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Background: Epidemiology has demonstrated that plasma free fatty acids (FFAs) can prevent the development of cancer. Our study sought to evaluate the relationship between plasma (FFA) levels and cervical cancer.
Methods: In recent years, metabolomics-based approaches have been recognized as an emerging tool, so we examined the plasma FFA profiles of 114 patients with cervical cancer and 151 healthy people using liquid chromatography-tandem mass spectrometry (LC-MS/MS) methods.
Results: The data results were analyzed by multifactorial binary logistic regression analysis, and it was found that palmitic acid, docosahexaenoic acid (DHA), and total ω-3 fatty acids were negatively correlated with the risk of cervical cancer; whereas tetracosanoic acid was positively correlated with the risk of cervical cancer (OR, 1.026; 95% CI, 1.013–1.040; p < 0.001). Dynamic follow-up of 40 cervical cancer patients who successfully completed CCRT revealed that most fatty acid levels tended to increase after the end of treatment, except for palmitic and stearic acid levels, which were lower than before treatment.
Conclusion: Plasma FFA profiles were altered in cervical cancer patients, which may be related to abnormal fatty acid metabolism in cervical cancer. The described changes in fatty acid profiles during CCRT may be related to the good functioning of CCRT. Further studies on plasma FFA composition and its changes due to CCRT in patients with cervical cancer are warranted.
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1 INTRODUCTION
Currently, cervical cancer (CC) is the fourth most common cancer in women worldwide, after breast, lung, and colorectal cancers. According to Global Cancer Statistics 2020, there are 604,127 new cases of cervical cancer, and 341,831 women die from cervical cancer each year (Sung et al., 2021). Due to the lack of early specific clinical manifestations, it is very difficult to detect CC at an early stage, so once cervical cancer is detected, most of them are in advanced stages, missing the best opportunity for radical surgery. Currently, the standard treatment for locally advanced cervical cancer is concurrent chemoradiotherapy (CCRT), but despite treatment, the 5-year disease-free survival rate and overall survival rate are only 50%–70% (Mayadev et al., 2022), especially in metastatic recurrent cervical cancer, and the clinical benefit of CCRT is not very obvious (Mileshkin et al., 2023). HPV DNA testing is promising for the diagnosis of cervical cancer, and the sensitivity of HPV testing using DNA microarrays for the detection of HSIL or carcinoma is significantly better than the sensitivity of cytologic diagnosis (83.6%), but the high cost likewise limits its availability (Shi et al., 2011). Therefore, there is an urgent need to discover a novel screening method for the early diagnosis of cervical cancer that is highly specific, sensitive, inexpensive, and noninvasive.
Reprogramming of cellular energy metabolism is increasingly recognized as a hallmark of cancer (Pavlova and Thompson, 2016), and the Warburg effect is the most well-known metabolic perturbation in carcinogenesis, but the initial assumptions of these findings were not sufficient to explain tumorigenesis, so tumor metabolism was on the margins of cancer research for a long time, yet many signaling pathways affected by the tumor microenvironment and genetic mutations have profound core metabolic effects, making metabolic reprogramming of wide interest again (Cairns et al., 2011). A growing number of literature have shown that FA metabolic reprogramming plays an extremely vital role in tumorigenesis, progression and metastasis (Butler et al., 2020; Snaebjornsson et al., 2020). FFAs, which are substrates for lipid synthesis as well as a major source of energy for the body, can better explain physiological processes and disease mechanisms. When metastatic patients with multiple cancers were stratified by nutritional status, and patients received fish oil (high-dose ω-3 polyunsaturated fatty acids) daily until death, it was ultimately found that malnourished cancer patients had reduced production of tumor necrosis factor in their bodies and all had significantly higher mean survival rates (Gogos et al., 1998). Wang et al. found that non-small-cell lung cancer patients had markedly lower levels of serum eicosapentaenoic acid (EPA) and DHA than the healthy population, and the concentrations tended to decrease gradually with the progression of lung cancer (Wang et al., 2023c). Specific FFAs provide unique insights into biomarkers and therapeutic targets for cancer. To date, most studies in cervical cancer have focused on enhanced de novo fatty acid synthesis in cancer cells (Zhang et al., 2020; Du et al., 2022), however, as fatty acid synthase, a key enzyme in fatty acid synthesis, it can only be readily examined in resected tumor specimens, and thus its not a promising screening tool, but its metabolites (fatty acids) be examined readily in the bloodstream. Previous studies suggest that the fatty acid profile of tumor patients may be different from that of the healthy population, and this difference may be used as a new diagnostic tool for cancer if it can be evaluated in detail (Wang et al., 2023c). However, the kinetics of fatty acid metabolism in patients with cervical cancer remain largely unknown, and further studies are necessary to explore the relationship between plasma FFA levels and cervical cancer and to determine whether FFAs can be used as a new marker for cervical cancer diagnosis.
Metabolomics dynamically describes the metabolic state of an organism. As a downstream of genomics, transcriptomics, and proteomics, metabolomics is well positioned to assess the environmental effects and end products along the path of gene expression (Claudino et al., 2007). A metabolomics study using CBDInanoESI-FTICRMS found that DHA levels were significantly lower in breast cancer patients than in the healthy population and showed excellent diagnostic capabilities (Zhang et al., 2014). Recently, liquid chromatography-tandem mass spectrometry (LC-MS/MS) has been shown to identify products of cellular biochemical reactions that promote cell proliferation in various malignancies. It has been successfully applied for biomarker discovery in tumors, Chen et al. identified tryptophan, indoleamine 2,3-dioxygenase 1 and kynurenine as potential therapeutic targets for esophageal squamous carcinoma by LC-MS/MS (Chen et al., 2020). Metabolomics has also been applied to plasma metabolomics for the diagnosis of cervical cancer. Miso et al. used global lipid profiling with ultraperformance liquid chromatography/quadrupole time-of-flight MS (UPLC−QTOF−MS) and found significant differences in plasma phospholipids between cervical cancer patients and healthy control patients, with phosphatidylcholine levels significantly lower in CIN2/3 and cervical cancer patients than in healthy controls and CIN1 patients (Nam et al., 2021).
Lipidomics is a branch of metabolomics that uses mass spectrometry (MS) in combination with chromatography and other analytical techniques to identify, analyze, and quantify lipid components extracted from biological samples Lipidomic approaches have been widely used to identify diagnostic biomarkers and to study the pathogenesis of various cancers (Claudino et al., 2007). However, few studies have focused on the changes in lipids in the plasma of cervical cancer patients, while very few investigations have examined the effects of tumor radiotherapy or chemotherapy on plasma lipid profiles, and the results have been inconsistent (Murphy et al., 2012; Shaikh et al., 2017). Therefore, the main aim of our present study was to clarify the differences in plasma FFA profiles between cervical cancer patients and healthy subjects using LC-MS/MS, and the second aim was to validate the changes in the FA profiles of cervical cancer patients in the period during CCRT.
2 MATERIALS AND METHODS
2.1 Study population
Cervical cancer patients (N = 114) who attended the Department of Oncology Radiotherapy of the Second Affiliated Hospital of Dalian Medical University between October 2018 and December 2021 were included, and informed consent was obtained before sample collection. According to the inclusion and exclusion criteria, the diagnosis of CC had to be confirmed by pathology and there was no history of a second cancer other than cervical cancer. All patients received platinum-based synchronized chemotherapy. We collected blood samples before starting synchronized radiotherapy, and at the end of the treatment, blood samples were collected from the same female cervical cancer patients as post treatment patients. Female cervical cancer patients who received radiotherapy at other hospitals and continued treatment at the Second Affiliated Hospital of Dalian Medical University were excluded from the study. Patients who stopped radiotherapy for any reason or had other serious complications due to radiotherapy were excluded from the study. Epidemiological and clinical data were collected from all patients, including age, tumor pathology type, tumor stage, tumor size, and lymph node metastasis. The control group (N = 151) was recruited from patients attending our ophthalmology and acute abdominal surgery department with disease types such as sudden deafness, refractive error, and appendicitis, and each patient had no history of malignancy. Patients with severe hepatic and renal diseases, autoimmune diseases, and cardiovascular diseases were excluded. This study was approved by the Ethics Committee of the second affiliated Hospital of Dalian Medical University.
2.2 Blood sampling
Early morning fasting blood was collected and studies have reported that, the activity of metabolites in blood is greatly reduced after more than 4 h (Liu et al., 2018), Therefore, an anticoagulant tube containing ethylenediaminetetraacetic acid (EDTA) was used and the samples were centrifuged and separated into off-white periplasm and plasma within 4 h. The plasma samples were collected and stored at −80°C for analysis by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Plasma samples were then collected and immediately stored at −80°C for liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis. The detailed steps and methods have been described in detail by our team previously (Qin et al., 2022).
2.3 LC-MS/MS analysis
LC-MS/MS was performed using AB SCIEX Triple TOF 5600 and Eksigent LC100. The FFA standards were obtained from Elysian, MN. An internal script was used for FFA C19:0. Isopropyl alcohol, water, and formic acid acetonitrile were purchased from Fluka. Ten milliliters of internal standard solution was mixed with 200 mL of water and 20 mL of sample and rotated for 10 s. C19:0 was added to a certain number of analytical sample mixtures as an internal standard, and then the samples containing the internal standard were analyzed via chromatography. The peak area and relative correction factor of each component in the internal standard and sample were determined, and the percentage of the component to be measured in the sample was calculated. The electrospray ionization source in negative model was used as the ion source for mass spectrometry. The ion spray voltage was 4.5 Kv, the source temperature was 500°C, the curtain gas pressure was set to 30 psi, and the ion source gases 1 and 2 were set to 50 and 50 psi respectively. The performance of the assays was evaluated through tertiary quality control, where the controlled samples were treated as real samples and calibrated samples were prepared using 23 low, medium and high-level FA standards.
2.4 Statistical analysis
Data were analyzed using SPSS 26.0. Frequencies and percentages of categorical variables were generated using univariate analysis. Normally distributed data were examined for normality of continuous variables using independent samples t-test, Shapiro-Wilk test and the values obtained were expressed as the mean ± standard deviation. The Mann–Whitney U test was used for non-normally distributed data and the values obtained were expressed as medians (P25, P75). Categorical variables will be analyzed by the chi-square test and the distribution of data positive also will be verified using the Kolmogorov-Smirnov test. Significant results from univariate analyses will be included in binary logistic regression, and stepwise regression will be used for multifactorial analysis of risk factors for cervical cancer. Pearson’s correlation will be used to evaluate the potential relationship between tumor size and FFAs. Receiver operative characteristic (ROC) curve was constructed, and the diagnostic value of different risk factors was evaluated according to the area under the curve (AUC) values. The p-value of <0.05 was considered significant.
3 RESULTS
3.1 Study participant characteristics
The baseline clinical characteristics of cervical cancer patients and healthy controls are shown in Table 1. No statistically significant differences were found between the two groups in age, hypertension, or history of diabetes. Of the 114 cervical cancer patients included, 108 (94.7%) had squamous cervical cancer and 6 (5.3%) had adenocarcinoma. There were 16 cases (14%) of early stage (I-IIA) cancer and 98 cases (86%) of advanced stage (IIB-IVB) cancer. The maximum diameter of the tumor was ≤4 cm in 31 cases (27.2%) and >4 cm in 83 cases (72.8%); the lymph nodes were negative in 77 cases (67.5%) and positive in 37 cases (32.5%).
TABLE 1 | Basic demographic and clinical data of the patients with cervical cancer and controls.
[image: Table 1]3.2 Differences in FFAs and lipids between patients with cervical cancer and healthy controls
In the Mann–Whitney U test, cervical cancer patients had higher levels of Capric acid (C10: 0; p = 0.171) and similar levels of lauric acid (C12: 0; p = 0.723) compared to healthy controls, but none of the differences were statistically significant; myristic acid (C14: 0; p = 0.014), myristoleic acid (C14: 1; p = 0.014), palmitic acid (C16: 0; p < 0.001), palmitoleic acid (C16: 1; p = 0.002), stearic acid (C18: 0; p = 0.005), linolenic acid (ALA; C18: 3; p = 0.012), linoleic acid (C18: 2; p = 0.004), oleic acid (C18: 1; p = 0.001), arachidonic acid (ARA; C20: 4; p = 0.002), eicosapentaenoic acid (EPA; C20:5; p < 0.001), eicosadienoic acid (C20:2; p = 0.012), eicosenoic acid (C20:1; p < 0.001), docosapentaenoic acid (C22:5; p < 0.001), docosahexaenoic acid (DHA; C22:6; p < 0.001), cervical cancer group was significantly lower than that of the healthy control group; arachidic acid (C20:0; p = 0.020), behenic acid (C22:0; p = 0.002), and tetracosanoic acid (C24:0; p = 0.003), cervical cancer group was markedly lower than that of the healthy group the difference was statistically significant; eicosatrienoic acid (C20:3; p = 0.062), docosatetraenoioc acid (C22:4; p = 0.218), erucic acid (C22:1; p = 0.766), and nervonic acid (C24:1; p = 0.362) differences were not statistically significant. All lipid differences between the two groups were statistically significant (Table 2).
TABLE 2 | Relevant plasma free fatty acids in the patients with cervical cancer and controls (nmol/mL).
[image: Table 2]3.3 Association of FFAs and lipid classes with cervical cancer
We included all significant results from the univariate analyses in the multivariate binary logistic regression and analyzed them using the stepwise forward method. Among FFAs, palmitic acid (p = 0.015) and DHA (p < 0.001) were both negatively associated with cervical cancer; tetracosanoic acid (p < 0.001) was positively associated with cervical cancer (Table 3). All of the lipids were statistically significant in the univariate analyses, whereas in the multivariate analyses only the total ω-3 FAs (p < 0.001) were significantly reduced (Table 4).
TABLE 3 | Multivariate analysis of the plasma free fatty acids in the patients with cervical cancer and controls.
[image: Table 3]TABLE 4 | Multivariate analysis of the plasma lipid in the patients with cervical cancer and controls.
[image: Table 4]3.4 Relationships between clinicopathological data and the level of plasma FFAs in cervical cancer patients
Statistical analysis revealed that palmitic acid (p = 0.013), docosahexaenoic acid (p = 0.006) and total ω-3 FAs (p < 0.001) levels were significantly correlated with older age. Moreover, there were no significant differences in the levels of plasma free fatty acids among the different pathological types, tumor stages, or lymph node metastases. When the tumor diameter was ≥4 cm/or <4 cm, the difference in the tetracosanoic acid level was statistically significant (p = 0.039) (Table 5).
TABLE 5 | Relationships between clinicopathological data and the level of plasma FFAs in 114 cervical cancer patients (nmol/mL).
[image: Table 5]3.5 Correlation of cervical tumor size with significant FFAs and lipids
Pearson correlation showed that neither palmitic acid, tetracosanoic acid nor total ω-3 FAs were correlated with tumor size, and tumor size was negatively correlated with docosahexaenoic acid. The parameter was DHA: r = −0.190, p = 0.043 (Table 6) and Figure 1.
TABLE 6 | Correlations between tumor size and significant fatty acids and lipid classes.
[image: Table 6][image: Figure 1]FIGURE 1 | Abbreviations: C22:6 = DHA = Docosahexaenoic acid. The DHA was negatively correlated with tumor size (r = −0.190, p = 0.043).
3.6 Predictive values of FFAs and lipid classes for cervical cancer
Figure 2 ROC curve evaluation of the predictive value of four important parameters for cervical cancer patients. We included DHA, palmitic acid, tetracosanoic acid, and total ω-3 FAs in the model, and the differences were statistically significant after nonparametric tests and logistic regression analysis. Palmitic and wood tar acids achieved smaller AUC of 0.692 and 0.605, respectively; whereas DHA and the total ω-3 FAs achieved comparatively superior AUC of 0.821 and 0.875, respectively. The AUC value increased to 0.902 when combining all four for diagnosis, p < 0.05, which was a statistically significant difference (Table 7) and Figure 2.
[image: Figure 2]FIGURE 2 | ROC differentiation between cervical cancer patients and healthy controls. The AUC value of C16:0, C22:6, C24:0, ω-3 FAs and combine was 0.692, 0.875, 0.606, 0.821 and 0.902, respectively.
TABLE 7 | ROC curve output results.
[image: Table 7]3.7 Changes in plasma free fatty acid composition after concurrent chemoradiotherapy
There is a paucity of literature on the effect of CCRT on plasma FFA profiles. In our study, we followed 40 cervical cancer patients who had successfully completed CCRT and had their blood drawn again for testing after the completion of therapy. We observed that most of the FFA levels in cervical cancer patients after CCRT tended to increase, and the levels of palmitic acid and stearic acid were lower than those before therapy, but the results were not statistically significant. Myristoleic acid (p = 0.011), oleic acid (p = 0.007), arachidonic acid (p = 0.017), eicosadienoic acid (p = 0.017), DHA (p = 0.024), behenic acid (p = 0.026), nervonic acid (p = 0.002), tetracosanoic acid (p = 0.021), total polyunsaturated fatty acids (PUFAs) (p = 0.022), and total monounsaturated fatty acids (p = 0.006) levels were significantly higher compared to pretreatment (Table 8).
TABLE 8 | Changes of plasma free fatty acids of cervical cancer patients during CCRT (nmol/mL).
[image: Table 8]4 DISCUSSION
In the present study, we found significant alterations in lipid metabolism in patients with cervical cancer. Our study model found that the vast majority of plasma FFAs were reduced in cervical cancer patients. The fact that different types of fatty acids have different or even diametrically opposed outcomes on cancer development is widely accepted. We found that in a very early in vitro experiment, lipids were extracted from the cervical tissues of 36 normal cervixes, 47 cases of intraepithelial neoplasia, and 47 cases of cervical cancer patients, and FFAs in the cervical tissues were measured by gas chromatography (GLC) analysis. We found that the tissues of patients with cervical cancer were severely deficient in essential FFAs, and in particular, the levels of linoleic and arachidonic acids were significantly reduced, p < 0.01 (Engelbrecht et al., 1998). Again, this is consistent with the unifactorial results of our study, suggesting that essential fatty acid deficiency is prevalent in the development of cervical cancer, prolonged damage to the cervix is also another factor contributing to the development of cervical cancer, during which the inflammatory response that occurs leads to excessive superoxide production and thus stimulates lipid peroxidation, resulting in the depletion of essential fatty acids (Engelbrecht et al., 1998; Louw et al., 1998). However, this experiment also found significantly elevated levels of oleic acid in cervical cancer tissues, suggesting that high levels of oleic acid may promote cervical carcinogenesis through the activation of PKC (Engelbrecht et al., 1998), which is contrary to the results of our experiments and may be because tissue and plasma FFA levels in patients with cervical cancer are not exactly equivalent. At the same time, it has also been shown that dietary oleic acid promotes tumorigenesis and is associated with poor prognosis in xenograft models (Yang et al., 2018). However, in a recent encouraging experiment, Muhammad’s team demonstrated that exogenous supplementation of oleic and linoleic acids during radiotherapy for cervical cancer resulted in a significant increase in the protein levels of p53 and PPARγ in tumors, that tumors in a mouse transplantation model were delayed in the radiotherapy plus exogenous oleic acid supplementation group compared with the radiotherapy alone group, and that a sustained regression of the tumors was obtained, supporting that oleic acid enhances the radiosensitivity of cervical tumors, and likewise demonstrates that radiation therapy can further induce metabolic reprogramming in cervical cancer (Muhammad et al., 2022), which has heretofore been thought to be closely related to glycolysis (Rashmi et al., 2018).
However, after further stepwise regression of these fatty acids, only palmitic acid, DHA, and total ω-3 FFAs were connected with a reduced risk of cervical cancer, and only tetracosanoic acid was associated with an increased risk. However, tetracosanoic acid has rarely been found to play a role in cancer, and we regret that this result cannot be interpreted specifically. Palmitic acid, one of the most common saturated fatty acids, which is both obtained through food and synthesized in the body, accounts for approximately 20%–30% of total fatty acids (Carta et al., 2017). It has been shown that palmitic acid has a particular antitumor effect in malignant tumors such as CC, hepatocellular carcinoma, and intestinal cancer and has achieved a certain degree of therapeutic efficacy (Wang et al., 2023a). In recent years, the regulation of autophagy has received much attention in relation to cancer development and treatment (Yamazaki et al., 2021), Ulva intestinalis and Ulva lactuca have been shown to induce autophagic cell death in SiHa cells by up-regulating the expression of Bax and p53 and downregulating the expression of Bcl2, and they also reduced the expression of the viral oncogene HPV-E6 by 1.8 to 2-fold. Both algae were characterized and analyzed by GC-MS, and the main active component of both was palmitic acid (Pal et al., 2021; Wang et al., 2023a). However, Gu et al. found that berberine can cause substantial antiproliferative effects on the cervical cancer cell line HeLa by inhibiting intracellular fatty acid synthesis through the activation of AMPK, thereby decreasing the activity of acetyl coenzyme a carboxylase, and exogenous supplementation with palmitic acid rescued this inhibitory effect (Gu et al., 2020). Palmitic acid seems to be slightly paradoxical in terms of cancer therapy, probably because the effects of palmitic acid vary according to the specific types of different cancer cells, and more research is needed to demonstrate the specific mechanisms by which palmitic acid affects different types of tumors. It is well known that ω-3 PUFAs, including ALA, EPA, DPA, and DHA. Among them, DHA, due to the presence of 22 carbon atoms and 6 double bonds, is commonly found in mammalian tissues as the least saturated and longest fatty acid of the family, and studies have reported that each of the ω-3 polyunsaturated fatty acids have shown promising anticancer effects (Wang et al., 2023b). Wang et al. determined the concentrations of EPA and DHA in serum samples from 211 patients with NSCLC and 227 healthy controls using LC-MS/MS and found that serum EPA and DHA were significantly reduced in patients with NSCLC (Wang et al., 2023c). Our data in univariate analysis showed that all their values were lower than those of the healthy population and were statistically significant, which is highly consistent with our findings. However, after multifactorial regression analysis, only DHA and total ω-3 FAs remained statistically significant and negatively associated with cervical cancer. Zhang et al. similarly found that docosahexaenoic acid levels in patients with early-stage colorectal and breast cancers were significantly lower than those in healthy populations and demonstrated excellent diagnostic ability (Zhang et al., 2014; Zhang et al., 2016). The experiment by Shi et al. included 680 colorectal cancer patients and 680 sex-and age-matched healthy subjects. Multivariate logistic regression after adjusting for confounders demonstrated that linolenic acid, DPA, DHA, and total ω-3 PUFAs were negatively associated with the odds of colorectal cancer in the Chinese population (Shi et al., 2023), and the same meta-analysis also showed that DHA is a protective factor for the colorectum when high dietary intake is present (Lu et al., 2023).
Our results showed that ω-3 PUFAs levels were lower in the cervical cancer patient group than in the healthy population. Why are low ω-3 PUFAs levels associated with cervical cancer? DHA and EPA are the main components of ω-3 PUFAs, and EPA and DHA have unique and similar mechanisms of action in numerous chronic diseases and cancers (Serini et al., 2011). Sangeetha et al. found that ω-3 PUFAs could have cytotoxic effects on HeLa cervical cancer cells, with the following potency: DHA>EPA>linolenic acid>linoleic acid>arachidonic acid, and had cytotoxic effects on both vincristine-resistant and vincristine-sensitized cervical cancer cells in vitro, which was attributed to the fact that ω-3 PUFAs increased lipid peroxidation and lipid free radicals in tumor cells. Lipid peroxidation and free radical production in cells, can be effectively blocked by antioxidants (Madhavi and Das, 1994). Kai et al. evaluated the effect of DHA on iron death in cervical (HeLa) and colorectal (HT-29) cell lines by MTT and LDH release assays, and verified that exogenous addition of DHA was positively correlated with susceptibility to ferroptosis (Shan et al., 2022). We conclude that ω-3 PUFA may presumably exert antitumor effects in three ways: by altering cell membrane receptor function and cell membrane fluidity, by modulating COX activity, and by increasing the production of oxidation products (Serini et al., 2011).
Here, we also found an interesting phenomenon. Based on the results of multifactorial analysis, Pearson’s correlation analysis showed that only DHA was negatively correlated with tumor size, r = −0.190, p = 0.043; we speculated that tumor size might be related to DHA depletion, a phenomenon that has been similarly found in colorectal cancer (Reddy, 2004; Wang et al., 2015). However, there are very few studies of this kind, and in the future we need more studies to prove them.
In our study, the effect of CCRT on free fatty acids was further investigated. Few studies have previously reported the effect of radiotherapy on the plasma free fatty acid profile. Before and after CCRT, we readily found significant differences in the plasma FFA profiles of cervical cancer patients. Most of the FFA levels in cervical cancer patients after the end of treatment showed an upward trend, and palmitic acid and stearic acid levels were lower than those before treatment, but none of the results were statistically significant. As early as 2011, Murphy’s team demonstrated that plasma PUFAs and saturated fatty acids (arachidonic acid, linoleic acid, EPA, and DHA) were dramatically lower in patients with advanced lung cancer (p < 0.05), and interestingly, longitudinal analyses showed that the fatty acid levels of linoleic acid and stearic acid gradually decreased and the levels of DHA gradually decreased in patients who had discontinued chemotherapy due to disease progression or chemotherapeutic intolerance, while those of linoleic acid and stearic acid showed no statistically significant differences. of docosahexaenoic acid, palmitic acid, and ω-3 PUFA also tended to decrease. Comparatively, the fatty acid levels of advanced lung cancer patients who had successfully completed chemotherapy tended to stabilize after chemotherapy and 1 month after chemotherapy, and these results suggest that the loss of fatty acids is gradual, generalized, and may be affected by chemotherapy (Murphy et al., 2012). We were surprised to find that DHA (p = 0.024) and total PUFAs (p = 0.022) levels were significantly elevated after CCRT, a phenomenon that has been similarly demonstrated recently in breast and esophageal squamous carcinoma (Zemanova et al., 2016; Shaikh et al., 2017). A study has shown that DHA significantly enhances the sensitivity of breast tumors to radiation therapy, due to its high unsaturation making it more readily available for incorporation into cell membranes, which in turn may affect their sensitivity to radiation. Whereas this effect can be inhibited by vitamin E, it is at least partially believed that lipid peroxidation can cause the efficacy associated with radiation therapy (Colas et al., 2004). Similarly, a prospective study examined the role of DHA in patients receiving anthracycline-based chemotherapy as metastatic breast cancer, with each patient receiving 1.8 g of DHA per day, resulting in a significantly higher median time to progression (8.7 months vs. 3.5 months), (p = 0.02) and median survival time (34 months vs. 18 months), (p = 0.07) in the high DHA group than in the low DHA group. The addition of DHA did not further increase the cardiotoxicity of anthracyclines or improve the prognosis of patients with metastatic breast cancer (Bougnoux et al., 2009). Interestingly, DHA in combination with chemotherapeutic agents also showed excellent therapeutic effects in drug-resistant cervical cancer (Xie et al., 2020). A randomized, triple-blind clinical trial demonstrated that ω-3 PUFAs supplementation significantly improved toxic side effects during radiotherapy in patients with cervical cancer (Aredes et al., 2019).
In our study, we first determined the FFA profiles of patients with cervical cancer and identified fatty acid biomarkers in cervical cancer patients based on a metabolomics approach, emphasizing the need for further studies to elucidate their mechanisms of action. These data point to dietary PUFAs as a selective adjuvant antitumor agent that can effectively complement pharmacological approaches. Additionally, plasma FFA profiles were significantly altered in cervical cancer patients after CCRT, and we conclude that CCRT can affect fatty acid metabolic reprogramming in cervical cancer patients. This study also has several limitations. First, the sample size of the study was not large enough, so caution must be taken when extrapolating our findings to a larger group of individuals with cervical cancer. In the later stage, we will also expand the sample size and use multicenter data as much as possible to provide the necessary validation of our results. Further cellular and animal experiments to explore the relationship between fatty acids and cervical cancer are also necessary. Secondly, we regret that we have not explained our results from the mechanism.
5 CONCLUSION
Here, our findings validate previous studies by other researchers and confirm that plasma FFAs can be a promising metabolic biomarker in the development of cervical cancer. In addition, our study identified some new candidate biomarkers that increased the combined AUC value of palmitic, DHA, tetracosanoic acid, and total ω-3 FAs to 0.902, which has a good ability to differentiate between patients with cervical cancer and controls, and that CCRT is accompanied by an increase in plasma levels of DHA and total ω-3 PUFAs. In summary, regarding the cancerogenesis and progression of these factors of importance, the described changes in FA profiles during CCRT may be related to the good functioning of CCRT. Further prospective cohort studies are needed to confirm our findings.
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