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Purpose

This retrospective study aimed to investigate the relationships between the methylenetetrahydrofolate reductase (MTHFR) C677T/A1298C and high-dose methotrexate (HD-MTX)-related toxicities in pediatric non-Hodgkin lymphoma (NHL) patients.



Patients and Methods

We reviewed the medical records of 93 NHL patients aged under 18 years who received HD-MTX therapy at the dose of 5 g/m2 with 24-h infusion at Sun Yat-sen University Cancer Center between 2014 and 2019.



Results

There were 61 males and 32 females, with a median age of 8.8 years (0.9–15.8 years). The tumor types included lymphoblastic lymphoma (n = 38), Burkitt’s lymphoma (n = 31), anaplastic large cell lymphoma (n = 18), diffuse large B-cell lymphoma (n = 6). Overall, 355 courses of HD-MTX therapy were prescribed. All patients were rescued with calcium folinate 12 h after the end of MTX infusion. We found that plasma MTX levels > 0.2 μmol/L at 48 h post-infusion increased the risk of developing oral mucositis (2.4% VS. 9.5%, P = 0.018). Also, patients carrying the C677T and T677T genotypes had tendencies to be more susceptible to oral mucositis (P = 0.034). Patients harboring mutant 677T allele were more likely to develop leucopenia (38.5 vs. 50.3%, P = 0.025) and thrombocytopenia (22.0 vs. 32.4%, P = 0.028). For polymorphism A1298C, the mutant genotype played a protective role in vomiting (11.1 vs. 4.3%, P = 0.018) but increased the risk of anemia (23.8 vs. 41.7%, P < 0.001) and leucopenia (38.1 vs. 50.3%, P = 0.021).



Conclusion

Childhood NHL patients harboring C677T genotype were more vulnerable to oral mucositis, leucopenia, and thrombocytopenia, while those with A1298C genotype were at a decreased risk of vomiting and more likely to develop anemia and leucopenia.
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Introduction

Non-Hodgkin lymphoma (NHL), the fourth most common malignancy across the pediatric age spectrum, is a heterogeneous group of lymphoid malignancies (1, 2). In children, NHL comprises of four main categories, namely, lymphoblastic lymphoma (LBL), Burkitt lymphoma (BL), diffuse large B-cell lymphoma (DLBCL), and anaplastic large cell lymphoma (ALCL) (3). The current overall survival rate of pediatric NHL exceeds 80% due to dramatic progress in developing risk-adapted curative therapy (1), in which methotrexate (MTX) plays a crucial part.

MTX is a well-known folate analog that enters the cell via active transport mediated by the reduced folate carrier (RFC1). Subsequently, MTX arrests the folic acid cycle by inhibiting dihydrofolate reductase and influences other important enzymes involved in the folate pathway, such as methylenetetrahydrofolate reductase (MTHFR), an enzyme that interferes with nucleic acid synthesis and favors cell death (4, 5). The imbalance of folate homeostasis may cause DNA synthesis arrest and could disrupt DNA and protein methylation reaction (6). Thus, MTX is used to treat a variety of cancers (4–9). A high-dose MTX (HD-MTX) regimen, referred to the administration of a dosage ranging from 0.5 g/m2 to 12.0 g/m2 or even higher, is commonly used to treat childhood acute lymphoblastic leukemia (ALL), lymphoma and pediatric osteosarcoma (5, 10, 11). Despite its wide range of therapeutic efficacy, toxicities related to HD-MTX including reversible myelosuppression, nausea, vomiting, diarrhea, hepatotoxicity, nephrotoxicity, neurotoxicity, and particularly oral mucositis should not be neglected (4, 10–12). HD-MTX-related toxicities can not only lead to interruption or discontinuation of chemotherapy and increase relapse risk, but also affect the quality of life of patients. Therefore, identifying predictors of MTX toxicity is a key to determine effective individual dosage adjustment and to minimize adverse events (13).

The responses to MTX exhibit remarkable interindividual variability, making it difficult to predict who will develop more serious adverse events caused by HD-MTX (10, 12). In addition, accumulating pharmacogenetic studies have revealed that polymorphisms of enzymes involved in the folate pathway could lead to variability in response to MTX- and HD-MTX-related toxicities in various malignancies (12). For example, single nucleotide polymorphism (SNP) in the gene MTHFR, involved in MTX metabolism, demonstrated associations with a variety of nonhematologic and hematologic malignancies (10, 14, 15). MTHFR is a key enzyme for intracellular folate homeostasis and metabolism because it catalyzes the irreversible conversion of 5,10-methylenetetrahydrofolate (5,10-MTHF), essential for purine and thymidine synthesis, to 5-methyltetrahydrofolate (5-MTHF), essential for protein synthesis and nucleic acid methylation (4). The two most extensively studied SNPs of MTHFR in relation to the toxicities of MTX are the C677T variant (Ala222Val, rs1801133) and A1298C variant (Glu 429Ala, rs1801131), both dampening enzyme activity by 40–70% (4, 16) (shown in Figure 1).




Figure 1 | The role of MTHFR polymorphism in folate cycle and MTX metabolism. Polymorphisms in gene MTHFR could reduce the enzyme activity, leading to increased availability of 5,10-MTHF and decreased 5-MTHF. Consequently, the impaired conversion of 5, 10-MTHF to 5-MTHF could modify folate pools and in turn, alter the response of malignant and nonmalignant cells to MTX and potentially aggravates its toxicity. 5-MTHF, 5-methyltetrahydrofolate; 5,10-MTHF, 5,10-methylenetetrahydrofolate; DHF, dihydrofolate; THF, tetrahydrofolate; MTX, methotrexate; MTXPG, methotrexate polyglutamated forms. Transporters, RFC, reduced folate carrier; ABCs, ABC family transporters; SLCs, SLC family transporters. Enzymes, MTHFR, methylenetetrahydrofolate reductase; DHFR, dihydrofolate reductase; GGH, c-glutamyl hydrolase; FPGS, folylpolyglutamyl synthase.



Jared et al. reviewed the studies performed on MTX-induced toxicities across Asian and Caucasian pediatric and adult cancer patients for the MTHFR C677T and A1298C polymorphisms and observed controversial conclusions depending on the patient groups and subgroups investigated in the different systematic reviews as well as the genetic models utilized (7). Also, as most existing studies focused on ALL rather than NHL, there is limited evidence available on the role of C677T and A1298C polymorphisms in HD-MTX-related toxicities in pediatric NHL, with results varying considerably in different studies (10, 14, 16, 17). A multicenter trial NHL-BFM95 with 484 pediatric patients who received 4- or 24-h HD-MTX infusion regimens found that although LBL was significantly associated with MTHFR C677T genotype, this polymorphism did not appear to play a role in the therapy-associated toxicity (18). Noriko Shimasaki also concluded that no significant differences in the development of HD-MTX induced toxicity were observed for the different MTHFR C677T in children with NHL or ALL (19). In contrast, many published studies have suggested significant correlations between the C677T polymorphism and the risk of developing adverse events following MTX-therapy in patients with NHL, including hematologic and non-hematologic toxicity, especially mucositis (7). Very few published information is currently available on the influence of the MTHFR A1298C polymorphism on the development of HD-MTX-associated toxicities and are accompanied with controversial results. Therefore, the primary aim of this retrospective study was to evaluate the influence of C677T and A1298C polymorphisms on HD-MTX-related toxicities in children with NHL treated according to the modified NHL-BFM 95 protocol.



Patients and Methods


Patients and Treatment

We reviewed medical records of patients aged ≤ 18 years and diagnosed as NHL at the Sun Yat-sen University Cancer Center (SYSUCC) between 2014 and 2019. The patients were staged according to the new International Pediatric NHL Staging System (20). Only intermediate- and high-risk patients were included. This study was approved by the Institutional Review Board and the Research Ethics Committee of SYSUCC. The ethical approval batch number is B2019-231-01. Besides, this study was registered in the ClinicalTrials.gov and obtained the Clinical Trials. gov ID (NCT042839).

All enrolled patients received treatment according to the modified NHL-BFM95 protocol including MTX therapy at a dose of 5 g/m2. Each dose of HD-MTX therapy was followed by 6–7 times of calcium folinate (CF) rescue 12 h after the end of the MTX infusion, at a dose of 15 mg/m2 every 6 h. To maintain the urine pH at approximately 7–8, intravenous hydration and alkalization at the dose of 1,500 ml/m2 were achieved 12 h prior to the initiation of the HD-MTX administration (D0) and 3,000 ml/m2 per day lasted for the following 3 days (D1–D3). CF was also given from D1–D3 for mouth rinsing to prevent oral mucositis. We closely monitored the volume and pH of the patients’ urine from D0 to D4.



HD-MTX-Related Toxicities

HD-MTX-related toxicities including hematological suppression, hepatotoxicity, nephrotoxicity, oral mucositis, vomiting, and diarrhea were detailly recorded after the MTX treatment until the next course of chemotherapy. Adverse events were graded according to the Common Terminology Criteria for Adverse Events version (CTCAE) 3.0. For analyses, toxicity grades were dichotomized as grade 0, and grade I or II versus III or IV.



MTX Delayed Elimination

Various cutoff points were used to define the presence of clinically meaningfully delayed elimination in different studies (10, 13, 19, 21–23). According to our protocol, the plasma MTX levels were monitored at 0, 24, 48, and 72 h from the initiation of HD-MTX infusion. If the MTX concentration at 48 h was higher than 1 μmol/L, additional CF was performed. Aumente et al. proposed 0.2 μmol/L as a clinical cut-off value for MTX-related toxicities (24). In consensus with other reports (21), we recruited 0.2 μmol/L to define low or high MTX levels at 48 h post-treatment.



Genotypic Polymorphism

The genetic variations of MTHFR were detected by PCR following Sanger sequencing. The PCR reaction was performed as follows: 94°C for 5 min; then 94°C 30 s, 58°C 30 s, 72°C 30 s for 32 cycles and finally, an extension at 72°C for 10 min. The lengths for MTHFR c.677C > T and c.1298 A > C were 246 bp and 256 bp, respectively. The primers were as following: for c.677C > T, Forward: 5′-TGCCCAGTCCCTGTGGTCTC-3′, Reverse: 5′-GGCAAGTGATGCCCATGTCG-3′; and for c.1298 A>C, Forward: 5′ TTTGGGGAGCTGAAGGACTA-3′, Reverse: 5′-ACAGGATGGGGAAGTCACAG-3′. The different genotypes are presented in Figure 2.




Figure 2 | Genetic variations of MTHFR C677T (Ala 222 Val) (A–C) and A1298C (Glu 429 Ala) (D–F) were detected by PCR following Sanger sequencing.





Statistical Analyses

Statistical analyses were performed with IBM SPSS Statistics 25.0 software (SPSS Inc. Headquarters, 233 S. Wacker Drive, 11th floor, Chicago, Illinois 60606). Chi-square test was used to test deviations from the Hardy-Weinberg (H-W) equilibrium of MTHFR C677T/A1298C genotypes and analyze the associations between MTHFR polymorphism and toxicities. P values < 0.05 were considered significant. All data in our study have been put on record in Research Data Deposit (RDD) at SYSUCC for future reference and obtained the RDD number (RDDA2020001254, https://www.researchdata.org.cn).




Results


Clinical Characteristics of Patients

Table 1 represents the clinical characteristics of the studied group. A total of 93 pediatric patients with the four NHL subtypes were included in this study. The median age of the study cohort was 8.8 years (range: 0.9–15.8 years). There were 61 (65.6%) males and 32 (34.4%) females. The majority of the patients were diagnosed as LBL (n = 38; 40.9%) and BL (n = 31; 33.3%), and the rest as ALCL (n = 18, 19.4%) and DLBCL (n = 6, 6.5%). Around two-thirds of the patients were diagnosed as stage IV (n = 60; 64.5.6%) and one third as stage III (n = 33; 35.5%) at the time of presentation. They were stratified into an intermediate- (n = 52; 55.9%) or high-risk (n = 41; 44.1%) group. Regarding the MTHFR polymorphism, both C677T and A1298T alleles exhibited the H-W equilibrium in the studied population (677C > T variant: χ2 = 1.2224, P = 0.2689; 1298A > C variant: χ2 = 0.0783, P = 0.7796). Half of the patients (47/93) carried the C677T wild-type genotype (CC), while 35/93 (37.63%) and 11/93 (11.83%) carried the heterozygous (CT) and homozygous (TT) variant genotype, respectively. As for the A1298C polymorphism, one patient failed to be genotyped. Wild-type (AA), heterozygous (CT) and homozygous (TT) variant genotype were observed in 49/93 (53.3%), 37/93 (40.2%) and 6/93 (6.5%) of the subjects, respectively. A total of 355 courses of HD-MTX therapy were analyzed in the present study. The plasma MTX level > 0.2 μmol/L at 48 h post-MTX infusion was observed in 63 (17.7%) courses.


Table 1 | Clinical characteristics of the investigated pediatric patients with NHL (n = 93).





The Role of Plasma MTX Levels in HD-MTX-Related Toxicity

The incidence rate of HD-MTX-related toxicities is shown in Table 2. The most frequently observed toxicity was myelosuppression. The results showed that grade III–IV leucopenia and neutropenia occurred in nearly half of the patients. However, the incidence of severe diarrhea (n = 0), nephrotoxicity (n = 0) and hepatotoxicity (n = 6) were too low to be further analyzed. A statistically significant difference was found comparing the incidence rate of oral mucositis in courses with low and high MTX level at 48 h (2.4 vs. 9.5%, P = 0.018, Table 3).


Table 2 | Prevalence of HD-MTX-related toxicities in children with NHL.




Table 3 | The relationships between MTX level at 48 h and HD-MTX-related toxicities.





Associations Between Genetic Polymorphisms and Plasma MTX Levels

We also conducted Chi-square tests to assess the influence of genetic polymorphisms on plasma MTX levels. Plasma MTX levels at 48 h were found to be independent for both C677T and A1298C polymorphisms (Table 4). However, MTX levels at 72 h could not be analyzed due to a low occurrence rate of > 0.2 μmol/L.


Table 4 | Associations between genetic polymorphisms and plasma MTX level at 48 h.





Associations Between Genetic Polymorphisms and HD-MTX-Related Toxicities

The Chi-square test was used to analyze the associations between MTHFR C677T/A1298C polymorphism and the incidence rate of grade III-IV toxicities (Table 5). Polymorphism C677T was found to be significantly correlated with oral mucositis (P = 0.034), leucopenia (P = 0.025) and thrombocytopenia (P = 0.028). Polymorphism A1298C showed associations with vomiting (P = 0.018), anemia (P < 0.001), and leucopenia (P = 0.021).


Table 5 | Associations between genetic polymorphisms and HD-MTX-related toxicities.






Discussion


Comparisons of the Clinical Characteristics in Our Study to Previous Reports

Conflicting results are reported in relation to the role of polymorphisms C677T/A1298C in MTX adverse events in NHL (16, 17). The reported conflicting conclusions might result from substantial heterogeneity of the studied population as the MTX toxicity profile could be altered by ethnicity, MTX doses, co-administration of other anticancer agents, renal function, hydration and alkalization, and folinate rescue dosage regimens (10, 11). Unlike most studies including heterogeneous groups of patients, regardless of the type of hematologic malignancy and MTX-based chemotherapy protocols, our study minimized the chances of reporting and detection biases due to random sampling by enrolling a homogenous group of children with NHL treated according to the modified NHL-BFM 95 protocol in China over the past 5 years. Moreover, only patients who received MTX at the dose of 5 g/m2/24h were enrolled. Thus, the impact on toxicities generated from different doses could be avoided. The gender ratio was approximately 2:1, with more males than females. LBL and BL were observed more frequently than ALCL and DLBCL in Chinese children. Many retrospective analyses in other countries have reported similar clinical characteristics of studied population in pediatric NHL (25–28). Both C677T and A1298T alleles were in the H-W equilibrium with a similar mutant rate (49.5% for C677T and 46.7% for A1298C). Moreover, both genotype frequencies were consistent with those in previous reports (16, 29).



The Role of Plasma MTX Levels in HD-MTX-Related Toxicity

Many studies have suggested that high plasma MTX concentration and prolonged exposure to high levels of MTX were linked to the development of toxicities (12). Accordingly, monitoring plasma MTX during HD-MTX therapy has become mandatory to individually adjust hydration, alkalization, and leucovorin rescue (11, 12). We found that patients with plasma MTX levels > 0.2 μmol/L at 48 h were more pronounced to develop oral mucositis (2.4 vs. 9.5%, P = 0.018, Table 3). The correlation between higher MTX levels and oral mucositis were also reported in other researches enrolling pediatric leukemia or lymphoma (19, 29) and osteosarcoma (5, 12, 23). One proposed mechanisms for MTX-related mucositis is that MTX may be secreted in the saliva, resulting in elevated direct mucosal toxicity, altered glutathione metabolism, and gastrointestinal microflora, and varied inflammatory responses by proinflammatory cytokines, together with folate metabolic pathway genes, contributing to mucositis (12). Therefore, possible hypothesis would be that patients with higher plasma MTX levels were expected to have higher MTX concentrations secreted into saliva, leading to increased risk of oral mucositis. Based on this assumption, measurements of the MTX plasma level remain vital for monitoring severe mucositis, which would be helpful in personalized management of oral mucositis. Herein, additional preventive strategies like reinforcement of mouth rinsing with CF might be necessary for patients with MTX level > 0.2 μmol/L at 48 h. However, in a study by Yun Jung Choi et al. who analyzed a total of 402 chemotherapy courses in 111 patients with primary central nervous system lymphoma(PCNSL), the authors concluded that MTX-induced oral mucositis occurred independently of the serum MTX level and that serum MTX concentration might not be a valid marker for predicting mucositis (10). A potential explanation for such inconsistence was the dose of MTX in the protocol for PCNSL was 3.5 g/m2, much lower than our protocol and the usage of CF for rescue was different.



Associations Between Genetic Polymorphisms and Plasma MTX Levels

Studies on the correlation between polymorphism C677T and MTX levels were more extensive than A1298C. Regarding C677T, Nina Erculj showed that the mean MTX level was significantly higher in pediatric NHL patients of at least one MTHFR 677T allele (6). Previous reports had similar results in lymphoma and ALL (10, 22, 29). On the contrary, other studies indicated that no significant differences in the plasma MTX concentrations were found for the different MTHFR C677T genotype in lymphoma (19), which was in line with our results in regard to which we found that the plasma MTX levels at 48 h were independent in both C677T and A1298C polymorphisms (Table 4). However, the intensive rescue therapy in our protocol might have covered the influence of genetic polymorphisms on the plasma MTX levels at 48 h. Moreover, previous pharmacogenomic studies have shown that MTHFR was not the only one SNP that could influence the distribution, efficacy, and toxicities of MTX. Other SNPs including FPGS, GGH, SLCO1B1, and ABCB1 also had similar effects on MTX-pharmacokinetics variability, which might partly account for the aforementioned inconsistence (30).



Associations Between Genetic Polymorphisms and HD-MTX-Related Toxicities


MTHFR C677T

Patients carrying T alleles at MTHFR C677T were reported to experience interruptions in MTX treatment more frequently in childhood ALL or lymphoma (29, 31). In this analysis, we found that although MTHFR C677T/A1298C polymorphism did not significantly affect plasma MTX levels at 48 h, C677T was significantly correlated with oral mucositis (2.2 vs. 3.6 vs. 11.1%, P = 0.034, Table 5), leucopenia (38.5 vs. 50.3%, P=0.025, Table 5), and thrombocytopenia (22.0 vs. 32.4%, P = 0.028, Table 5) and that patients with C677T and T677T genotypes seemed to be more susceptible to those toxicities. The negative effects of polymorphism C677T might be explained by the decreased MTHFR activity. In the case of C677T, C nucleotide is substituted by T nucleotide at position 677, resulting in an amino acid exchange from alanine to valine in the respective amino acid sequence, which lowers the affinity of the enzyme for its cofactor, flavin adenine dinucleotide (5, 14). As a result, individuals in mutant status (C677T and T677T) exhibit 60 and 30% of the normal MTHFR activity, respectively (4, 5). The lowered MTHFR activity increases the availability of 5,10-MTHF but decreases that of 5-MTHF. Consequently, the impaired conversion of 5, 10-MTHF to 5-MTHF could modify folate pools and in turn, alter the response of malignant and nonmalignant cells to MTX and potentially aggravates its toxicity (4, 5, 16). Faganel et al. confirmed that MTX clearance decreased to 73.8% in in childhood ALL and malignant lymphoma with the MTHFR 677TT genotype (29). Therefore, patients carrying variant alleles might have an increased risk of developing higher intolerance to MTX (14).

The elimination of MTX mainly relies on kidney and liver. However, MTX could be accumulated in the third space or binds to protein, from which MTX clearance would be much slower (32). Therefore, in the case of oral mucositis, we hypothesized although the T allele at MTHFR C677T had no impact on the plasma MTX levels, it would ultimately lead to the delayed MTX elimination in the saliva, provoking higher risks of oral mucositis. However, Yun Jung Choi et al. demonstrated that the incidence of and oral mucositis requiring treatment was highest among patients with the wild type in CNS lymphoma (10). A possible reason might lie in the different criteria used for severe adverse events and different analytical methods utilized. Therefore, more attention should be paid to patients with T alleles. Similarly, the variant C allele might have impact on the MTX levels in the bone marrow rather than the blood, increasing the risk of anemia and thrombocytopenia.

Our results were in consensus with most existing studies. Mohammad et al. demonstrated that MTHFR 677C > T polymorphism was an independent marker for predicting MTX‐associated hematological toxicity in NHL (14). Angelo et al. showed that pediatric NHL patients harboring 677T allele had an approximately six-fold greater risk of developing hematological toxicity compared with wild-type carriers (9). Nina Erculj et al. reported that compared to patients with wild-type genotype, MTHFR 677T allele carrier had higher odds of leucopoenia and thrombocytopenia, probably through modulating MTX pharmacokinetics in pediatric NHL patients (6). Moreover, Barbara et al. implied that the MTHFR 677TT polymorphism was associated with an increased incidence of mucositis after HD-MTX treatment in lymphoma (29). Besides, Donato et al. revealed that adult NHL patients carrying 677TT genotype significantly increased the risk of developing mucositis and thrombocytopenia (17). Based on our clinical observations, for patients with MTHFR 677T allele, we guess reinforcement of mouth rinsing with CF could reduce the risk of developing oral mucositis and the preventive use of recombinant human granulocyte colony-stimulating factor (G-CSF) may decrease the incidence of leucopenia. However, further clinical research is necessary to find out whether CF and G-CSF could improve or reverse the effects of T alleles.



MTHFR A1298C

Regarding the influence of A1298C polymorphism on MTX toxicities, Nina Erculj et al. confirmed that MTHFR 1298A > C did not show any associations with myelosuppression, hepatotoxicity, nephrotoxicity, gastrointestinal toxicity and mucositis in pediatric NHL (6). However, other authors reported significant correlations between MTHFR A1298C and MTX toxicities but have not validated whether it plays a protective role against bone marrow and hepatic toxicity in children with ALL or NHL. Barbara et al. found that lymphoma patients homozygous for the variant MTHFR were at a decreased risk for leucopenia (29). Donato et al. demonstrated that NHL patients with 1298CC genotype were at a higher risk for developing mucositis (17). In a recent study by Goekkurt et al., the authors described that A1298C polymorphism seemed to be an independent predictor for hepatic toxicity with a higher risk for the 1298CC genotype with respect to AC and AA genotypes (33). Interestingly, unlike C677T, polymorphism A1298C was not suggested to increase the risk of oral mucositis but still correlated with hematological suppression in the present study. The mutant genotypes increased the risk of anemia (23.8 vs. 41.7%, P < 0.001, Table 5) and leucopenia (38.1 vs. 50.3%, P = 0.021, Table 5). However, the fact should not be neglected that the enzymatic activity of MTHFR is affected by A1298C polymorphism to a less extent than C677T, and that the remaining activity in the C1298C homozygous genotype still represents 60% of the normal status despite of the substitution of glutamate for alanine in the amino acid sequence (4, 14). Furthermore, our data indicated significant correlations between MTHFR A1298C polymorphism and vomiting. The mutant genotypes played a protective role in vomiting (11.1 vs. 4.3%, P = 0.018, Table 5). Intestinal toxicity is a common adverse event of MTX and may influence the entire intestinal tract, contributing to symptoms like nausea, bloating, and diarrhea. The gut microbiome has been reported to be able to modulate the host response to chemotherapeutic drugs and be associated with the intestinal toxicity of MTX (34, 35). We speculated that there might be an undiscovered positive role of C alleles at MTHFR A1298C on the MTX-gut microbiome interaction, relieving the symptomatic vomiting. Therefore, preventive administration of anti-vomiting agents would be more necessary for patients with wild-type genotype while G-CSF for patients with mutant genotype.




Limitations

There are several limitations in this study. The major limitation is its retrospective nature. Additionally, MTX metabolism is influenced by not merely MTHFRC677T/A1298C but also many other genetic polymorphisms including SLC19A1, MTHFRG1793A (Arg594Gln) and ABCB1 (29, 36). Therefore, only taking MTHFRC677T/A1298C into consideration might not be convincing enough to explore their relationship with HD-MTX toxicities. Moreover, this is a single center study.




Conclusion

Our results may provide a useful resource for clinicians to consider personalized medicine. Our data showed that patients with MTX levels higher than 0.2 μmol/L at 48 h were more vulnerable to oral mucositis. Analyzing MTHFR C677T and A1298C polymorphism prior to treatment might be useful for monitoring MTX-related adverse events in childhood NHL. Patients harboring mutant C677T genotype were more vulnerable to oral mucositis, leucopenia, and thrombocytopenia while those with mutant A1298C genotype were more likely to develop anemia and leucopenia but less susceptible to vomiting. Nevertheless, further prospective multicenter studies are required to validate the predictive significance of these associations.
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