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Abstract
Motivation
Early cancer detection has always been a major research focus in solid
tumor oncology. Early tumor detection can theoretically result in lower stage

tumors, more treatable diseases and ultimately higher cure rates with less
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treatment-related morbidities. Protein mass spectrometry is a potentially
powerful tool for early cancer detection.

We propose a novel method for sample classification from protein mass
spectrometry data. When applied to spectra from both diseased and healthy
patients, the “peak probability contrast” technique provides a list of all com-
mon peaks among the spectra, their statistical significance, and their rela-
tive importance in discriminating between the two groups. We illustrate the
method on Matrix-assisted laser desorption and ionization (MALDI) mass
spectrometry data from a study of ovarian cancers.

Results

Compared to other statistical approaches for class prediction, the peak
probability contrast method performs as well or better than several meth-
ods that require the full spectra, rather than just labeled peaks. It is also
much more interpretable biologically. The peak probability contrast (PPC)
method is a potentially useful tool for sample classification from protein mass
spectrometry data.

Contact: tibs@stanford.edu

1 Introduction

Early cancer detection has always been a major research focus in solid tu-
mor oncology. Early tumor detection can theoretically result in lower stage
tumors, more treatable diseases and ultimately higher cure rates with less
treatment-related morbidities. Many screening approaches have therefore

been studied in solid cancers. Established screening tools for the early de-
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tection of cancer include mammography for breast cancer, colonoscopy for
colorectal cancer, PSA test for prostate cancer, and pap smear for cervix can-
cer (Smith et al. 2003). Imaging techniques such as chest X-ray and spiral
computed tomography are also used, but are limited to a tumor size detection
limit of 0.5-1.0cm (representing close to 109 cells) (Swenson et al. 2002).

Several serum markers have been identified through the years but, with
a few exceptions such as prostate specific antigen (PSA) for prostate cancers
and alpha fetal protein (AFP) for hepatocellular carcinomas, most have failed
general integration into general clinical practice (Hansen & Pedersen 1986).
Therefore, it is important to identify and to interpret new methods that
provide sensitive and reliable diagnostic markers for solid cancers.

Recent advancements in proteomics have yielded novel and promising
techniques to aid in biomarker identification (Hanash (2003), Petricoin et al.
(2002a)). One such advancement is the development of protein mass spec-
trometry and the ability to analyze complex samples using this technique.
SELDI-TOF (Surface Enhanced Laser Desorption/Ionization Time of Flight)
and MALDI (Matrix-assisted laser desorption and ionization) mass spectrom-
etry are the two most popular approaches presently employed for detecting
quantitative or qualitative changes in circulating serum or plasma proteins
in relation to a pathological state such as the presence of a solid tumor. Both
represent high throughput and highly sensitive proteomic approaches that al-
lows protein expression profiling of large sample sets (Hutchens & Yip (1993),
Merchant & Weinberger (2000)). Briefly, in SELDI, proteins of interest from
biologically complex samples bind selectively to chemically modified affinity

surfaces, with non-specifically bound impurities washed away. The retained
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sample is complexed with an energy-absorbing molecule, and analyzed by
laser desorption/ionization time-of-flight mass spectrometry, producing spec-
tra of mass/charge ratio (m/z).

MALDI is similar to SELDI except that it does not have the preselection
or enrichment steps for certain proteins in the sample mixture by allowing
fractionation based on prebinding to different surfaces or chemical coatings.
In MALDI, the samples are mixed with a crystal forming matrix, placed
on an inert metal target, and subjected to a pulsed laser beam to produce
gas phase ions that traverse a field-free flight tube and then are separated
by mass/charge ratio. There are theoretical advantages and disadvantages
for each of these two approaches; however both have been applied to cancer
detection in solid tumors with reported high sensitivity and specificity using
a variety of statistical analyses (Petricoin et al. (2002b), Li et al. (2002), Qu
et al. (2002), Rai et al. (2002), Adam et al. (2003), Yasui et al. (2003) and
Wu et al. (2003)).

In this paper we propose a novel algorithm for pattern classification from
protein spectra, and compare it to several other existing techniques. We
primarily focus on the comparison of two diagnostic classes (e.g. healthy
versus cancer), although our method can be generalized to more than two
classes (details are given in the Appendix).

Since are there are many possible approaches to this problem, it is im-

portant to discuss the desiderata for such a procedure:

1. Tt should focus on clearly detectable peaks in the spectra, at least for the
initial analysis. While there may well be discriminative information in

other parts of the spectra, peaks are more likely to represent isolatable
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proteins, protein fragments or peptides

2. The method should account for the variation in the m/z location and
heights of the same biological peak in different spectra. The source of
this variation may be biological or technical (i.e. due to properties of

the mass spectrometer).
3. It should give some measure of discriminatory power for all peaks.

4. If possible, the sample classification rule should use the peak informa-
tion in a relatively simple way and provide a method for filtering out

the less significant peaks.

Point 3 can be important in the following scenario: suppose that other re-
searchers, studying the same disease, find a potentially important peak at a
certain m/z value. You would want to be able to assess the importance of
that peak (or a nearby peak) in your data, and hence need an evaluation of

all peaks found in your data.

2 Methods

2.1 Sample description

The ovarian cancer dataset was analyzed in Wu et al. (2003), and was pro-
vided by the authors. It consists of MALDI-MS spectra generated from a
Micromass MALDI-R instrument on pre-treatment serum samples of 89 sub-

jects, consisting of 42 non-cancer controls and 47 ovarian cancer patients.


























































































