

  jpm-13-01549




jpm-13-01549







J. Pers. Med. 2023, 13(11), 1549; doi:10.3390/jpm13111549




Article



Criteria and Non-Criteria Antiphospholipid Antibodies and Cancer in Patients with Involuntary Weight Loss



Simona Caraiola 1,2, Laura Voicu 2,*, Anda Baicus 1,3 and Cristian Baicus 1,2





1



Fifth Department-Internal Medicine (Cardiology, Gastroenterology, Hepatology, Rheumatology, Geriatrics), Family Medicine, Occupational Medicine, Faculty of Medicine, “Carol Davila” University of Medicine and Pharmacy, 050474 Bucharest, Romania






2



Internal Medicine Department, Colentina Clinical Hospital, 020125 Bucharest, Romania






3



Laboratory Department, The University Emergency Hospital, 050098 Bucharest, Romania









*



Correspondence: laura.voicu@rez.umfcd.ro







Citation: Caraiola, S.; Voicu, L.; Baicus, A.; Baicus, C. Criteria and Non-Criteria Antiphospholipid Antibodies and Cancer in Patients with Involuntary Weight Loss. J. Pers. Med. 2023, 13, 1549. https://doi.org/10.3390/jpm13111549



Academic Editor: Guido Gerken



Received: 25 September 2023 / Revised: 25 October 2023 / Accepted: 27 October 2023 / Published: 29 October 2023



Abstract

:

Cancer patients have higher prevalences of antiphospholipid antibodies (aPLs), occasionally associated with thrombotic events. A cross-sectional study regarding the presence of criteria (IgG/IgM anti-cardiolipin-aCL, anti-β2 glycoprotein I-aβ2GPI) and non-criteria (IgG/IgM anti-phosphatidylserine-aPS, anti-phosphatidylethanolamine-aPE, anti-prothrombin-aPT) aPLs in 146 patients with involuntary weight loss was performed. None of the patients had thrombotic events during the study. Out of the 36 cancer patients, 33 had non-hematologic malignancies. In the cancer subgroup, 60% of the patients had at least one positive aPL, with significantly more patients being positive for aβ2GPI IgG compared with the non-cancer subgroup—p = 0.03, OR = 2.23 (1.02–4.88). When evaluating the titres, aCL IgG/IgM, aβ2GPI IgG, aPE IgG, and aPS IgG had significantly higher values in cancer patients, the best cancer predictor being aβ2GPI IgG—AUC 0.642 (0.542–0.742). Gastrointestinal cancer patients were studied separately, and aCL IgM positivity was significantly higher—p = 0.008, OR = 6.69 (1.35–33.02). Both the titres of aCL IgM (p = 0.006) and aPS IgM (p = 0.03) were higher in the gastrointestinal cancer subgroup, with aCL IgM being the best predictor for gastrointestinal cancer development—AUC 0.808 (0.685–0.932). Despite criteria and non-criteria aPLs being frequent in cancer, their connection with thrombosis in these patients is probably dependent on other important risk factors and needs further research.
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1. Introduction


Antiphospholipid antibodies (aPLs) are autoantibodies mainly involved in the pathophysiology of the antiphospholipid syndrome (APS) [1]. The aPLs that can be found in the classification criteria of APS—namely the lupus anticoagulant (LAC), the anticardiolipin antibodies (aCL), and the anti-β2 glycoprotein I antibodies (aβ2GPI)—are generally known as “criteria aPLs” [2]. However, many other aPLs—such as anti-prothrombin antibodies (aPT), anti-phosphatidylethanolamine antibodies (aPE), and anti-phosphatidylserine antibodies (aPS)—have been described and are grouped under the name of “non-criteria aPLs”. Their role in the pathogenic mechanisms and diagnosis of APS is currently under debate [3].



The global incidence of malignancies has been remarkably increasing in the last years, and the expected number of cases in the next decades is far from negligible [4].



According to the available data, malignancy is responsible for 30% of the involuntary weight loss cases, while non-malignant or psychosocial disorders are other important possible etiologies [5,6,7]. In contrast, the percentage of cancer patients who experience unintentional weight loss can rise to over 80% in certain cancer types [8]. As unexplained weight reduction might represent a timely red flag for malignancy, taking into consideration a possible cancer diagnosis when evaluating these patients is essential [9].



It became a well-known fact that cancer patients have a higher frequency of thromboses when compared with the general population [10]. In addition, thrombosis, especially under the form of venous thromboembolism, represents one of the most important causes of mortality in patients diagnosed with malignancy [11]. The incidence of thrombotic events seems to be higher shortly before and after the diagnosis [12,13]. Pancreatic, lung, gastric, ovarian, or brain cancers seem to be associated with a higher risk of thrombosis than other cancer types. Increased age, comorbidities, or chemotherapy are found among the risk factors cited in the literature [12]. Radiotherapy, hormonal therapy, surgery, immobility, and the presence of central venous catheters are also recognized as thrombosis-risk-enhancing factors [13,14]. Dehydration caused by vomiting or diarrhea during chemotherapy, as well as blood transfusions, may supplementarily increase the risk of thrombosis in cancer patients.



Recent findings suggest a higher prevalence of aPLs in patients with malignancies, when compared with patients without cancer [15]. Although aPL positivity in malignancies can elevate the risk of thrombosis, their presence might as well remain asymptomatic. Increased levels of aPLs have been found in both hematologic and non-hematologic various types of cancer [15,16]. It has been shown that gastrointestinal cancer patients have a fivefold rise of aCL prevalence when compared with healthy controls. Some studies also highlight a significant increase in the presence of aCL in genitourinary or lung cancer patients. In regard to the presence of aβ2GPI or LAC, no statistically significant differences were detected between patients with diverse types of solid cancers and healthy controls [17]. Non-criteria aPLs seem to have a higher prevalence in uterine cancer patients compared to patients with non-malignant gynecological pathology. Therefore, aPL positivity could conceivably represent an augmentation factor for thrombosis in cancer [18]. Despite these findings, the utility of routine testing for aPLs in cancer patients still remains uncertain [16].



The topic of aPL production mechanisms in cancer is waiting to be elucidated by future research. Some hypotheses have so far been formulated. According to these, cancerous cells might be directly secreting aCL or monoclonal immunoglobulins with aCL or LAC activity. Another theory is that aPLs could be generated by the immune system as a reaction to tumor antigens [19]. Recent studies have highlighted the increased phospholipid synthesis by malignant cells, in order to sustain their accelerated cellular replication. These phospholipids represent targets for the aPLs [20]. Moreover, arguments have been formulated in support of a bidirectional relationship, suggesting that the presence of aPLs in cancer patients is not only a consequence of the tumoral process, but might also be involved in neoplastic growth. aPLs seem to augment tumoral angiogenesis and the progression of malignancy [19], and they might be a cancer risk factor, especially for hematologic malignancies [21].



According to the latest recommendations, in cancer patients who develop venous acute thromboses, the anticoagulant therapy is preferentially performed with non-vitamin K antagonist oral anticoagulants (NOAC) [22]. However, in cancer patients that associate APS, as in all patients diagnosed with APS, vitamin K antagonists (VKA) are the preferred anticoagulant therapy [23]. Therefore, in patients with malignancies associated with thrombosis, especially in the case of recurrence, testing for aPLs might be useful in the establishment of the therapeutic plan.



The aim of this research was to evaluate the presence of criteria and non-criteria aPLs in a group of patients presenting with involuntary weight loss of unknown etiology. Moreover, the study intended to compare the aPL profiles of patients who were eventually diagnosed with cancer to the ones of the patients with non-malignant diagnoses.




2. Materials and Methods


The conducted study had a cross-sectional design. Consecutive patients admitted into the Internal Medicine Department of Colentina Clinical Hospital for involuntary weight loss of unknown etiology were prospectively enrolled.



Only patients 18 years old or older were recruited. An unintentional decrease of at least 5% of body weight in the six previous months was a mandatory inclusion criterium. For the patients in whom the exact amount of lost weight could not be documented, a 5-point Likert scale (“very much”, “much”, “average”, “little”, “not at all”) was used to estimate weight reduction. Only patients declaring to be “very much” or “much” affected were included. In addition, the weight loss estimated by the Likert scale had to be confirmed either by a clothing size change or by the reiteration of a relative. Patients with voluntary body weight decrease were excluded, along with patients who had a known diagnosis leading to weight loss.



The participating physicians were allowed to establish a personalized investigation plan for every patient. A six-month follow-up face-to-face meeting or phone call was implemented, in order to verify the occurrence of thrombosis, the establishment of the diagnosis, the survival, and any other significant health changes. A total of 24 deaths were registered during this time, while 49 patients were lost to follow-up. None of the included patients had a personal history of thrombotic events, and none of them developed thrombosis in the six-month follow-up period.



All the patients gave their informed consent before being enrolled. All the data were collected and analyzed under the assurance of anonymity. The study protocol was approved by the Ethics Committee of Colentina University Hospital Bucharest.



For every patient, blood samples were collected at the time of enrolment. All the samples were centrifuged and stored at −70 °C. A single determination of aPLs was performed for each of the study samples. The panel included IgG and IgM isotypes of aCL, aβ2GPI, aPT, aPE, and aPS. Logistical limitations of the study protocol did not allow testing for LAC.



ELISA kits (Aesku Diagnostics, Wendelsheim, Germany), and a Chemwell 2910 Analyzer (Awareness Technology, Palm City, FL, USA) were used to determine the titres of aPLs. A value of 18 U/mL or more was considered positive, while values under 12 U/mL was deemed as negative. The values ranging between these extremes were registered as equivocal.



The methodology was more fully described in references [24,25,26].



Continuous variables with parametric distribution were reported as frequencies, and as mean ± standard deviation. The means were compared with Student’s t-test. Variables not normally distributed were analyzed with the Mann–Whitney test, Wilcoxon test, and Kendall rank correlation coefficient (r). The degrees of correlation have been defined as follows: 0.00–0.10, no correlation; 0.11–0.30, low correlation; 0.31–0.50, medium correlation; 0.51–0.70, high correlation; 0.71–1.00, very high correlation. When comparing categorical variables, the Chi-square test was used. Odds ratios (OR) and 95% confidence intervals (CI) were determined. Receiver operating characteristic curves (ROC) were performed, and areas under the curve (AUC) were measured. The two-tailed hypothesis testing was used, and a p-value less than 0.05 was considered statistically significant. The statistical analysis was conducted by using SPSS 20.0 software (IBM Corporation, Armonk, NY, USA).




3. Results


A total of 146 patients were enrolled in the study. The main demographic characteristics of the study group are presented in Table 1. The percentages of males and females proved to be almost equal (52% versus 48%). The mean age at enrolment in the entire population was 64 years. The enrolment age was found to be statistically significantly higher in cancer patients than in those without cancer (p = 0.004). No significant difference was found between the cancer and non-cancer subgroups regarding gender (p = ns). About 25% (36) of the patients were eventually diagnosed with different types of cancer. Among them, three patients had hematologic cancers—two myelomas, and one lymphoma. The other 33 patients were diagnosed with non-hematologic cancers. This subgroup comprised five patients with colon cancer, two with gastric cancer, two with pancreatic cancer, one with biliary cancer, two patients with liver cancer, and two cases of metastatic liver lesions with unknown primary site. In addition, seven pulmonary cancers, two pleural cancers, five renal cancers, two bladder cancers, two ovarian cancers, and one sarcoma were registered. The rest of them had various non-neoplastic diagnoses, such as collagen vascular diseases, psychiatric disorders, cardiovascular, pulmonary, digestive, or neurologic pathologies (Table 2).



In the analyzed population, 61.11% (22) of the cancer patients were positive for at least one of the tested aPLs, while patients without cancer had a positivity rate of 46.36% (51). However, the registered difference was not statistically significant (p = 0.12). As shown in Table 3, the most frequent positive aPLs encountered in the entire study group were aβ2GPI IgM (30%), aPT IgM (18%), and aPE IgM (17%). For the cancer subgroup, the ranking is maintained, 44% of the cancer patients being positive for aβ2GPI IgM, 19% for aPT IgM, 19% for aPE IgM, and 19% for aCL IgM. The number of aβ2GPI IgM positive cancer patients was significantly higher when compared with the non-cancer subgroup (p = 0.03). A p value near to the significance level (p = 0.08) was registered for aCL IgM.



Significantly higher titres of aCL IgG (p = 0.03), aCL IgM (p = 0.01), aβ2GPI IgG (p = 0.001), aPE IgG (p = 0.02), and aPS IgG (p = 0.02) were detected in the cancer subgroup when compared with patients without cancer (Table 4). For aPE IgM, a near-to-significance level p value was found (p = 0.08).



The comparative evaluation of aPL titres and positivity revealed no significant differences between the hematologic and non-hematologic cancer patients.



When performing ROC analysis for evaluating the utility of criteria and non-criteria aPLs in predicting cancer development (Table 5), aβ2GPI IgG registered the largest AUC, with a value of 0.642 (0.542–0.742), closely followed by aCL IgM—AUC 0.633 (0.529–0.738), and aPE IgG—AUC 0.623 (0.518–0.728).



Out of the 22 patients who proved to have a double aPL positivity profile, only one was positive for both of the analyzed criteria aPLs (aCL and aβ2GPI), while the remaining 21 patients were positive for two non-criteria or one of the criteria and one of the non-criteria aPLs. No statistically significant differences were registered between the patients with or without cancer regarding multiple positive aPLs profiles (Table 6), although for double positivity the value of p was situated close to the significance limit (p = 0.06).



The aPL profiles of gastrointestinal cancer (colon cancer and gastric cancer) patients were analyzed separately (Table 7). The aCL IgM positivity was significantly higher in these patients, compared with the rest of the study population (p = 0.008). The difference is maintained when analyzing the titres—p = 0.006 for aCL IgM (Table 8). Moreover, the titres of aPS IgM are significantly increased in gastrointestinal cancer patients (p = 0.03), although the number of positive aPS IgM patients was not significantly different in patients with or without gastrointestinal cancer.



The ROC analysis pointed towards aCL IgM as the best predictor for gastrointestinal cancer development in the studied population—AUC 0.808 (0.685–0.932). The second highest AUC was registered for aPS IgM—0.735 (0.539–0.932). The values of AUC for the other tested aPLs are presented in Table 9.



In addition, the positivity and titres of aPLs in pulmonary and renal cancer were analyzed independently. No statistically significant differences were obtained between these patients and the rest of the study group.



The analyzed correlations between criteria and non-criteria aPLs in the study group, although statistically significant in most of the cases, generally proved to be of weak or medium degree (Table 10). The aPS registered the highest coefficient values—aPS IgG-aCL IgG r = 0.72 (p < 0.01), aPS IgM-aCL IgM r = 0.58 (p < 0.01). No correlation was found between aPT IgG and aCL IgM r = 0.11 (p = ns), while between aPT IgG and aCL IgG, a weak correlation was detected—r = 0.19 (p < 0.01).



When analyzing the correlations of criteria and non-criteria aPLs in the subgroup of cancer patients (Table 11), no correlations were found between aCL IgM and the IgG and IgM isotypes of aPT (r = −0.09, r = 0.10 respectively, p = ns), as well as in the aPS IgG-aβ2GPI IgM (r = 0.13, p = ns), aPS IgM-aβ2GPI IgG (r = 0.16, p = ns), aPS IgG-aβ2GPI IgG (r = 0.17, p = ns), and aPS IgM-aCL IgG (r = 0.19, p = ns) pairs. Contrarily, the highest correlation coefficients were registered between aPS IgM and aCL IgM (r = 0.73, p < 0.01), and between aPS IgG and aCL IgG (r = 0.64, p < 0.01). Despite their lack of correlation with aCL, aPT correlated with aβ2GPI under low or moderate degree (aPT IgG-aβ2GPI IgG r = 0.31, p < 0.01, aPT IgG-aβ2GPI IgM r = 0.26, p < 0.05, aPT IgM-aβ2GPI IgG r = 0.41, p < 0.01, aPT IgM-aβ2GPI IgM r = 0.41, p < 0.01).




4. Discussion


It is estimated that about 5% of the healthy young adults are aPL carriers. The percentage rises with age and chronic diseases, reaching 50% in elderly individuals with comorbidities [17]. However, only a minority of the aPL-positive subjects will turn out to have APS [16]. The results of previous studies indicate the variability of aPL-carrier cancer patients’ evolution. In a study evaluating the association of aPLs with malignancy, 21% of the patients met the APS Sapporo criteria, while thrombotic manifestations were registered for 71% of the study sample [27]. In the study population analyzed by Yoon et al., 87% of the cancer patients developed venous thrombosis, and arterial thrombosis was found in 24% of them [28]. Contrarily, Vassalo et al. registered venous thrombotic manifestations in only 4% of their cancer patients; none of the participants turned out to have APS [29]. In a 137 cancer patient sample, Bazzan et al. found only nine patients with venous thromboembolism, while the rest remained free of thrombotic events. Only 5 patients finally met the APS classification criteria [30].



The link between aPLs and thrombosis in cancer patients could not yet be incontestably demonstrated [18]. According to Reinstein et al., the pathogenicity of aPLs cannot be sustained by the detected levels, despite their elevation in patients with different types of malignancies [31]. A recent study found no statistically significant differences regarding the incidence of thrombosis in lymphoma patients with positive aPLs when compared to patients with lymphoma, but without aPLs [32]. Vassalo et al. have shown that aPLs do not associate with thrombosis or medium-term survival in critically ill cancer patients, and that they generally have a transient nature [29]. The transient aPL positivity in solid malignancy patients has also been shown by Font et al., who suggest the absence of aPLs’ pathogenic role in thromboses [33]. Moreover, the results of Gómez-Puerta et al. indicated that 35% of the evaluated cancer aPL-positive patients became negative after following oncologic treatment [34]. Some authors suggest that not all aPL isotypes are associated with thrombosis, and that transient IgM aPLs do not have any pathogenic role in thrombotic events [21].



Contrarily, recent research suggests that the presence of aPLs increases the risk of thrombosis in cancer patients [19]. Thromboembolic events may represent the clinical debut of underlying malignancy [27]. Their prevalence has been found to vary between 16 and 23% in aPL-positive cancer patients [17].



None of the patients evaluated in our study had a history of thrombosis. Furthermore, none of them developed thrombosis during the hospital admission, and none of the patients who were available for the six-month follow-up visit/phone call had a thrombotic event in this time. Similarly, Miesbach et al. followed non-Hodgkin lymphoma patients with high levels of aCL IgM for at least two years, with no thromboembolic events being reported [35]. One study monitored the drop in aCL levels after surgery or chemotherapy. The patients were followed for the next 12 months, and none of them developed thrombosis [36]. As our patients only had a unique determination of aPLs, the transient or persistent nature of these antibodies could not be appreciated.



For the frequency of aPLs in cancer patients, values between 1.4% and 74% were reported [15]. In our study population, more than 60% of the cancer patients turned out to be positive for at least one of the determined aPLs. However, the percentage was not significantly superior to the one registered in the non-cancer subgroup (46%). No other studies analyzing the prevalence of aPLs in involuntary weight loss patients could be found.



In the present research, the most prevalent aPLs in cancer patients were aβ2GPI IgM (44%), followed by aPT IgM (19%), aPE IgM (19%), and aCL IgM (19%). The only significant difference discovered in our research between cancer and non-cancer patients in terms of aPL positivity was registered for aβ2GPI IgM, which was significantly more prevalent in the cancer subgroup—p = 0.03, OR 2.23 (1.02–4.88). For aCL IgM, a near-to-significance value was noted (p = 0.08). The unquestionable dominance of IgM isotypes in our thrombosis-free study population might represent a supplementary argument for their lack of pathogenicity in cancer patients.



Bazzan et al. analyzed the titres of aPLs in cancer patients. They found that even though the laboratory positivity criteria were not met, low aPLs titres had a six-times higher prevalence in cancer patients, when compared with the control group. Notwithstanding these findings, no significant differences regarding thrombosis-free survival could be found between the two groups [30]. Medium or high aPL titres proved to have a more important clinical significance [18].



Consistent with the previous mentioned results, significantly higher values were observed for aCL IgG (p = 0.03), aCL IgM (p = 0.01), aβ2GPI IgG (p = 0.001), aPE IgG (p = 0.02), and aPS IgG (p = 0.02) titres in our cancer patients. When analyzing the utility of criteria and non-criteria aPLs in predicting cancer development, aβ2GPI IgG proved to be the best predictor, with an AUC of 0.642 (0.542–0.742). aCL IgM came second—AUC 0.633 (0.529–0.738)—closely followed by aPE IgG—AUC 0.623 (0.518–0.728).



An increased risk of developing aPLs has been found for almost every studied solid cancer subtype. Most of the studies have evaluated the presence of aCL, aβ2GPI, and LAC [15]. In one of the few studies that analyzed the prevalence of non-criteria aPLs in cancer patients, Islam et al. found a high prevalence of these antibodies in both hematologic and solid malignancies [19]. Non-criteria aPLs were found to be more frequent in uterine cancer than in non-malignant gynecologic pathology, while no differences were found for criteria aPLs [37].



In our research, no significant differences were found between hematologic and non-hematologic cancer patients regarding aPL titres or positivity. The most prevalent subtypes of solid malignancies in the study group were gastrointestinal, pulmonary, and renal cancers. In consequence, these categories were analyzed separately. For the last two, no significant differences were found in terms of aPLs titres or positivity, when compared to the rest of the study population. The prevalence of aCL IgM positivity proved to be significantly increased in gastrointestinal cancers—p = 0.008, OR 6.69 (1.35–33.02). Moreover, the titres of aCL IgM and aPS IgM were significantly higher in these patients (p = 0.006 and p = 0.03 respectively). aCl IgM also turned out to be the best predicting aPL for gastrointestinal cancers, with an AUC of 0.808 (0.685–0.932), while aPS IgM registered the second highest value—0.735 (0.539–0.932).



As mentioned before, other studies have found associations between aCL and cancer. Our results were concordant to the ones of previous research regarding the connection of aCL with gastrointestinal cancers [17]. High prevalences of aCL were also described in pulmonary cancer patients [38], though, in this aspect, the present study did not obtain similar findings.



A multiple-aPL-positivity profile has been presented in the literature as a supplementary risk factor for thrombosis in cancer patients [34]. In a recent analysis, Kansuttiviwat et al. showed that double aPL positivity increased the risk for venous thromboembolic events from 3.6 times—which was the value obtained for cancer and single aPLs positivity profile—to 7.4 times [15]. Data linking multiple aPL positivity to cancer are scarce. Our results indicated no significant differences between cancer and non-cancer patients when analyzing multiple aPL positivity profiles, even though, for double positivity, a borderline significance level was found (p = 0.06). Most of the double-aPL–positive participants had a combination of one of the criteria and one of the non-criteria aPLs, or two non-criteria aPLs.



The correlations of criteria and non-criteria aPLs were mainly of weak or medium degree. When analyzing the entire study population, the highest correlation coefficients were found between aPS and aCL, the values varying from medium to very high degree of correlation (aPS IgG-aCL IgG r = 0.72, p < 0.01). Low or medium correlations were registered between aPS and aβ2GPI. No correlations (aPT IgG and aCL IgM r = 0.11, p = ns) or weak correlations were found between aPT and both aCL and aβ2GPI.



In the subgroup of cancer patients, despite the high degree of correlation found in the aPS IgM-aCL IgM (r = 0.73, p < 0.01), and aPS IgG-aCL IgG (r = 0.64, p < 0.01) pairs, no correlations or low correlations were detected between aPS and the rest of the tested criteria aPLs. No correlations were found between aPT and aCL, except for the aPT IgM-aCL IgG pair that correlated under a low degree (r = 0.25, p < 0.05). Low or moderate degrees of correlation were registered between aPT and aβ2GPI.



The relatively low degree of correlation found between aPT and the criteria aPLs is consistent to other results in the literature that had similar findings in a study population of APS patients [39].



The present research has several limitations. First, this study had a cross-sectional design, and only one determination of aPLs was performed. Second, the relatively low number of cancer patients that were included, and the reduced number of aPL-positive patients, might generate a statistical bias. Third, the fact that LAC could not be tested might represent another important disadvantage.



Despite the reduced study population, an extensive panel of aPLs were searched, generating statistically significant results. Moreover, not only the criteria, but also the non-criteria, aPLs were determined. As far as the authors are aware, this study is the first one investigating the prevalence of aPLs in patients with involuntary weight loss, as well as one of the few studies describing the correlations between the criteria and the non-criteria aPLs.



In conclusion, despite the increasing evidence linking criteria and non-criteria aPLs to cancer, the exact implications remain unclear. The involvement of aPLs in thrombotic events seems to vary with their isotype, as well as their transient or persistent character. Furthermore, the connection of aPLs with thrombosis in these patients is most probably influenced by the association of other risk factors. Even though there are still not enough arguments for routinely testing aPLs in cancer patients, future research of the topic might impose their screening, especially in patients with supplementary risk factors for thrombosis.







Author Contributions


Conceptualization, S.C.; methodology, S.C. and C.B.; software, C.B.; validation, A.B. and S.C.; formal analysis, C.B.; investigation, A.B.; resources, C.B., L.V., S.C. and A.B.; data curation, S.C.; writing—original draft preparation, S.C and L.V.; writing—review and editing, C.B., A.B., L.V. and S.C.; visualization, S.C. and L.V.; supervision, C.B.; project administration, S.C.; funding acquisition, S.C. and C.B. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by CNCSIS-UEFISCSU, project number PNII—IDEI 10/2008.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Colentina University Hospital Bucharest.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Arreola-Diaz, R.; Majluf-Cruz, A.; Sanchez-Torres, L.E.; Hernandez-Juarez, J. The Pathophysiology of the Antiphospholipid Syndrome: A Perspective from the Blood Coagulation System. Clin. Appl. Thromb. Hemost. 2022, 28, 10760296221088576. [Google Scholar] [CrossRef] [PubMed]

	



Barbhaiya, M.; Zuily, S.; Naden, R.; Hendry, A.; Manneville, F.; Amigo, M.C.; Amoura, Z.; Andrade, D.; Andreoli, L.; Artim-Esen, B.; et al. 2023 ACR/EULAR Antiphospholipid Syndrome Classification Criteria. Arthritis Rheumatol. 2023, 82, 1258–1270. [Google Scholar]

	



Liu, X.; Zhu, L.; Liu, H.; Cai, Q.; Yun, Z.; Sun, F.; Jia, Y.; Guo, J.; Li, C. Non-criteria antiphospholipid antibodies in antiphospholipid syndrome: Diagnostic value added. Front. Immunol. 2022, 26, 972012. [Google Scholar] [CrossRef] [PubMed]

	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [Google Scholar] [CrossRef]

	



Bosch, X.; Monclús, E.; Escoda, O.; Guerra-García, M.; Moreno, P.; Guasch, N.; López-Soto, A. Unintentional weight loss: Clinical characteristics and outcomes in a prospective cohort of 2677 patients. PLoS ONE 2017, 12, e0175125. [Google Scholar] [CrossRef] [PubMed]

	



Díaz-Peromingo, J.A.; Rodríguez-Cordero, M.; Valcárcel-García, M.A.; Macía-Rodriguez, C.; Alende-Castro, V.; Novo-Veleiro, I.; González-Quintela, A. Unintentional Weight Loss: Etiology, Clinical Characteristics, Predicting Factors of Malignancy and Outcomes. IJMSHR 2018, 2, 79–91. [Google Scholar]

	



Gaddey, H.L.; Holder, K.K. Unintentional Weight Loss in Older Adults. Am. Fam. Physician 2021, 104, 34–40. [Google Scholar]

	



Yuen, E.Y.N.; Zaleta, A.K.; McManus, S.; Buzaglo, J.S.; LeBlanc, T.W.; Hamilton, K.; Stein, K. Unintentional weight loss, its associated burden, and perceived weight status in people with cancer. Support. Care Cancer 2020, 28, 329–339. [Google Scholar] [CrossRef]

	



Lai, S.W.; Lin, C.L.; Liao, K.F. Weight loss might be an early clinical manifestation of undiagnosed cancer: A nation-based cohort study. BioMedicine 2018, 8, 23–27. [Google Scholar] [CrossRef]

	



National Library of Medicine. Available online: https://www.ncbi.nlm.nih.gov/books/NBK562222/ (accessed on 12 September 2023).

	



Akinbo, D.B.; Ajayi, O.I. Thrombotic Pathogenesis and Laboratory Diagnosis in Cancer Patients, an Update. Int. J. Gen. Med. 2023, 22, 259–272. [Google Scholar] [CrossRef]

	



Sevestre, M.A.; Soudet, S. Epidemiology and risk factors for cancer-associated thrombosis. J. Med. Vasc. 2020, 45, 6S3–6S7. [Google Scholar] [CrossRef] [PubMed]

	



Abdol Razak, N.B.; Jones, G.; Bhandari, M.; Berndt, M.C.; Metharom, P. Cancer-Associated Thrombosis: An Overview of Mechanisms, Risk Factors, and Treatment. Cancers 2018, 10, 380. [Google Scholar] [CrossRef]

	



Hamza, M.S.; Mousa, S.A. Cancer-Associated Thrombosis: Risk Factors, Molecular Mechanisms, Future Management. Clin. Appl. Thromb. Hemost. 2020, 26, 1076029620954282. [Google Scholar] [CrossRef]

	



Kansuttiviwat, C.; Niprapan, P.; Tantiworawit, A.; Norasetthada, L.; Rattarittamrong, E.; Rattanathammethee, T.; Hantrakool, S.; Piriyakhuntorn, P.; Punnachet, T.; Hantrakun, N.; et al. Impact of antiphospholipid antibodies on thrombotic events in ambulatory cancer patients. PLoS ONE 2023, 18, e0279450. [Google Scholar] [CrossRef] [PubMed]

	



Grygiel-Górniak, B.; Mazurkiewicz, Ł. Positive antiphospholipid antibodies: Observation or treatment? J. Thromb. Thrombolysis 2023, 56, 301–314. [Google Scholar] [CrossRef] [PubMed]

	



Abdel-Wahab, N.; Tayar, J.H.; Fa’ak, F.; Sharma, G.; Lopez-Olivo, M.A.; Yousif, A.; Shagroni, T.; Al-Hawamdeh, S.; Rojas-Hernandez, C.M.; Suarez-Almazor, M.E. Systematic review of observational studies reporting antiphospholipid antibodies in patients with solid tumors. Blood Adv. 2020, 4, 1746–1755. [Google Scholar] [CrossRef]

	



Žigon, P. Do antiphospholipid antibodies enhance thromboembolic risk in patients with cancer? Pol. Arch. Intern. Med. 2020, 130, 1026–1028. [Google Scholar] [CrossRef] [PubMed]

	



Islam, M.A. Antiphospholipid antibodies and antiphospholipid syndrome in cancer: Uninvited guests in troubled times. Semin. Cancer Biol. 2020, 64, 108–113. [Google Scholar] [CrossRef] [PubMed]

	



Barreno-Rocha, S.G.; Guzmán-Silahua, S.; Rodríguez-Dávila, S.D.; Gavilanez-Chávez, G.E.; Cardona-Muñoz, E.G.; Riebeling-Navarro, C.; Rubio-Jurado, B.; Nava-Zavala, A.H. Antiphospholipid Antibodies and Lipids in Hematological Malignancies. Int. J. Mol. Sci. 2022, 23, 4151. [Google Scholar] [CrossRef]

	



Tincani, A.; Taraborelli, M.; Cattaneo, R. Antiphospholipid antibodies and malignancies. Autoimmun. Rev. 2010, 9, 200–202. [Google Scholar] [CrossRef]

	



Leszek, P.; Klotzka, A.; Bartuś, S.; Burchardt, P.; Czarnecka, A.M.; Długosz-Danecka, M.; Gierlotka, M.; Koseła-Paterczyk, H.; Krawczyk-Ożóg, A.; Kubiatowski, T.; et al. A practical approach to the ESC 2022 cardio-oncology guidelines. Comments by a team of experts: Cardiologists and oncologists. Kardiol. Pol. 2023. [Google Scholar] [CrossRef]

	



Tektonidou, M.G.; Andreoli, L.; Limper, M.; Amoura, Z.; Cervera, R.; Costedoat-Chalumeau, N.; Cuadrado, M.J.; Dörner, T.; Ferrer-Oliveras, R.; Hambly, K.; et al. EULAR recommendations for the management of antiphospholipid syndrome in adults. Ann. Rheum. Dis. 2019, 78, 1296–1304. [Google Scholar] [CrossRef] [PubMed]

	



Baicus, C.; Rimbas, M.; Baicus, A.; Caraiola, S.; Grupul de Studiu al Scaderii Ponderale Involuntare. Cancer and involuntary weight loss: Failure to validate a prediction score. PLoS ONE 2014, 9, e95286. [Google Scholar] [CrossRef] [PubMed]

	



Baicus, C.; Caraiola, S.; Rimbas, M.; Patrascu, R.; Baicus, A.; GSSPI. Ferritin above 100 mcg/L could rule out colon cancer, but not gastric or rectal cancer in patients with involuntary weight loss. BMC Gastroenterol. 2012, 12, 86. [Google Scholar] [CrossRef] [PubMed]

	



Baicus, C.; Caraiola, S.; Rimbas, M.; Patrascu, R.; Baicus, A.; GSSPI. Serum cytokines and cancer in involuntary weight loss. J. Investig. Med. 2012, 60, 827–829. [Google Scholar] [CrossRef]

	



Gómez-Puerta, J.A.; Cervera, R.; Espinosa, G.; Aguiló, S.; Bucciarelli, S.; Ramos-Casals, M.; Ingelmo, M.; Asherson, R.A.; Font, J. Antiphospholipid antibodies associated with malignancies: Clinical and pathological characteristics of 120 patients. Semin. Arthritis Rheum. 2006, 35, 322–332. [Google Scholar] [CrossRef]

	



Yoon, K.H.; Wong, A.; Shakespeare, T.; Sivalingam, P. High prevalence of antiphospholipid antibodies in Asian cancer patients with thrombosis. Lupus 2003, 12, 112–116. [Google Scholar] [CrossRef]

	



Vassalo, J.; Spector, N.; de Meis, E.; Rabello, L.S.; Rosolem, M.M.; do Brasil, P.E.; Salluh, J.I.; Soares, M. Antiphospholipid antibodies in critically ill patients with cancer: A prospective cohort study. J. Crit. Care 2014, 29, 533–538. [Google Scholar] [CrossRef]

	



Bazzan, M.; Montaruli, B.; Vaccarino, A.; Fornari, G.; Saitta, M.; Prandoni, P. Presence of low titre of antiphospholipid antibodies in cancer patients: A prospective study. Intern. Emerg. Med. 2009, 4, 491–495. [Google Scholar] [CrossRef]

	



Reinstein, E.; Shoenfeld, Y. Antiphospholipid syndrome and cancer. Clin. Rev. Allergy Immunol. 2007, 32, 184–187. [Google Scholar] [CrossRef]

	



Kungwankiattichai, S.; Nakkinkun, Y.; Owattanapanich, W.; Ruchutrakool, T. High Incidence of Antiphospholipid Antibodies in Newly Diagnosed Patients with Lymphoma and a Proposed aPL Predictive Score. Clin. Appl. Thromb. Hemost. 2020, 26, 1076029620928392. [Google Scholar] [CrossRef] [PubMed]

	



Font, C.; Vidal, L.; Espinosa, G.; Tàssies, D.; Monteagudo, J.; Farrús, B.; Visa, L.; Cervera, R.; Gascon, P.; Reverter, J.C. Solid cancer, antiphospholipid antibodies, and venous thromboembolism. Autoimmun. Rev. 2011, 10, 222–227. [Google Scholar] [CrossRef] [PubMed]

	



Gómez-Puerta, J.A.; Espinosa, G.; Cervera, R. Antiphospholipid Antibodies: From General Concepts to Its Relation with Malignancies. Antibodies 2016, 5, 18. [Google Scholar] [CrossRef] [PubMed]

	



Miesbach, W.; Scharrer, I.; Asherson, R.A. High titres of IgM-antiphospholipid antibodies are unrelated to pathogenicity in patients with non-Hodgkin’s lymphoma. Clin. Rheumatol. 2007, 26, 95–97. [Google Scholar] [CrossRef] [PubMed]

	



Zuckerman, E.; Toubi, E.; Golan, T.D.; Rosenvald-Zuckerman, T.; Sabo, E.; Shmuel, Z.; Yeshurun, D. Increased thromboembolic incidence in anti-cardiolipin-positive patients with malignancy. Br. J. Cancer 1995, 72, 447–451. [Google Scholar] [CrossRef] [PubMed]

	



Majdan, A.; Majdan, M.; Dryglewska, M.; Ziober-Malinowska, P.; Kotarski, J.; Grzybowska-Szatkowska, L. The presence of particular criteria and noncriteria antiphospholipid antibodies in patients with uterine malignancies. Pol. Arch. Intern. Med. 2020, 130, 1037–1042. [Google Scholar]

	



Nipu, M.A.I.; Kundu, S.; Alam, S.S.; Dina, A.N.; Hasan, M.A.; Khan, M.; Khalil, M.I.; Hossan, T.; Islam, M.A. Anticardiolipin Antibodies in Patients with Cancer: A Case-Control Study. Cancers 2023, 15, 2087. [Google Scholar] [CrossRef]

	



Caraiola, S.; Voicu, L.; Jurcut, C.; Dima, A.; Baicus, C.; Baicus, A.; Cobilinschi, C.O.; Ionescu, R.A. Criteria and Non-Criteria Antiphospholipid Antibodies in Antiphospholipid Syndrome: How Strong Are They Correlated? Biomedicines 2023, 11, 2192. [Google Scholar] [CrossRef]








 





Table 1. Demographic characteristics of the study population.






Table 1. Demographic characteristics of the study population.





	

	
Overall

	
Cancer

	
Without Cancer

	
p-Values

	
OR (95% CI)




	
Number of Patients

	
146

	
36 (24.65%)

	
110 (75.34%)

	

	






	
Gender

	
Male

	
76 (52.05%)

	
19

	
57

	
0.53

	
0.03 (0.48–2.20)




	
Female

	
70 (47.95%)

	
17

	
53




	
Mean age at enrolment (years)

	
64.34 ± 13.34

	
69.81 ± 8.65

	
62.55 ± 14.13

	
0.004

	











 





Table 2. Causes of weight loss in the study population.






Table 2. Causes of weight loss in the study population.





	Diagnosis
	Number of Patients (n = 146)





	Hematologic cancer
	3 (2.05%)



	Non-hematologic cancer
	33 (22.61%)



	Collagen vascular diseases
	13 (8.91%)



	Acute infection
	8 (5.48%)



	Cardiovascular pathology
	3 (2.05%)



	Pulmonary pathology
	2 (1.37%)



	Digestive pathology
	28 (19.18%)



	Dibetes mellitus
	6 (4.11%)



	Biermer anemia
	2 (1.37%)



	Thyroid pathology
	3 (2.05%)



	Saturnism
	2 (1.37%)



	Neurologic pathology
	3 (2.05%)



	Psychiatric disorder
	28 (19.18%)



	Unknown diagnosis
	12 (8.22%)










 





Table 3. Serological characteristics of the study population.






Table 3. Serological characteristics of the study population.





	aPLs
	Overall

(Positive/Negative)

(n = 146)
	Cancer

(Positive/Negative)

(n = 36)
	Without Cancer

(Positive/Negative)

(n = 110)
	p-Values
	OR (95% CI)





	aCL IgG
	5/141 (3.42%)
	1/35 (2.77%)
	4/106 (3.63%)
	0.64
	0.75 (0.08–7.00)



	aCL IgM
	17/129 (11.64%)
	7/29 (19.44%)
	10/100 (9.09%)
	0.08
	2.41 (0.84–6.90)



	aβ2GPI IgG
	9/137 (6.16%)
	4/32 (11.11%)
	5/105 (4.54%)
	0.15
	2.62 (0.66–10.36)



	aβ2GPI IgM
	45/101 (30.82%)
	16/20 (44.44%)
	29/81 (26.36%)
	0.03
	2.23 (1.02–4.88)



	aPT IgG
	13/133 (8.90%)
	5/31 (13.88%)
	8/102 (7.27%)
	0.18
	2.05 (0.62–6.74)



	aPT IgM
	26/120 (17.80%)
	7/29 (19.44%)
	19/91 (17.27%)
	0.47
	1.15 (0.44–3.02)



	aPE IgG
	8/138 (5.48%)
	2/34 5.55(%)
	6/104 (5.45%)
	0.63
	1.02 (0.19–5.29)



	aPE IgM
	25/121 (17.12%)
	7/29 (19.44%)
	18/92 (16.36%)
	0.42
	1.23 (0.46–3.24)



	aPS IgG
	7/139 (4.79%)
	2/34 (5.55%)
	5/105 (4.54%)
	0.55
	1.23 (0.22–6.66)



	aPS IgM
	10/136 (6.85%)
	3/33 (8.33%)
	7/103 (6.36%)
	0.46
	1.33 (0.32–5.46)







aPLs—antiphospholipid antibodies; aCL—anti-cardiolipin antibodies; aβ2GPI—anti-β2 glycoprotein I antibodies; aPE—anti-phosphatidylethanolamine antibodies; aPS—anti-phosphatidylserine antibodies; aPT—anti-prothrombin antibodies.













 





Table 4. Titres of the tested aPLs in the study population.
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	aPLs
	Overall

Median Values (Min–Max)

(n = 146)
	Cancer

Median Values (Min–Max)

(n = 36)
	Without Cancer

Median Values (Min–Max)

(n = 110)
	p-Values





	aCL IgG
	3 (1–210) U/mL
	4 (1–18) U/mL
	3 (1–210) U/mL
	0.03



	aCL IgM
	3 (0–300) U/mL
	5.5 (0–60) U/mL
	3 (0–300) U/mL
	0.01



	aβ2GPI IgG
	5 (0–300) U/mL
	5.5 (2–300) U/mL
	4 (0–299) U/mL
	0.001



	aβ2GPI IgM
	11 (0–300) U/mL
	12.5 (0–151) U/mL
	11 (0–300) U/mL
	0.12



	aPT IgG
	5 (0–289) U/mL
	6 (0–289) U/mL
	5 (0–82) U/mL
	0.17



	aPT IgM
	3.5 (0–300) U/mL
	5 (0–60) U/mL
	3 (0–300) U/mL
	0.48



	aPE IgG
	3 (0–300) U/mL
	4 (0–37) U/mL
	2 (0–300) U/mL
	0.02



	aPE IgM
	6 (0–300) U/mL
	10 (0–300) U/mL
	5 (0–300) U/mL
	0.08



	aPS IgG
	4 (1–237) U/mL
	5 (1–20) U/mL
	3 (1–237) U/mL
	0.02



	aPS IgM
	5 (0–300) U/mL
	6.5 (0–171) U/mL
	5 (0–300) U/mL
	0.15







aPLs—antiphospholipid antibodies; aCL—anti-cardiolipin antibodies; aβ2GPI—anti-β2 glycoprotein I antibodies; aPE—anti-phosphatidylethanolamine antibodies; aPS—anti-phosphatidylserine antibodies; aPT—anti-prothrombin antibodies.













 





Table 5. Results of ROC analysis evaluating the utility of criteria and non-criteria aPLs in predict-ing cancer development.






Table 5. Results of ROC analysis evaluating the utility of criteria and non-criteria aPLs in predict-ing cancer development.





	
aPLs

	
Area Under the Curve

	
95% CI




	
Lower Limit

	
Upper Limit






	
aCL IgG

	
0.614

	
0.515

	
0.712




	
aCL IgM

	
0.633

	
0.529

	
0.738




	
aβ2GPI IgG

	
0.642

	
0.542

	
0.742




	
aβ2GPI IgM

	
0.585

	
0.478

	
0.693




	
aPT IgG

	
0.576

	
0.461

	
0.690




	
aPT IgM

	
0.538

	
0.430

	
0.647




	
aPS IgG

	
0.624

	
0.526

	
0.723




	
aPS IgM

	
0.578

	
0.470

	
0.687




	
aPE IgG

	
0.623

	
0.518

	
0.728




	
aPE IgM

	
0.597

	
0.493

	
0.700








aPLs—antiphospholipid antibodies; aCL—anti-cardiolipin antibodies; aβ2GPI—anti-β2 glycoprotein I antibodies; aPE—anti-phosphatidylethanolamine antibodies; aPS—anti-phosphatidylserine antibodies; aPT—anti-prothrombin antibodies.













 





Table 6. Multiple aPLs positivity in the study group and subgroups.
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	Overall

(Positive/Negative)

(n = 146)
	Cancer

(Positive/Negative)

(n = 36)
	Without Cancer

(Positive/Negative)

(n = 110)
	p-Values
	OR (95% CI)





	Double positivity
	22/124 (15.07%)
	9/27 (25%)
	13/97 (11.81%)
	0.06
	2.48 (0.96–6.43)



	Triple positivity
	10/136 (7.53%)
	0/36
	10/100 (9.09%)
	0.12
	0.13 (0.007–2.29)



	Quadruple positivity
	6/140 (4.10%)
	2/34 (5.55%)
	4/106 (3.63%)
	0.63
	1.55 (0.27–8.88)



	Quintuple positivity
	3/143 (2.05%)
	2/34 (5.55%)
	1/109 (0.90%)
	0.15
	6.41 (0.56–72.91)










 





Table 7. Serological characteristics of the gastrointestinal cancer study subgroup.
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	aPLs
	Gastrointestinal Cancer

(Positive/Negative)

(n = 7)
	Without Gastrointestinal Cancer

(Positive/Negative)

(n = 139)
	p-Values
	OR (95% CI)





	aCL IgG
	0/7
	5/134
	0.74
	1.63 (0.08–32.32)



	aCL IgM
	¾
	14/125
	0.008
	6.69 (1.35–33.02)



	aβ2GPI IgG
	1/6
	8/131
	0.36
	2.72 (0.29–25.48)



	aβ2GPI IgM
	2/5
	43/96
	0.89
	0.89 (0.16–4.79)



	aPT IgG
	0/7
	13/126
	0.75
	0.62 (0.03–11.55)



	aPT IgM
	1/6
	25/114
	0.80
	0.76 (0.08–6.59)



	aPE IgG
	0/7
	8/131
	0.98
	1.03 (0.05–19.61)



	aPE IgM
	1/6
	24/115
	0.83
	0.79 (0.09–6.94)



	aPS IgG
	0/7
	7/132
	0.96
	0.92 (0.04–17.54)



	aPS IgM
	1/6
	9/130
	0.42
	2.40 (0.26–22.21)







aPLs—antiphospholipid antibodies; aCL—anti-cardiolipin antibodies; aβ2GPI—anti-β2 glycoprotein I antibodies; aPE—anti-phosphatidylethanolamine antibodies; aPS—anti-phosphatidylserine antibodies; aPT—anti-prothrombin antibodies.













 





Table 8. Titres of the tested aPLs in the gastrointestinal cancer study subgroup.
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	aPLs
	Gastrointestinal Cancer

Median Values (Min–Max)

(n = 7)
	Without Gastrointestinal Cancer

Median Values (Min–Max)

(n = 139)
	p-Values





	aCL IgG
	4 (2–9) U/mL
	3 (1–210) U/mL
	0.44



	aCL IgM
	13 (4–25) U/mL
	3 (0–300) U/mL
	0.006



	aβ2GPI IgG
	7 (3–34) U/mL
	5 (0–300) U/mL
	0.21



	aβ2GPI IgM
	11 (6–151) U/mL
	11 (0–300) U/mL
	0.64



	aPT IgG
	6 (1–12) U/mL
	5 (0–289) U/mL
	0.92



	aPT IgM
	2 (0–31) U/mL
	4 (0–300) U/mL
	0.82



	aPE IgG
	10 (6–96) U/mL
	3 (0–300) U/mL
	0.11



	aPE IgM
	6 (2–9) U/mL
	6 (0–300) U/mL
	0.09



	aPS IgG
	6 (4–7) U/mL
	4 (1–239) U/mL
	0.12



	aPS IgM
	13 (2–22) U/mL
	5 (0–300) U/mL
	0.03







aPLs—antiphospholipid antibodies; aCL—anti-cardiolipin antibodies; aβ2GPI—anti-β2 glycoprotein I antibodies; aPE—anti-phosphatidylethanolamine antibodies; aPS—anti-phosphatidylserine antibodies; aPT—anti-prothrombin antibodies.













 





Table 9. Results of ROC analysis evaluating the utility of criteria and non-criteria aPLs in predicting gastrointestinal cancer development.






Table 9. Results of ROC analysis evaluating the utility of criteria and non-criteria aPLs in predicting gastrointestinal cancer development.





	
aPLs

	
Area Under the Curve

	
95% CI




	
Lower Limit

	
Upper Limit






	
aCL IgG

	
0.585

	
0.410

	
0.759




	
aCL IgM

	
0.808

	
0.685

	
0.932




	
aβ2GPI IgG

	
0.637

	
0.418

	
0.857




	
aβ2GPI IgM

	
0.552

	
0.379

	
0.726




	
aPT IgG

	
0.510

	
0.294

	
0.727




	
aPT IgM

	
0.525

	
0.336

	
0.714




	
aPS IgG

	
0.672

	
0.561

	
0.783




	
aPS IgM

	
0.735

	
0.539

	
0.932




	
aPE IgG

	
0.674

	
0.516

	
0.831




	
aPE IgM

	
0.686

	
0.566

	
0.805








aPLs—antiphospholipid antibodies; aCL—anti-cardiolipin antibodies; aβ2GPI—anti-β2 glycoprotein I antibodies; aPE—anti-phosphatidylethanolamine antibodies; aPS—anti-phosphatidylserine antibodies; aPT—anti-prothrombin antibodies.













 





Table 10. The aPLs’ correlations in the study group.
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	aCL IgG
	aCL IgM
	aβ2GPI IgG
	aβ2GPI IgM
	aPT IgG
	aPT IgM
	aPE IgG
	aPE IgM
	aPS IgG
	aPS IgM





	aCL IgG
	1
	0.43 **
	0.36 **
	0.24 **
	0.19 **
	0.25 **
	0.48 **
	0.34 **
	0.72 **
	0.33 **



	aCL IgM
	0.43 **
	1
	0.25 **
	0.34 **
	0.11
	0.27 **
	0.30 **
	0.38 **
	0.35 **
	0.58 **



	aβ2GPI IgG
	0.36 **
	0.25 **
	1
	0.40 **
	0.26 **
	0.25 **
	0.50 **
	0.32 **
	0.40 **
	0.22 **



	aβ2GPI IgM
	0.24 **
	0.34 **
	0.40 **
	1
	0.23 **
	0.30 **
	0.36 **
	0.40 **
	0.18 **
	0.42 **



	aPT IgG
	0.19 **
	0.11
	0.26 **
	0.23 **
	1
	0.34 **
	0.30 **
	0.16 **
	0.12 *
	0.10



	aPT IgM
	0.25 **
	0.27 **
	0.25 **
	0.30 **
	0.34 **
	1
	0.28 **
	0.33 **
	0.18 **
	0.30 **



	aPE IgG
	0.48 **
	0.30 **
	0.50 **
	0.36 **
	0.30 **
	0.28 **
	1
	0.38 **
	0.47 **
	0.32 **



	aPE IgM
	0.34 **
	0.38 **
	0.32 **
	0.40 **
	0.16 **
	0.33 **
	0.38 **
	1
	0.29 **
	0.46 **



	aPS IgG
	0.72 **
	0.35 **
	0.40 **
	0.18 **
	0.12 *
	0.18 **
	0.47 **
	0.29 **
	1
	0.30 **



	aPS IgM
	0.33 **
	0.58 **
	0.22 **
	0.42 **
	0.10
	0.30 **
	0.32 **
	0.46 **
	0.30 **
	1







aPLs—antiphospholipid antibodies; aCL—anti-cardiolipin antibodies; aβ2GPI—anti-β2 glycoprotein I antibodies; aPE—anti-phosphatidylethanolamine antibodies; aPS—anti-phosphatidylserine antibodies; aPT—anti-prothrombin antibodies; * p < 0.05; ** p < 0.01.













 





Table 11. The aPLs’ correlations among patients with cancer.
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	aCL IgG
	aCL IgM
	aβ2GPI IgG
	aβ2GPI IgM
	aPT IgG
	aPT IgM
	aPE IgG
	aPE IgM
	aPS IgG
	aPS IgM





	aCL IgG
	1
	0.31 *
	0.12
	0.16
	0.20
	0.25 *
	0.38 * *
	0.29 *
	0.64 * *
	0.19



	aCL IgM
	0.31 *
	1
	0.11
	0.31 **
	−0.09
	0.20
	0.10
	0.40 **
	0.27 *
	0.73 **



	aβ2GPI IgG
	0.12
	0.11
	1
	0.53 **
	0.31 **
	0.41 **
	0.54 **
	0.44 **
	0.17
	0.16



	aβ2GPI IgM
	0.16
	0.31 **
	0.53 **
	1
	0.26 *
	0.41 **
	0.31 *
	0.45 **
	0.13
	0.32 **



	aPT IgG
	0.20
	−0.09
	0.31 **
	0.26 *
	1
	0.38 **
	0.36 **
	0.11
	0.13
	−0.14



	aPT IgM
	0.25 *
	0.20
	0.41 **
	0.41 **
	0.38 **
	1
	0.44 **
	0.36 **
	0.16
	0.19



	aPE IgG
	0.38 **
	0.10
	0.54 **
	0.31 *
	0.36 **
	0.44 **
	1
	0.40 **
	0.38 **
	0.09



	aPE IgM
	0.29 *
	0.40 **
	0.44 **
	0.45 **
	0.11
	0.36 **
	0.40 **
	1
	0.30 *
	0.45 **



	aPS IgG
	0.64 **
	0.27 *
	0.17
	0.13
	0.13
	0.16
	0.38 **
	0.30 *
	1
	0.23



	aPS IgM
	0.19
	0.73 **
	0.16
	0.32 **
	−0.14
	0.19
	0.09
	0.45 **
	0.23
	1







aPLs—antiphospholipid antibodies; aCL—anti-cardiolipin antibodies; aβ2GPI—anti-β2 glycoprotein I antibodies; aPE—anti-phosphatidylethanolamine antibodies; aPS—anti-phosphatidylserine antibodies; aPT—anti-prothrombin antibodies; * p < 0.05; ** p < 0.01.
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