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Abstract
Background: Although many studies have demonstrated that plasma metabolic phenotyping allows discriminating 

between cancer patients and controls, it remains unclear whether different cancer types elicit distinguishable metabolic 
signatures. Therefore, the present study was designed to examine whether metabolic phenotyping of blood plasma by 
proton nuclear magnetic resonance spectroscopy allows to discriminate between 37 colorectal cancer, 37 breast cancer 
and 37 lung cancer patients.

Material and methods: Plasma proton nuclear magnetic resonance spectra were rationally divided into 110 
integration regions defined on the basis of spiking experiments with known metabolites. The normalized integration 
values of these 110 regions, which represent the metabolic phenotype, were used as statistical variables to construct a 
classification model which enables to discriminate between the three aforementioned cancer types. 

Results: The resulting model allows to classify 78% of the colorectal cancer patients, 95% of the breast cancer 
patients and 84% of the lung cancer patients correctly. 

Conclusion: This preliminary feasibility study provides strong indications that the plasma metabolic phenotype has 
potential to become a complementary diagnostic tool to differentiate between cancer types in addition to known general 
cancer biomarkers. 

Keywords: Colorectal cancer; Breast cancer; Lung cancer; Metabolic 
phenotype; Blood plasma; 1H-NMR spectroscopy
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Introduction
It is widely accepted that cancer cells exhibit a major reprogramming 

of their energy metabolism in order to fulfill the high metabolic demands 
that are associated with increased cell proliferation and survival [1]. 
Because the metabolic alterations in cancer cells provoke changes in 
the metabolic phenotype of the patient, metabolites might serve as 
attractive biomarkers for facilitating the diagnosis of cancer. Complex 
mixtures of metabolites in biofluids, such as plasma, serum or urine, 
can be mined for diagnostic biomarkers by means of the metabolomics 
approach. This discipline represents a relatively new ‘omics’ science 
downstream of genomics, transcriptomics and proteomics that 
uses an analytical platform in conjunction with multivariate pattern 
recognition approaches in order to discover and monitor metabolic 
changes in patient biospecimens related to disease status or in response 
to a medical or external intervention [2]. Since metabolites are the end 
products of all cellular regulatory processes, their levels can be regarded 
as the ultimate response of biological systems to genetic, biological 
and/or environmental perturbations [3]. More specifically, alterations 
in the concentrations of metabolites are the net result of epigenetic 
changes, genetic variation and changes in the activity and/or levels 
of enzymes [4]. The metabolome, i.e. the complete set of metabolites 
present in the human body, is therefore the most closely related to the 

observed phenotype and provides the most accurate representation of 
the functional status of the patient when compared with the genome, 
transcriptome and proteome [5]. Consequently, metabolomics holds 
great promise for early cancer detection as the concentrations of 
metabolites are sensitive to subtle changes in the pathological status of 
the patient, such as the early onset of tumor growth [6].

One of the main analytical tools that is commonly used in 
metabolomics to identify and quantify a wide range of metabolites in 
biological samples is proton nuclear magnetic resonance (1H-NMR) 
spectroscopy. This technique only requires minimal sample 
preparation, needs no chemical derivatization, can be easily automated 
and is fast, non-destructive, highly reproducible and relatively cheap 
on a per sample basis, making it a promising platform for performing 
high-throughput diagnostic analyses on a large scale [5,7]. In the past 
decade, a growing interest in the diagnostic utility of 1H-NMR-based 
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metabolomics of blood plasma has emerged in the field of oncology, 
and various studies have already established the potential of this 
methodology to detect various cancer types [8,9]. However, since 
the majority of these studies only compared the plasma metabolic 
phenotype of cancer patients with that of controls, it remains unclear 
whether different tumors share the same metabolic perturbations or 
whether certain metabolic alterations are specific for certain cancer 
types. Recently, we have demonstrated that metabolic phenotyping 
of plasma by 1H-NMR spectroscopy allows to discriminate between 
breast cancer and lung cancer, classifying 99% of 80 female breast 
cancer patients and 93% of 54 female lung cancer patients correctly. 
These results were successfully validated in an independent cohort 
in which 82% of 60 female breast cancer patients and 89% of 81 male 
lung cancer patients were correctly classified [10]. In order to further 
explore the ability of the plasma metabolic phenotype to differentiate 
between cancer types, the present study aims to investigate whether 
1H-NMR-based metabolomics of plasma allows to discriminate 
between colorectal cancer, breast cancer and lung cancer. 

Material and Methods
Subjects

Thirty-seven colorectal cancer patients and an equal number of 
breast cancer and lung cancer patients, all with an adenocarcinoma, 
were randomly selected in order to construct a classification model 
which permits to discriminate between the different cancer types based 
on the metabolic phenotype of blood plasma. The colorectal cancer 
patients were included in the Limburg Positron Emission Tomography 
(PET) Center (Hasselt, Belgium), at the Gastroenterology Department 
of Ziekenhuis Oost-Limburg (ZOL, Campus Sint-Jan, Genk, Belgium) 
and in the Center for Specialized Medicine (Reumacentrum, Genk, 
Belgium). The diagnosis of colorectal adenocarcinoma was confirmed 
by histopathological examination of biopsies taken during endoscopy. 
The lung cancer patients were recruited in the Limburg PET center 
and the diagnosis of lung adenocarcinoma was confirmed by means 
of a pathological biopsy or by a medical doctor specialized in the 
interpretation of radiological and clinical data regarding lung cancer. 
The stage of both the colorectal and lung tumors was defined according 
to the 7th edition of the tumor, nodes and metastases classification of 
malignant tumors. The breast cancer patients were included at the 
day of primary surgery at the Gynaecology Department of ZOL. The 
diagnosis of breast adenocarcinoma was confirmed by a core needle 
biopsy and the stage of the tumors was defined by the revised staging 
system for breast cancer [11]. For each group of cancer patients, blood 
samples were collected prior to surgery, chemotherapy or any other 
cancer treatment. In addition, blood collection and sample preparation 
were performed according to a fixed protocol and by trained staff. 
Furthermore, for each group, the following exclusion criteria were 
defined: 1) Poorly controlled diabetes (fasting blood glucose ≥200 
mg/dL); 2) Any inflammatory condition; 3) Any other cancer type 
besides colorectal cancer, breast cancer or lung cancer; 4) History or 
treatment of cancer during the past five years; 5) Medication intake on 
the morning of blood sampling; and 6) No fasting for at least six hours 
prior to blood sampling. All procedures were conducted in accordance 
with the ethical rules of the Helsinki declaration and Good Clinical 
Practice and the study protocols were approved by the Medical Ethics 
Committees of ZOL and Hasselt University (Campus Diepenbeek, 
Hasselt, Belgium). All participants provided written informed consent 
prior to their inclusion. The studies in which the patients were 
enrolled are registered at clinicaltrials.gov (trial registration numbers: 
NCT02364154 and NCT02362776).

Sample collection, sample preparation and 1H-NMR analysis

Detailed protocols regarding blood sample collection, sample 
preparation and 1H-NMR analysis have been previously described 
elsewhere [10].

Statistical analysis

Multivariate statistics were performed using SIMCA-P+ (version 
14.0, Umetrics, Umea, Sweden). After the 1H-NMR-derived variables 
had been subjected to mean centering and Pareto scaling, Orthogonal 
Partial Least Squares Discriminant Analysis (OPLS-DA) was performed 
to construct a classification model which discriminates between the 
colorectal cancer, breast cancer and lung cancer patients based on 
their metabolic phenotype [12]. The validity of the established model 
was evaluated based on 1) the total amount of variation between and 
within the three groups explained by the model (denoted as R2Y(cum) 
and R2X(cum), respectively) and 2) the predictive ability of the model 
as determined by sevenfold cross-validation (denoted as Q2(cum)). 
Furthermore, permutation testing was performed to ensure that the 
discrimination between the three cancer types was not due to overfitting 
of the data. Additionally, Principal Component Analysis (PCA) was 
carried out to identify possible confounding effects of age, gender, 
Body Mass Index (BMI) or tumor stage on group discrimination.

Results and Discussion
Subject characteristics

The demographical and clinical characteristics of the colorectal 
cancer, breast cancer and lung cancer patients are displayed in 
Table 1. All breast cancer patients were female, while the majority of 
colorectal cancer (70%) and lung cancer patients (57%) were male. 
However, PCA revealed that there was no apparent clustering with 
respect to gender in the entire patient cohort, indicating that the 
discrepancy in gender among the three different groups of cancer 
patients is not a confounding factor (Figure 1A). Additionally, there 
were no clusters observed when PCA score plots of the entire patient 
cohort were stained according to age, BMI or tumor stage, thereby 
confirming that none of these factors have a confounding effect on 
the discrimination between colorectal cancer, breast cancer and 
lung cancer patients (Figures 1B-1D). 

Discrimination between colorectal cancer, breast cancer and 
lung cancer based on the plasma metabolic phenotype 

The OPLS-DA model that was established to discriminate 
between the three groups of cancer patients allows to classify 29 out 
of 37 colorectal cancer patients (78%), 35 out of 37 breast cancer 
patients (95%) and 31 out of 37 lung cancer patients (84%) correctly 
(R2X(cum): 0.875 and R2Y(cum): 0.561) (Figure 2A). The predictive 
ability of the model is relatively high (Q2(cum)=0.387), indicating 
that the discrimination between the three cancer types based on the 
metabolic phenotype is valid. The validity of the OPLS-DA model 
was also confirmed by permutation testing, which demonstrated that 
the R2(cum) and Q2(cum) values of the actual model are higher than 
those of twenty permuted models (Figure 2B). Although the number 
of subjects included in this study is still limited, these results strongly 
suggest that colorectal cancer, breast cancer and lung cancer patients 
display different metabolic alterations in blood plasma, independent 
of tumor stage. 

In conclusion, the present study demonstrates that metabolic 
phenotyping of plasma by 1H-NMR spectroscopy allows to discriminate 
between the three most common cancer types worldwide, i.e., lung 
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Colorectal cancer patients Breast cancer patients Lung cancer patients

Demographical characteristics

Number of subjects, n 37 37 37

                                    Gender

Male, n (%) 26 (70) 0 (0) 21 (57)

Female, n (%) 11 (30) 37 (100) 16 (43)

Age (years, range) 65 ± 10 (45-86) 57 ± 10 (42-78) 65 ± 10 (43-88)

                               Smoking status

Active smoker, n (%) 4 (11) 8 (22) 18 (49)

Quit smoking >6 months, n (%) 20 (54) 0 (0) 16 (43)

Never smoked, n (%) 10 (27) 0 (0) 3 (8)

Unknown, n (%) 3 (8) 29 (78) 0 (0)

Clinical characteristics

BMI (kg/m2, range) 26.9 ± 4.5  
(21.4-40.8)

25.7 ± 3.1  
(20.2-35.4)

25.6 ± 4.8 
(17.0-35.8)

                               Tumor laterality

Right, n (%) - 16 (43) 23 (62)

Left, n (%) - 19 (51) 12 (32)

Bilateral, n (%) - 2 (6) 0 (0)

Unknown, n (%) - 0 (0) 2 (6)

                               Tumor locationa

Cecum, n (%) 4 (10) - -

Ascending colon, n (%) 1 (2) - -

Hepatic flexure, n (%) 2 (5) - -

Descending colon, n (%) 1 (2) - -

Sigmoid colon, n (%) 9 (23) - -

Rectosigmoid junction, n (%) 7 (18) - -

Rectum, n (%) 16 (40) - -

                                Tumor stagea,b

0, n (%) 1 (2) 0 (0) 0 (0)

I, n (%) 10 (25) 22 (56) 8 (21)

II, n (%) 8 (20) 16 (41) 4 (11)

III, n (%) 13 (33) 1 (3) 11 (30)

IV, n (%) 6 (15) 0 (0) 14 (38)

Unknown, n (%) 2 (5) 0 (0) 0 (0)

                        Tumor histopathologya,b

Adenocarcinoma, n (%) 40 (100) 39 (100) 37 (100)

                        Tumor receptor statusb

                            Estrogen receptor

Positive, n (%) - 33 (85) -

Negative, n (%) - 6 (15) -

                        Progesterone receptor

Positive, n (%) - 30 (77) -

Negative, n (%) - 9 (23) -

                                      HER2

Positive, n (%) - 3 (8) -

Negative, n (%) - 36 (92) -

Data are presented as mean ± standard deviation and range. aThree out of thirty-seven colorectal cancer patients had two primary tumors simultaneously, giving rise to a 
total number of forty colorectal tumors. bTwo out of thirty-seven breast cancer patients had two primary tumors simultaneously, rendering the total number of breast tumors 
at thirty-nine. HER2: Human Epidermal Growth Factor Receptor 2

Table 1: Demographical and clinical characteristics of the colorectal cancer, breast cancer and lung cancer patients.
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Figure 1: Search for possible confounding factors in the discrimination between colorectal cancer, breast cancer and lung cancer based on the metabolic phenotype 
of blood plasma determined by 1H-NMR spectroscopy. PCA score plots of the entire patient cohort stained according to A) gender, B) age, C) BMI, and D) tumor stage; 
PC: Principal Component.

Figure 2: Discrimination between colorectal cancer, breast cancer and lung cancer based on the 1H-NMR-derived metabolic phenotype of blood plasma. A) OPLS-DA 
score plot discriminating between 37 colorectal cancer patients and an equal number of breast cancer and lung cancer patients, all with an adenocarcinoma, based on 
their metabolic phenotype. The model has two predictive components, which describe the variation between the three groups, and five orthogonal components, which 
display the variation within the different groups. B) Permutation plot comparing the goodness of fit of the constructed OPLS-DA model with that of twenty permuted 
models. The vertical axis displays the R2(cum) and Q2(cum) values of the actual model and the permuted models, while the horizontal axis shows how well each model 
is correlated with the actual model. The R2(cum) and Q2(cum) values of the actual model are located at the right, whereas those of the permuted models are located at 
the left. R2(cum) denotes the variation explained by the model, while Q2(cum) is the predictive ability of the model as determined by sevenfold cross-validation.
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cancer, breast cancer and colorectal cancer, respectively. Although 
it has already been demonstrated for several types of malignancies 
that cancer patients can be differentiated from controls on the basis 
of their plasma metabolic phenotype, the present study indicates 
that, in addition, different cancer types display distinct metabolic 
characteristics rather than a general cancer metabolome. Keeping in 
mind that the sample size in this study is still somewhat limited and 
an independent validation study should be performed, the promising 
results of this study offer additional incentives to further investigate 
the diagnostic utility of 1H-NMR-based metabolomics of plasma for 
different cancer types. 
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