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ABSTRACT

The aim of this review was to analyze the accumulated data on the use of mass spectrometry in diagnosing, 
treating, and prognosing cancer from the perspective of precision medicine.

Currently, universally accepted methods for early cancer diagnosis are not available, primarily due to low 
molecular specificity of pathological changes at early stages of cancer development. Additionally, the existing 
diagnostic modalities are notably limited in sensitivity. However, early detection is imperative for selection of the 
most suitable cancer treatment strategy and its successful implementation.

In the realm of oncology, mass spectrometry approaches show great potential for advancement and utilization. Mass 
spectrometry is becoming an indispensable tool in basic and applied research due to its sensitivity, specificity, and 
accuracy. It allows for efficient analysis of complex biological compounds, even at low concentrations. Moreover, 
contemporary mass spectrometry technology is capable of automating the analysis, thereby facilitating its diverse 
clinical applications in diagnosis, drug therapy selection, and even potential assistance to surgical oncologists in 
the operating room.

Considering all these characteristics and advantages, mass spectrometry methods for the analysis of biological 
samples can be defined as some of the most promising and dynamically developing tools in precision medicine, 
as they are capable of providing clinically valuable information based on omics technologies, taking into account 
personal characteristics of the patient.

Over the next decade, introduction of mass spectrometry-based methods into clinical practice based on the principles 
of precision medicine is expected to optimize selection of personalized treatment strategies for cancer patients and 
provide significant economic benefits by reducing morbidity, disability, and mortality.

This comprehensive review presents the analysis of 65 scientific publications, highlighting the results of clinical 
and experimental studies utilizing mass spectrometry methods for diagnosing cancer, investigating the underlying 
mechanisms of disease development, and evaluating the efficacy of therapeutic interventions. The review 
encompasses original articles published from January 1, 2018 to November 30, 2023.

The majority of studies back the potential of mass spectrometry as a valuable tool for cancer diagnosis and treatment 
monitoring. Broadening application of mass spectrometry techniques in the field of oncology holds significant 
promise and represents a relevant area for future research.
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РЕЗЮМЕ

Цель исследования – анализ накопленных данных о применении методов масс-спектрометрии в диагности-
ке, лечении и прогнозировании течения онкологических заболеваний с позиций прецизионной медицины. 

На сегодняшний день не существует общепризнанных методов ранней диагностики рака, так как патологи-
ческие изменения на начальных стадиях развития обладают низкой молекулярной специфичностью, а су-
ществующие методы известны своей ограниченной чувствительностью. Однако именно возможность как 
можно более ранней диагностики является важным, если не определяющим, фактором адекватного выбора 
стратегии терапии онкологических заболеваний и ее успешного применения. 

В этом контексте высокотехнологические подходы к профилированию молекулярного ландшафта тканей, 
использующие в своей основе метод масс-спектрометрии, имеют большой потенциал к развитию и приме-
нению в области онкологии. Современная масс-спектрометрия становится незаменимым инструментом в 
проведении фундаментальных и прикладных исследований за счет своей чувствительности, специфично-
сти и точности, обеспечивающим эффективный анализ сложных биологических соединений даже в незна-
чительных концентрациях. Важным свойством современных масс-спектрометрических технологий являет-
ся возможность автоматизации аналитического процесса, что открывает перспективы широкого внедрения 
в клиническую практику на этапах постановки диагноза, выбора стратегии лекарственной терапии и даже 
сопровождения работы хирурга-онколога в операционной.

С учетом всех приведенных выше характеристик и преимуществ масс-спектрометрические методы анализа 
биологических образцов можно определить как один из наиболее перспективных и динамически развива-
ющихся инструментов прецизионной медицины вследствие их способности на базе омиксных технологий 
предоставить клинически ценную информацию с учетом персональных особенностей пациента. 

В ближайшее десятилетие можно ожидать, что внедрение методов, основанных на технологии масс-спек-
трометрии, в клиническую практику, стоящую на принципах прецизионной медицины, приведет к опти-
мизации процесса определения индивидуальных стратегий лечения онкологических больных и принесет 
значительный экономический эффект за счет снижения заболеваемости, инвалидности и смертности. 

В настоящей обзорной статье представлен анализ 65 научных публикаций, посвященных результатам 
клинических и экспериментальных исследований, в которых методы масс-спектрометрического анализа 
применялись для диагностики онкологических заболеваний, выяснения механизмов их развития и оценки 
эффективности терапевтических воздействий. Обзор включает оригинальные статьи, опубликованные в 
период с 1 января 2018 г. по 30 ноября 2023 г.

Большинство исследований подтверждают, что масс-спектрометрия является перспективным инструмен-
том в онкологической диагностике и мониторинге эффективности лечения. Расширение использования 
методов масс-спектрометрии в онкологии имеет большой потенциал и является актуальной задачей для 
дальнейших исследований.

Ключевые слова: масс-спектрометрическое исследование, масс-спектрометрия, молекулярное профили-
рование, рак, опухолевой процесс, канцерогенез, низкомолекулярные метаболиты

Бюллетень сибирской медицины. 2024; 23 (2): 162–182



164

Конфликт интересов. Авторы декларируют отсутствие явных и потенциальных конфликтов интересов, 
связанных с содержанием настоящей статьи.

Источник финансирования. Исследование выполнено при финансовой поддержке РНФ в рамках научно-
го проекта «Новые подходы валидации результатов молекулярного профилирования патологических изме-
нений тканей на основе данных молекулярного профилирования, полученных при исследовании биопсии 
и аутопсии» № 23-69-10035. 

Для цитирования: Хмелевская Е.С., Перина Е.А., Буйко Е.Е., Уфандеев А.А., Кайдаш О.А., Иванов В.В., 
Байков А.Н., Парочкина Е.В., Удут Е.В. Прецизионная медицина в онкологии: роль и перспективы 
масс-спектрометрии. Бюллетень сибирской медицины. 2024;23(2):162–182. https://doi.org/10.20538/1682-
0363-2024-2-162-182.

__________________________

Bulletin of Siberian Medicine. 2024; 23 (2): 162–182

Khmelevskaya E.S., Perina E.A., Buyko E.E. et al. Precision medicine in oncology: role and prospects of mass spectrometry

INTRODUCTION

World Health Organization (WHO) mortality data 
up to 2023 report that cancer is one of the leading 
causes of death around the world. In 2020, cancer 
caused the death of almost 10 million people, which 
means that one in six people died from cancer. The 
most common causes of cancer death in 2020 were 
lung cancer, colon and rectal cancer, liver cancer, 
stomach cancer, and breast cancer [1]. In countries 
where healthcare systems are effective, survival 
rates for many forms of cancer are increasing due to 
widespread availability of early diagnosis, quality 
treatment, and care for cancer patients [2]. Every year 
in the world, about 10 million new cancer diagnoses 
are made, which accounts for about 30% of the world 
population [3].

As early diagnosis improves disease prognosis, 
the discovery of sensitive biomarkers associated 
with carcinogenesis through precision medicine 
has become a priority in cancer research. The use 
of sensitive methods and the implementation of 
specific biomarkers for the treatment of cancer 
into clinical practice will allow early therapy to 
improve survival and preserve the quality of life  
of patients.  

An innovative approach in healthcare is to 
understand the unique characteristics of each patient 
and apply this information to diagnosis, prevention, 
and treatment. Precision medicine makes it possible 
to more accurately determine the risk of developing 
diseases, select the most effective diagnostic methods, 
and provide personalized treatment recommendations. 
Precision medicine has the potential to significantly 
improve health outcomes, reduce unwanted side 
effects, and optimize healthcare costs. However, its 
widespread implementation requires joint efforts in 
the field of scientific research, development of new 

technologies, and ethical issues related to the use of 
personal patient data.

The concept of precision medicine is aimed at 
effective diagnosis and prescription of drugs taking 
into account the genotype. Metabolomics allows to 
combine the phenotypic characteristics and genotype 
of a particular person. Technologies for studying 
the molecular landscape using chromatography 
– mass spectrometry are used to search for 
molecular markers that may be associated with the 
development of tumors and their growth, which 
allows for differential diagnosis and verification 
of tumor diseases, predicting the effectiveness of 
proposed therapeutic strategies and monitoring the 
chosen treatment.

Oncogenesis is accompanied by global changes 
in the metabolic state, affecting both tumor tissues 
and the micro- and macroenvironment [1]. Advances 
in metabolomics make it possible to measure a wide 
range of cellular metabolites, providing an approach 
to identifying specific changes associated with 
tumor transformation of cells. Compared to genomic 
and proteomic changes, metabolic changes can be 
directly observed in relation to tumor cell states and 
are therefore a promising source of biomarkers for 
identifying cancer. 

Differences in metabolomic expression can be 
used to monitor disease progression and search 
for promising therapeutic approaches. Empirical 
switching between drugs in search of the desired one 
with a satisfactory therapeutic response and the lowest 
toxicity profile is not ideal clinical practice. Thus, the 
search for biomarkers that provide an insight into 
the pathophysiology of the disease should help in 
personalizing diagnosis and stratifying treatment. In 
addition, mass spectrometry-based metabolomics has 
high potential for detecting molecular signatures of 
human diseases, and, ideally, the detected biomarkers 
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can be validated for use in routine clinical practice. 
The value of using high-throughput technologies, 
such as metabolomics, is the ability to develop 
predictive panels of biomarkers that can be used to 
identify patients who are less likely to benefit from 
therapy because they are at risk of developing adverse 
complications.

Mass spectrometry-based metabolomics 
provides an insight into molecular events occurring 
in a patient’s cancerous tumor and in normal 
tissues. Metabolic reprogramming is considered 
as a hallmark of cancer that contributes to disease 
progression [4]. The differential metabolic demands 
of rapidly proliferating malignant cells compared 
to their non-transformed counterparts suggest that 
targeting metabolism may be a potential strategy for 
developing new cancer treatments [4]. A key step in 
developing new therapeutic approaches that exploit 
metabolic vulnerabilities is identifying metabolic 
changes that are relevant to a specific malignancy.

Changes in metabolites during tumorigenesis and 
standardization of data analysis have shown that 
mass spectrometry can be an effective tool for use in 
cancer epidemiology and translational research.

The aim of this review was to analyze the 
accumulated clinical data on the use of mass 
spectrometry in diagnosing, treating, and prognosing 
cancer from the perspective of precision medicine.

METHODS
The analysis of scientific publications of clinical 

trials and experimental studies was carried out in 
the PubMed electronic search system. The review 
includes original articles published from January 1, 
2018 to November 30, 2023. 

The query for searching for English-language 
publications included the words: mass spectrometry 
and (((cancer) or (tumors)) and (molecular profiling)). 
We identified 1,995 publications in English. At 
the first stage, articles were selected whose titles 
mentioned mass spectrometry methods in oncology, 
while review-type and duplicate publications were 
excluded. At the second stage, the abstracts of the 
publications were analyzed, and works where studies 
were performed on cell cultures or animal models 
were excluded. At the third stage, articles with full-
text access were selected, resulting in a detailed 
analysis of 65 publications containing data on modern 
original research in the field of oncogenesis and 
molecular profiling. Description of the studies (type 

of biological material, methodological approach, 
study characteristics) is presented in Table.

RESULTS
Following the analysis, we can note a significant 

spread of molecular profiling methods in clinical 
practice. Research conducted in this area concerns 
various types of cancer, such as colorectal cancer, 
non-small cell lung cancer, gastric adenocarcinoma, 
prostate cancer, breast cancer, etc.

The results of the literature review indicate 
a significant contribution of molecular profiling 
methods to the study of cancer and their clinical 
application. In the discussion section, we reviewed 
several of the most interesting articles from those 
devoted to the use of mass spectrometry methods in 
oncology. The articles we selected are only part of 
the extensive work of researchers in this field and 
are a valuable contribution to the development of 
oncology and practical medicine.

Using mass spectrometry to identify biomarkers 
of tumorigenesis

During tumorigenesis, extensive changes in the 
metabolic state occur, which affect not only tumor 
tissues, but also their micro- and macroenvironment. 
Advances in metabolomics make it possible to 
measure a wide range of metabolites, allowing for the 
identification of specific metabolic changes associated 
with tumor processes. Cancer is a multifactorial 
disease, and understanding its basis requires not 
only an analysis of genetic predisposition, but also 
phenotypic characteristics of the body. 

In recent decades, medical research has actively 
studied non-invasive cancer screening methods 
based on the analysis of biological material, with 
special attention paid to identifying early stages 
of the disease. Some types of cancer, such as 
pancreatic cancer, do not show specific symptoms, 
making it difficult to diagnose early stages using 
conventional screening methods [51]. Pancreatic 
ductal adenocarcinoma (PDAC), which accounts 
for 90% of pancreatic cancers, is most often 
diagnosed at an advanced stage, resulting in the 
worst 5-year survival rate (7%) among all cancers. 
An international team of researchers from the Czech 
Republic, Germany, and Singapore have developed 
a lipidomic profiling approach to detect pancreatic 
cancer. The sensitivity and specificity of the 
method are more than 90%, which is superior to the  
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Khmelevskaya E.S., Perina E.A., Buyko E.E. et al. Precision medicine in oncology: role and prospects of mass spectrometry
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existing marker glycoprotein CA 19-9, especially at 
an early stage. 

A colorectal cancer study [50] developed a 
diagnostic panel including eight serum metabolites 
associated with the gut microbiome to predict 
colorectal cancer and colorectal adenoma, which 
showed high performance and specificity values in 
targeted and untargeted metabolomic analyses. 

A study on bladder cancer [53] considered the use 
of mass spectrometry of urine to search for metabolites 
containing carbonyl groups for diagnosis. The work 
identified nine potential biomarkers that can be used 
as a non-invasive and less expensive alternative to 
traditional cystoscopy.

Mass spectrometry-based techniques and 
approaches can be an invaluable tool in the operating 
room as they allow for a rapid analysis of biological 
materials. Differentiation of cancerous and healthy 
tissues, as well as tumor classification based on 
its histologic and molecular features using rapid 
evaporative ionization mass spectrometry (REIMS) 
is shown in the article [26]. This method is based 
on the analysis of aerosols generated when tissue is 
cut with an electrocautery blade or other instruments 
and then sent to a mass spectrometer. This tool, also 
known as the smart knife (iKnife), has been widely 
used in the surgical differentiation of healthy and 
cancerous tissues [59]. 

The possibility of using ambient mass spectrometry 
to assess the percentage of tumor cells in the tissues 
of glial brain tumors is presented in the article [35]: 
a quick and accurate assessment of the percentage 
of tumor cells in clinical practice and neurosurgery 
plays an important role for diagnosis and surgical 
intervention. The researchers trained the system 
to estimate the percentage of tumor cells with an 
accuracy of about 90% using a cassette embedding 
method, which allows for samples to be analyzed 
without preliminary preparation and machine 
learning methods. The use of such techniques can 
automate routine tissue screening and tumor cell 
percentage assessment, speeding up estimation of 
tumor cell percentage during neurosurgery.

In cancer research, mass spectrometry-based 
proteomic approaches are used to initially identify 
potential new prognostic, diagnostic or therapeutic 
markers, opening new opportunities for subsequent 
research. The ability to conduct proteomic studies on 
formalin-fixed and paraffin-embedded tissues [10, 
12, 23] provided an opportunity for retrospective 

proteomic studies on selective cohorts with long-
term follow-up.

Biological materials obtained during autopsies of 
patients with cancer are of great interest for research 
because they provide an adequate assessment of the 
quality of clinical diagnosis and contribute to the 
development of optimized approaches to therapy 
[71]. Implementation into clinical practice of 
advanced methods for assessing protein expression 
and conducting advanced translational multi-
omics studies allows for the most comprehensive 
understanding of the pathogenetic processes in 
cancers associated with changes in the molecular, 
metabolic, and genetic landscapes [72]. 

Using mass spectrometry to determine  
the treatment strategy and evaluate therapy 
effectiveness

Patients with cancer undergo clinical staging, 
which influences the choice of optimal treatment 
and prognosis of the disease. Treatment options 
may include various combinations: follow-up, 
surgery, and / or radiation therapy. Thus, initial 
risk stratification in patients with carcinogenesis is 
important to achieve optimal therapeutic results and 
maintain the quality of life. Predictive biomarkers 
of a risk of complications or late effects of treatment 
are needed for clinical decisions on treatment 
selection.

A proteomic study of 116 melanoma tumors found 
that the response to immunotherapy was associated 
with enriched mitochondrial lipid metabolism. 
High levels of mitochondrial metabolism resulted 
in increased antigen presentation and interferon 
signaling. In addition, knockout of genes associated 
with beta oxidation reduced the sensitivity of 
melanoma to T cell killing. These results indicate 
an important role of mitochondrial lipid metabolism 
in response to immunotherapy and may have 
implications for the development of new treatment 
strategies for melanoma.

The results of a study by scientists from the USA 
and Turkey indicate an association of metabolic 
pathways of purines, pyrimidines, nitrogen, and 
porphyrins with radiosensitivity or radioresistance 
[20]. The work involved metabolomic profiling of 
patients with prostate cancer who underwent radiation 
therapy, which is important for identifying their new 
metabolomic status and assessing the consequences 
of radiation. It was shown that bilirubin can be used 
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as a reference value for prostate cancer patients 
receiving radiotherapy, as its level may be associated 
with treatment-induced liver toxicity. The change 
in the porphyrin pathway and its associations with 
bilirubin and phosphoric acid during radiation therapy 
are of particular interest. This may have practical 
implications in selecting optimal treatment strategies 
and monitoring the effectiveness of radiation therapy 
in patients with this type of cancer.

A study [16] assessing the role of patient 
plasma extracellular vesicles for early diagnosis of 
glioblastoma and as a prognostic tool for optimal 
clinical management showed that extracellular 
vesicle concentrations were increased in plasma of 
glioblastoma patients compared to healthy controls. 
After tumor resection, a decrease in the number of 
extracellular vesicles to the level of healthy people 
was observed. During relapse, an increase in the 
number of extracellular vesicles in plasma was 
revealed.  

A team of scientists using high-resolution mass 
spectrometry-based proteomic profiling identified 
molecular subtypes of esophageal cancer [36]. The 
study performed a proteomic analysis of 124 paired 
esophageal cancer tumors and corresponding adjacent 
healthy tissues. The proteomic analysis revealed a 
catalog of proteins, phosphosites, and pathways that 
are dysregulated in esophageal cancer. Proteomic 
molecular subtyping identified two cancer subtypes 
associated with patient survival. In addition, several 
promising drugs specific to the malignant subtype of 
esophageal cancer were predicted and tested, which 
may open new treatment prospects.

An interesting approach, including the use of 
proteomic methods in patients with prostate cancer, 
is the combined use of mass spectrometry and 
immunohistochemistry methods aimed at differential 
separation of non-metastatic and metastatic primary 
tumors and detection of metastases in lymph nodes 
[12]. One of the serious problems that specialists 
faced when assessing the risk and prognosis of 
prostate cancer was the inability to use standard 
prognostic schemes (prostate-specific antigen 
(PSA) concentration, Gleason / ISUP score, etc.) 
for accurate prediction of the biological course 
and metastatic potential of the tumor process [12]. 
The approach proposed by the authors [12] made 
it possible to compare the proteomic composition 
of tissues affected by various prostate tumors (non-
metastatic primary, metastatic primary, secondary) 

with each other, with healthy prostate tissue or with 
benign hyperplasia. The results showed that zones 
of prostate cancer have measurable and significantly 
different biological markers compared to healthy 
tissue and also demonstrated several proteins that 
are likely to be involved in the tumorigenesis of 
differentially various tumors [12].

Using mass spectrometry in basic cancer 
research

Mass spectrometry-based methods are also 
used in basic research to search for molecular 
mechanisms of oncogenesis. Using this powerful 
tool in tandem with proteomic analysis enables 
to study protein characteristics on a large scale, 
including their expression levels, specific post-
translational modifications, and protein – protein 
interactions. All this allows for the most complete 
understanding of the factors initiating carcinogenesis 
and cellular metabolism in oncology at the protein 
level. Quantitative proteomics makes significant 
contributions to the fundamental understanding of 
the molecular pathogenesis of cancer, providing 
researchers with comprehensive information about 
protein interactions and signaling pathways, altered 
metabolites and gene regulation in cancer cells. The 
above is also true for lipidomic, metabolomic, and 
glycomic analysis methods.

Indeed, many studies published in recent years 
provide important insights into cancer biology. 
Thus, recent work has substantiated the relationship 
between the occurrence and progression of colorectal 
cancer and the specific effects of the lipid environment 
[50]. It is important to note that the authors took into 
account the already known relationship between 
colorectal cancer, diet, metabolic disorders, and gut 
microbiome status. 

When studying brain tumors, it was shown 
that primary glioblastomas, as well as those 
developed from astrocytomas, are enriched with 
mono- and diunsaturated phosphatidylcholines, 
while the content of saturated and polyunsaturated 
phosphatidylcholines and phosphatidylethanolamines 
decreases. These changes are apparently associated 
with the availability of polyunsaturated fatty acids 
and the activation of de novo lipid synthesis and beta-
oxidation pathways under anaerobic conditions in the 
tumor center [75].

Other studies have carried out a detailed study 
of the significance of lipid markers that are valid 
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for subtyping non-small cell lung cancer regardless 
of tissue morphology and immunohistochemical 
markers [69], the role of aberrant glycosylation 
in tumorigenesis [54], and the contribution of 
low-molecular-weight metabolites (initiators, 
intermediates and products of various biochemical 
reactions) to the development of tumors [61]. 
Although all of the above advances relate primarily 
to the basic cancer research, in the future, these and 
other discoveries will allow for the identification of 
new cancer biomarkers and lead to the development 
of new therapeutic strategies.

Summarizing the results of modern research 
aimed at studying the possibility of using mass 
spectrometry for diagnosing and predicting the 
course of cancer from the perspective of precision 
medicine, we can say that the use of omics research 
methods based on mass spectrometry in oncology 
is of great fundamental and practical importance. 
Metabolomics studies are aimed at identifying and 
quantitative (or semi-quantitative) assessment of 
metabolites of different classes, understanding their 
nature and mechanisms of formation. Understanding 
the molecular biology of tumors is important for the 
discovery of new biomarkers of the tumor process, as 
well as for early detection or subtyping of the tumor. 
Expanding the use of mass spectrometry-based 
methods in oncology will help increase the clinical 
value of biomarkers and find specific metabolites for 
various cancers, which is a key point in the search 
for new therapeutic targets, and will contribute to 
the development of new pathogenetically grounded 
preventive measures and recommendations for the 
clinical management of cancer patients.

CONCLUSION
Cancers are some of the most serious problems of 

modern healthcare [76, 77]. Despite some progress 
in the diagnosis and development of approaches to 
treatment and prognosis of cancer in recent years, 
there is still an urgent need for the discovery of new 
cancer biomarkers. Efforts in this direction have 
been made using various approaches, including new 
high-tech and knowledge-intensive methods, such 
as genomics, transcriptomics, metabolomics, and 
proteomics [78]. 

Identification of molecules of interest and total 
screening of the molecular landscape in these methods 
is carried out using mass spectrometry, which has 
come a long way in recent decades, and today is a 

powerful technology thanks to the unprecedented 
level of sensitivity and specificity of the analysis, 
which is used in clinical practice for analyzing 
biological samples. 

While nucleic acid-based methods of analysis 
have the advantage of amplification potential, but lack 
the “effector” component, omics technologies and 
proteomics, in particular, are considered to be more 
relevant in the context of application in oncology, 
since the proteome is directly involved in the 
implementation of biological effects [79]. Detection 
of quantitative and / or qualitative modifications of 
proteins characterized by low abundance in biological 
samples requires the use of highly sensitive and 
specific analytical methods. Liquid chromatography 
in tandem with mass spectrometry is the most widely 
used method for comprehensive protein identification 
and quantification.

The use of mass spectrometry in oncology 
research is not limited to the proteomic analysis and 
affects other areas of omics research (lipidomics [80], 
metabolomics [81], glycomics [82]).

Following the literature review, it was found 
that many publications of recent years describe 
various approaches and technologies for using mass 
spectrometry for analyzing biological samples. Mass 
spectrometry was initially used in clinical toxicology 
laboratories for specialized identification of target 
compounds (1950s) [78]. However, already in 1957, 
the development and use of a portable clinical mass 
spectrometer for direct, continuous quantitative 
analysis of four gases in patient’s exhaled breath 
was reported in assessing the function of external 
respiration [83]. 

With the development of new ionization sources 
and mass analyzers in the 1990s, mass spectrometry 
has made a transition from a complex analytical tool 
used almost exclusively by experienced scientists in 
research laboratories to a more robust and versatile 
technology suitable for a wide range of applications, 
including clinical ones [84, 85]. Finally, in recent 
years, mass spectrometry in combination with gas 
chromatography and liquid chromatography has 
become a routine clinical laboratory technology 
that can provide critical information about clinical 
samples [86]. The development of electrospray 
ionization (ESI) and matrix-assisted laser 
desorption ionization (MALDI) technologies 
has revolutionized the use of mass spectrometry, 
allowing researchers to study larger biological 
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molecules, such as glycoconjugates, proteins, and 
nucleic acids [87, 88]. The development of ESI 
has greatly facilitated the use of mass spectrometry 
in clinical analyzes of biological fluids, such as 
blood and urine [87], while the development of 
MALDI has led to advances in molecular imaging 
technologies for biological tissue sections for the 
diagnosis of cancer [88].

Ambient mass spectrometry-based methods, 
which do not involve chromatographic separation, are 
extremely promising due to their rapidity [89], while 
desorption electrospray ionization mass spectrometry 
(DESI-MS) allows for rapid imaging of biological 
tissues [90, 91].

The discovery of new cancer biomarkers has 
changed current practice in oncology [92, 93]. 
Tumor genome and transcriptome profiling are now 
established tools for the discovery of new biomarkers, 
but changes in proteome expression are more likely 
to reflect changes in tumor pathophysiology. Mass 
spectrometry is a powerful method that allows to 
carry out proteomic studies in personalized medicine, 
and the overlay of proteomic data on the results of 
genomic and transcriptomic studies allows us to 
move into the new field of proteogenomics, which 
demonstrates a growing potential in understanding 
cancer biology [94]. All this makes clinical proteomics 
and proteogenomics some of the most promising 
areas of molecular clinical research, including 
large-scale study of proteins, their expression, 
functions and structure, as well as application of the 
results obtained for the development of approaches 
to diagnosis, treatment, and monitoring of the 
effectiveness of cancer therapy. The implementation 
of all these methods is impossible without the use of 
mass spectrometry.

In the meantime, metabolomics is also one of 
the most promising omics technologies, which 
comprehensively analyzes low-molecular-weight 
molecules (metabolites) in biological systems [95, 
96]. Since metabolites are initiators, intermediates, 
and products of various biochemical reactions, 
significant metabolic changes most accurately 
reflect the physiological and pathological processes 
occurring in the human body, including the 
occurrence and development of cancer [97, 98]. 
Numerous studies have demonstrated the ability of 
mass spectrometry-based approaches for detecting 
the results of metabolomic profiling for cancer 
diagnosis to predict the effectiveness of proposed 

therapeutic strategies and quickly monitor the 
progress of treatment [61, 99].

Finally, the latest mass spectrometry-based 
methods can be an invaluable tool in the operating 
room, as they can quickly analyze biological 
materials while the oncologist is working, which 
will allow for adjustment of the surgical strategy 
[59]. Indeed, the ability to accurately differentiate 
between cancerous and healthy tissue within a 
short time, as well as to classify a tumor based on 
its histologic and molecular features is an extremely 
valuable tool when performing operations with 
cancer resection [101]. The most prominent 
representative of such approaches to the use of mass 
spectrometry in oncology is REIMS based on the 
analysis of aerosols generated when the tissue is cut 
with an electrocautery blade or another instrument 
and then placed in a mass spectrometer [102]. This 
tool, also known as the smart knife (iKnife), has 
been widely used in the surgical differentiation of 
healthy and cancerous tissues. [103]. The iKnife is 
not the only technology for rapid analysis of such 
small volumes of biological samples. Alternative 
methods include paper spray (PS) ionization and 
probe electrospray ionization (PESI), which involve 
ionization of selected analytes by applying high 
voltage to the probe, installed directly into the mass 
spectrometer [73, 74]. In the CBS-MS approach, 
analytes are extracted from a biological matrix using 
a specially designed sword-shaped probe coated with 
immobilized sorption particles. After extraction, 
the probe is inserted into the mass spectrometer 
interface, where a drop of desorption solvent is 
placed on the surface of the blade to release analytes, 
and high voltage is applied to ensure ionization and 
analysis of the extracted substances [104]. All of the 
described approaches, in addition to high accuracy 
and rapidity of the results obtained, allow for the 
standardization of diagnostic procedures, which is 
necessary for the use of these methods for precision 
medicine in clinical practice.

Therefore, mass spectrometry-based technologies 
are rapidly moving from laboratory to clinical use in 
the direct analysis of biological samples of tissues 
and body fluids. At the same time, there is parallel 
search for new ways of using them, which can have 
a significant positive impact on the development 
of approaches to the study of the pathogenetic 
features of carcinogenesis at the molecular level, 
as well as to the diagnosis and treatment of cancer 
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patients. It can be expected that in the next decade, 
mass spectrometry and technologies based on 
direct analysis of tissue samples will continue to 
be implemented into clinical practice and, after 
approval by regulatory authorities, will become 
routine methods in oncology.
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