropagation, a data set for which the correct output is already 
known is input into the network. The output of the ANN is then 
continuously compared to the known output, and adjustments 
are made to the pattern of network components to minimize the 
least mean square difference over the entire set. After a sufficient 
number of repetitions, the network adjusts to a higher level of ac-
curacy, and can perform complex tasks without requiring the as 
many computing resources as traditional methods (Drew & Mon-
son, 2000).  Researchers are now discovering that biomedical sys-
tems must increasingly be represented by nonlinear systems, mak-
ing ANNs a valuable computing resource for biological research. 
ANNs have been applied to various aspects of cancer medicine for 
decades. Yet, more recent research efforts in this field have been 
accompanied by new knowledge about the biological aspects of 
cancer (Cruz & Wishart, 2006). As a result, computational meth-
ods are becoming significantly more effective than ever before.

INTRODUCTION
In recent years, significant research focus and funding has been 
directed towards the application of powerful computational tech-
niques for cancer diagnosis and treatment. While these technolo-
gies have been researched for many years, their applications for 
cancer have only now begun to garner attention from both the 
corporate sector as well as the area of academia. In September 
of 2016, Microsoft announced an initiative to “solve” cancer by 
approaching the study of the disease and its treatment through a 
novel computational lens. One key technology in their approach 
is artificial intelligence (AI), which now plays a rapidly expanding 
role in the medical field. This review examines one specific form 
of AI – artificial neural networking – and its current applications 
to cancer diagnosis and treatment, with the intent of providing per-
spective on where initiatives such as Microsoft’s are heading in the 
pursuit of solving the so-called “cancer problem.” 
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Applications to Cancer Diagnosis
Even before an individual develops cancer, this technology 

may provide insight into his or her susceptibility to the disease; 
Naushad et al. (2016) developed an ANN-based model which ana-
lyzes the interaction of genes, nutrients, and demographic indica-
tors to predict the likelihood of an individual developing breast 
cancer. This model proved to be very precise – displaying 94.2% 
accuracy – and identified several variables which contributed to 
breast cancer risk, including folate deficiency and estrogen expo-
sure (Naudshad et al., 2016). For many years it has been known 
that ANNs have diagnostic utility, with an early review conclud-
ing that AI methods are more effective than traditional statistical 
approaches, particularly for large data sets (Abbod et al., 2007). 
Many of these technologies have their roots in biological processes 
beyond neural networking. For example, an ANN developed by 
He et al. (2009) to diagnose breast cancer at a sufficient level was 
modeled after the producer-scrounger model of animal searching 
behavior and group. Similarly, another study presents a method 
for evolving ANNs using genetic algorithms so that the networks 
adapt much in the same way that natural evolution occurs, so that 
eventually said network can be used in computer-aided mammo-
graphic mass detection (Tan et al., 2014). Methods such as those 
mentioned have shown high accuracy rates comparable to those of 
humans, including a particular ANN system for malignant mela-
noma screening which displays a classification accuracy of 93% 
(Premaladha & Ravichandran, 2016).

Applications to Cancer Treatment
After a diagnosis has been made, ANNs may be used to improve 
treatment plans in ways that even trained medical professionals 
cannot; as early as fifteen years ago, artificial intelligence was 
shown to predict relapse in bladder cancer with an accuracy rate of 
88-95%, a level which is significantly more reliable than standard
logistic regression techniques (Catto et al., 2003). A systematic
review published in 2006 concluded that out of 27 clinical and
randomized control trials involving ANNs in cancer research, 21
exhibited increased benefit from using the technology, and none
presented any decreased benefit (Lisboa & Taktak, 2006). These
methodologies are effective because they can model the nonlinear
relationships that are necessary for an accurate prognosis, some-
thing that is cannot be done by the standard statistical regression
techniques that were used previously (Abbod et al., 2007). In re-
cent years, the application of machine learning to cancer disease
modeling has become a fast-growing trend in research due to the
ability of AIs to decipher complex datasets for both disease recur-
rence and patient survival (Kourou et al., 2015). With increased
availability of public data, these techniques have the potential to
become even more useful. In another study, an ANN was used to
categorize women with cervical abnormalities, based on clini-
cal information, into one of three diagnostic categories – each of
which reflected a varying degree of severity –  in order to develop
a decision-support scoring system (Kyrgiou et al., 2016). Studies

such as this one reflect a current trend: as more research centers 
around individualized treatment plans, many of the strategies used 
to determine those plans may be assisted by ANN technologies.

An additional capability of ANNs, which may contribute to 
the creation of individualized treatment plans is their skill at pre-
dicting treatment outcomes. A study by Francis et al. (2015) ana-
lyzing post-op data from colorectal cancer surgery patients with a 
neural network yielded results compliant with standard regression 
methods and identified two factors behind readmission within the 
first thirty days after surgery. Another recent study using ANNs to 
model treatment outcome data for radiotherapy in cancer patients 
displayed computation advantages for ANN time-series modeling 
over traditional techniques with applications in quality assurance 
research (Li et al., 2016). One possible benefit of ANNs over re-
gressions in this area is that while complex statistical knowledge 
is necessary to run a proper regression, ANNs are easy to operate 
with little-to-no knowledge of their function, thus making it so 
more hospitals could take advantage of such technologies (Fran-
cis et al., 2015). Clearly, as research continues to progress in the 
intersection of medicine and technology, there is room for AI in 
predicting disease progression both before and after treatment - 
an initiative which has undeniably great clinical utility for cancer 
patients.

DISCUSSION
This review of research involving ANNs and cancer validates Mi-
crosoft’s claims that advancements in computer science will con-
tribute similar advancements to cancer research. Neural networks 
are one of many different computational techniques that may be 
applied to cancer diagnostics and treatment, and as more funding 
is now being awarded to computer science research through efforts 
such as that of Microsoft, it is entirely possible that the next cancer 
breakthrough may take place in a CPU instead of a test tube. Many 
of these advances could realistically be applied to research in other 
areas of medicine as well, as they represent a pragmatic approach 
to tackling increasingly complex research problems. In conclu-
sion, cancer research literature supports the claim that ANNs are 
effective tools in cancer diagnosis and treatment, and suggests that 
there is an expanding role for computer technologies in the future 
of medicine.
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