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INTRODUCTION 

 
The folate cycle plays the central role in the cell metabolism. Among its  importan roles 

it has to be mentioned the delivery of one-carbon units for the methionine cycle in order to be 

used in methylation reactions together with purine and pyrimidine synthesis. The folate 

deficient nutrition or the gene polymorphisms of enzymes of folate metabolism can be 

associated with the development of megaloblastic anemia, malformations (neural tube defects, 

Down syndrome) and different malignant diseases (especially of gastrointestinal tract and 

leukemias). The high homocysteine (HCY) concentration, which is the marker of low folate 

status is associated with cardiovascular and Alzheimer’s diseases. Several enzymes of the cycle 

are targets of chemoterapeutic drugs. The folate metabolism by means of its importance has 

long been in the middle of the clinical, nutritional and biochemical investigations. The structure 

of folate metabolism is considerably complex and contains several interdependent cycles, thus 

only those parts are discussed in details, which has been investigated.  

The cytosolic serine hydroxymethyltransferase (SHMT1) is a vitamin B6 dependent 

enzyme that catalyzes the reversible conversion of serine and tetrahydrofolate (THF) to glycine 

and 5,10-methylenetetrahydrofolate (5,10-MTHF), a reaction which provides one-carbon units 

for S-adenosylmethionine (SAM), and for purine and pyrimidine synthesis. 

Methylenetetrahydrofolate reductase (MTHFR) irreversibly converts 5,10-MTHF to 5-

methyltetrahydrofolate (5-methylTHF) using vitamin B2 as a cofactor. 5-methylTHF is the 

most stable and abundant form of folate metabolites, which in turn is the methyl donor in the 

conversion of HCY into methionine. Decrease in MTHFR reductase activity could lead to 

impaired HCY catabolism. There are two common functional SNPs on the MTHFR gene, 

which are in close linkage: the C677T and the A1298C substitutions. The C677T 

polymorphism on the exon 4 results in an Ala->Val substitution at codon 222. Compared to the 

MTHFR 677C homozygotes the TT and CT genotypes have 70% and 30% lower enzyme 

activity, respectively. The 677T allele has been associated with elevated plasma HCY levels.  

Thymidilate synthase (TS) is the key enzyme of thymidilate biosynthesis, related to the 

folate metabiolism, an important regulator of deoxynucleoside triposphate (dNTP) levels. 

Small change in the expression of dNTP synthesizing enzymes already influences the available 

amount of dNTP and the alteration of dNTP pool affect the replication fidelity. The folate/one-

carbon metabolism influences the DNA integrity and the transcription intensity by the mean of 

nucleotide synthesis and DNA methylation mechanism. Accordingly, the individual genetic 

factors, which influences the folate/nucleotide metabolism, implicitly influences the genetic 

stability at least by two different pathways, and modify the molecular carcinogenesis. There are 



two functionally important TS gene (TYMS) polymorphisms on the mRNA. One is a lenght 

polymorphism on the promoter-enhancer region at 5’-UTR, which usually comprise 2 or 3 

tandem repeats (rarely more) of 28 bp units (2R or 3R), and is known to have a role in the 

autoregulation mechanism of transcription. The other is a same frequent, 6 bp ins/del type 

polymorphism localized on the 3’-UTR. 

Homocysteine is a sulphur-containing amino acid, produced mainly by S-adenosyl-

methionine mediated methylation reactions. It is well-known that the total serum HCY level 

among others is influenced by gender (higher in males), age (increasing with ageing), BMI 

(increased in obese individuals) and renal function (increased in renal impairment). Moreover, 

its accumulation in the serum is related to a number of disease conditions: vascular disease, 

cancer, neural tube defect, etc. HCY reflects the combined pool of free, albumin bound, 

reduced and oxidized forms of HCY in the blood. Remethylation of HCY by methionine 

synthase, a vitamin B12 dependent enzyme, is the major metabolic pathway. The HCY level is 

inversely associated with the folate level and was suggested to be a risk factor of cancers. 

Moreover a study suggested the role of HCY as a tumor marker of CRC. This finding led to the 

exclusion of HCY from our analysis of cancer risk to avoid an eventual bias. 

 

The incidence of colorectal cancer (CRC) is the fourth most common among cancers in 

the world and is the fourth most common cause of death. In conformity with the data of WHO 

more than a million of new case are recognised each year, and 529,000 patients die because of 

CRC. In Hungary the CRC is the second most common cancer both for male and female 

population, and is also one of the most common cause of cancer death. The mean age of 

patients at diagnosis in Hungary is 60 years. Among near upon 9,000 new cases diagnosed/ 

year approximately 2,800 cases had rectal cancer. Both environmental and genetic factors play 

role in the development of CRC. About 88-94% of CRCs are sporadic and 5-10% are inherited 

forms. Several studies investigated the role and importance of environmental factors in the 

etiology of CRC. Possible influencing factors related to the nutrition: the total caloric intake, 

the amount of meat, fat, protein and fiber in the food and the consumed amount of fruit and 

vegetables. The total caloric intake and the obesity conform with the investigations seemed to 

be independent risk factors of CRC development. The higher body mass index doubles the risk. 

This correlation is more pronounced for males and is stronger in case of colon cancer. The 

incidentally chemopreventive role of calcium, antioxidant vitamins (E, C, A) and folic acid 

need to be determined in the future investigations, because the actual results are not 

unequivocal. The permanent and abundent smoking unequivocally increase the incidence of 

both adenoma and CRC. In addition to those listed other risk factors may also play a role. The 



chance for disease developing increases with age, is more frequent in males and the previous 

cholecystectomy also increases the risk. Different hormonal factors are also probable, mostly in 

females. Such factors are the early menopause, the first pregnancy in older adults and the 

nulliparity. 

The low penetrancy gene combinations, the „western lifestyle” and the nutrition 

together may play role in the pathogenesis of sporadic CRC. The chemicals with environmental 

or endogenous impact may cause loss of bases, change of bases, insertion of bases, oxidation, 

depurination, depyrimidation, alkylation, one and duble strand breaks, etc in the DNA.   

Usually, the more mutations are created in one or more independent cells, the more higher the 

risk for cancer development. The risk of mutation in some measure can be restricted. It depends 

on the extent to which a potential carcinogen is metabolised in the organism, what is its 

intensity and how complete is its catabolism and excretion. These processes are controlled by 

different gene polymorphisms on the individual and population level. Several results suggest 

the role of gene polymorphisms of folate-cycle enzymes in the etiology of CRC. The low folate 

intake and the low bioavailability of folates may respond for the increased CRC risk. Studies 

have proved the importance of some gene polymorphism of folate-cycle enzyme (e.g. the 

MTHFR in colorectal carcinogenesis). However, the results are occasionally contradictory. 

Some publications presented an inverse role of folate in the sequency of adenoma-carcinoma. 

The role of MTHFR C677T polymorphism in the risk of CRC is also not uniform. A meta-

analysis showed that the MTHFR 677TT genotype means, although on a moderate level, but a 

significantly lower CRC risk. 

Another less widely studied enzyme of folate/one-carbon metabolism, SHMT1, has a 

frequent but functionally less characterized Leu->Phe polymorphism (SNP variant C1420T). 

This polymorphism was associated with significantly reduced risk of acute lymphocytic 

leukemia and malignant lymphoma, but not colorectal adenoma. However, in a CRC study no 

evidence of gene influence on the risk or association of this polymorphism with folate or HCY 

levels were found. The results of this prospective study may be considered with caution 

because the population received aspirin and beta-carotine. Both drugs may influence the CRC 

risk. The modifying effect of SHMT1 C1420T polymorphism on CRC risk remained 

undecided. 

Rectal and colon cancer differ in their histology, diagnosis, sensitivity to radiotherapy 

and prognosis, as well. The treatment of rectal cancer usually includes preoperative 

radiotherapy, while colon cancer is non-radiosensitive. Both types of cancer have similar and 

also different risk factors. Low folate and/or excessive alcohol intake are risk factors for both 

disease, but the physical activity has different effect on their risk. In a large prospective US 



cohort body mass index (BMI) was related to increased risk of colon, but not rectal cancer. 

There are few studies investigating the genetic risk factors separately in rectal and colon 

cancer, showing net differences between rectal and colon cancer. The inconsistent results of the 

previous studies examining the polymorphisms in CRC may arise from the fact that dissimilar 

proportions of rectal and colon cancer cases were included in the investigations. 

The chemotherapeutic drugs introduced after 1990 (irinotecan and oxaliplatin) and 

firstly in early 2000s used targeted (biological) therapies significantly improved the life 

expectancy of patients with advanced CRC. Before the introduction of 5-FU the median 

survival after diagnosis was less than half of the year for patients with metastatic CRC. This 

with 5-FU-based chemotherapy was extended to one year. The median survival with 

combionation based on irinotecan or oxaliplatin reached 14-16 months and the simultaneously 

or successive application of all three drugs, or combined with biological therapies 

(bevacizumab, cetuximab, panitumumab, etc.) increased it to over 20 months. It can be said 

that using modern chemotherapeutic agents and targeted therapies the metastatic CRC patients 

live twice as long on average than a decade ago. However, the metastatic, inoperable CRC is 

still incurable, fatal disease. Further progress is expected from rapid traslation of the results of 

basic research of molecular targets into clinical practice, from results of randomized clinical 

trials, and validation and introduction of the results of pharmacogenetic investigations in larger 

cohorts.  

 

It needs also to be mentioned that some gene polymorphisms may act in an unexpected 

way. A given drug, which is a component of a combination chemotherapy, may influence the 

mechanism of action of the other drug(s). Furthermore, some gene polymorphisms related to 

the pharmacodynamics of a drug, surprisingly, can affect the efficacy of the other drug(s). 

Bevacizumab inhibits VEGF-A, thus it may be important to know, how other 

endogenous regulators of angiogenesis may influence tumor behavior. For instance, the folate 

cycle genes and their products - which are also involved in the mechanism of action of 5-FU - 

have antiangiogenic properties. Lowering the HCY decreases the level and expression of 

VEGF, or inversely, high HCY increases the VEGF level. Moreover, the creatinine clearance, 

which has been shown to be a pharmacokinetic determinant of irinotecan metabolism,
 
is 

independently associated with VEGF level in patients with hypertension, which can be induced 

by bevacizumab treatment, as well. The above mentioned factors and of course, the folate cycle 

gene polymorphisms, which may alter the HCY levels and thus the VEGF levels may modify 

the effect of B. The results regarding the association of the VEGF level and efficacy of 



bevacizumab remains controversial supposedly because of VEGF isoforms, which need to be 

clinically investigated in the future. 

Toxic side effects of medications present a serious problem for the patient and his 

doctor. Currently, is not exactly known which parameters cause the side effects, but supposedly 

the role of genetic factors are very significant. The detection of genetic predisposition, the 

prediction of an increased sensitivity to a drug especially in case of children medication is of 

major importance. 

Methotrexate (MTX) is a folate antagonist which is widely used in the treatment of 

malignancies and in non-neoplastic diseases as an anti-inflammatory or immunosuppressive 

drug. High-dose methotrexate (HD-MTX) is one of the most important agents in the 

neoadjuvant and adjuvant therapy of osteosarcoma. The incidence of drug-related deaths can be 

reduced with leucovorin rescue together with urinary alkalyzation and hydration. However, 

acute and delayed toxicities still constitute clinical problems. MTX-induced neurotoxicity 

includes nausea, emesis, headache, dizziness, poor memory, lethargy, aphasia, blurred vision, 

seizures, hallucinations and leukoencephalopathy. The exact pathophysiological mechanisms of 

neurotoxicity are still not understood. It has been postulated that the neurotoxicity associated 

with MTX is a consequence of its direct damaging effect on the central nervous system. In 

addition, MTX induces metabolic alterations, which could be responsible for the observed 

neurotoxicity. 

MTHFR has a key role in the folate cycle The MTHFR C677T TT genotype results in 

imbalance in the intracellular folate pools and treatment with antimetabolites, such as MTX, 

can increase homocysteinaemia, causing additional toxicity. It has been suggested that 

homocysteine is at least partly responsible for ischaemic white matter changes, mineralising 

microangiopathy and focal neurological deficits observed after MTX treatment. There are some 

reports of MTHFR C677T polymorphism and MTX toxicity. 

 

Osteosarcoma is the most frequent primary tumour of bones. The frequency of 

osteosarcoma per year is about 1.5 / million inhabitants, which in Hungary means 15 new cases 

per year. Its incidence is double for men. May occur at any age, but 60% appears in the first 

two decades. The most commonly affected bones in children and adolescents are the femur 

(44%), tibia (17%) and humerus (15%). In recent decades, significant changes occurred in the 

diagnosis, treatment, and survival results of osteosarcoma. 100% of untreated patients with 

osteosarcoma die within a year. In the 1970s, only surgical treatment (radical amputation) was 

used. With surgery five-year survival could be achieved in 15-20% of patients without 

metastases at the time of diagnosis. The chemotherapy was an essential step towards the 



treatment of osteosarcoma, fundamentally changed the treatment strategy, and thus 

significantly increased the survival. In the second half of 1980s was introduced the combined 

preoperative and postoperative chemotherapy, which increased the five-year survival to 55-

75% in patients without metastases. In early 1990s five-year survival was also achieved in 75-

85% in early, low-grade stages. With the use of combination chemotherapy is possible to 

perform limb-saving surgery in 80-85% of early recognized cases, and an increasing number of 

metastases are metastasectomized. The five-year survival of patients who respond to 

chemotherapy ranges between 91-95%, while in nonresponsive patients this is only 50-60%. In 

this latter group of patients the relapse rate is significantly higher, 40% of patients have 

progressive disease and die due to the pulmonary metastases. Despite of several studies the low 

response rate to chemotherapy remains a problem to be solved in patients with osteosarcoma. 

Clinical studies have shown that in patients who respond poorly to chemotherapy the use of 

more aggressive chemotherapy is not successful, and only the number of non-negligible side 

effects increases. 



AIMS 

 

During my research I wanted to investigate the role of polymorphisms of some genes of 

folate  metabolism 1.) in cancer risk, 2.) in the response to the cytotoxic treatments and 3.) in 

the occurence of side effects.  

 

1.) The effect of investigated polymorphisms on the development of colon and rectal 

cancer risk 

The importance of SHMT1 C1420T and MTHFR C677T polymorphism in the colon and rectal 

cancer risk. Effect of SHMT1 C1420T and MTHFR C677T polymorphisms on the HCY levels, 

as a factor of cancer risk. 

 

2.) The effect of investigated polymorphisms on the response to treatment 

To test the impact of 5-FU-related gene polymorphisms (TYMS, MTHFR and SHMT1) and of 

other markers (dihydropyrimidine dehydrogenase (DPD) enzyme activity, HCY,  and estimated 

serum creatinine clearance (eCcr)) on first-line FOLFIRI+bevacizumab regimen efficacy in 

metastatic colorectal cancer patients, which includes the evaluation of clinical response, 

progression-free and overall survival. 

 

3.) The effect of investigated polymorphism on the development of adverse events  

Investigation of the effect of above (2.) mentioned polymorphisms on the adverse events during 

the FOLFIRI+bevacizumab treatment. 

To validate the role of gene polymorphism of folate metabolism enzymes in the development 

of adverse events a separate case report was also presented. In this study a patient with 

osteosarcoma treated with HD-MTX was described. After the MTX infusion, acute 

neurological disturbances were detected followed by severe hepatotoxicity and delayed MTX 

clearance. In order to investigate the acute toxicity pharmacogenetic and –kinetic methods was 

applyed.  



PATIENTS AND METHODS  

 

The investigated populations for cancer risk 

For the case-control study 955 patients with colorectal adenocarcinoma were included. Cases 

of colon and rectal cancers were 476 and 479, respectively. The 461 and 478 sex and age 

matched healthy individuals recruited all across Hungary were considered as controls. 

Consecutive series of patients from all regions of the country diagnosed with rectal or colon 

tumors (Dukes’ stage A, B, C and D). The control population comprised healthy blood donors, 

healthcare workers or non-cancer patients.  

 

Patients treated with FOLFIRI+bevacizumab 

Patients were randomly enrolled from the Medical Oncology Departments of National Institute 

of Oncology, Budapest, Hungary. Enrollment for this prospective study began in January 2006 

and completed in September 2008. Eighty-five patients were eligible for inclusion (46 males 

and 39 females; median age 56 years) with a histologically confirmed
 
CRC with at least one 

radiologically measurable
 
metastatic lesion according to Response Evaluation Criteria in Solid 

Tumors 1.1” (RECIST). Patients were ineligible
 
if they had a history of previous exposure to

 

biologic therapy or previous chemotherapy (except adjuvant
 
treatment) for CRC, or had 

uncontrolled severe organ or metabolic
 
dysfunction or known CNS metastases. Tumor response 

was evaluated every 2 to 3 months by CT scan and/or MRI according to the RECIST and 

classified as complete response (CR), partial response (PR), stable disease (SD) and 

progressive disease (PD).  

 

The FOLFIRI+bevacizumab treatment 

The FOLFIRI+B regimen consisted of bevacizumab (5 mg/kg), irinotecan (180 mg/m
2
), bolus 

5-FU (400 mg/m
2
), and leucovorin (400 mg/m

2
), followed by a 46-hour infusion of 5-FU (2400 

mg/m
2
). This regimen was administered intravenously every 2 weeks and continued until 

disease progression or unacceptable toxicity. Adverse event grading was performed according 

to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), 

version 3.0. 

 

Sample preparation for cancer risk investigation 

Blood samples from controls and patients were collected into EDTA (15%) containing tubes 

after overnight fasting. From the whole blood PBMCs were isolated by Ficoll gradient. DNA 

from PBMC was extracted by using Master Pure TM Genomic DNA Purification Kit 



(Epicentre Technologies, Madison, WI, USA). Aliquots of blood plasma were frozen within 10 

minutes after blood sampling, stored at –84 °C until investigation of HCY. 

 

Genotyping 

The MTHFR C677T (rs1801133) genotypes were determined by PCR-RFLP method. The 

SHMT1 C1420T polymorphism (rs1979277) was investigated by an allele discrimination 

method using fluorogenic 3’-minor groove binding probes. The real-time PCR was performed 

in Rotorgene 2000 real-time cycler (Corbette Research, Australia). The TYMS 5’UTR variable 

number of tandem repeats and 3’UTR ins/del polymorphisms were investigated by PCR and 

PCR-RFLP methods. 

 

Determination of biochemical and hematological parameters 

The HCY levels were investigated by HPLC technique applying the HCY kit 

(Immundiagnostik AG, Bensheim, Germany). The upper normal HCY level (15 μM) was used 

as the cut-off level. The other biochemical and hematological parameters were determined by 

standard laboratory methods. The eCcr values were calculated with the formula of Cockcroft & 

Gault. The median level of the eCcr (95 μM) was used as the cut-off level. The DPD activity of 

PBMCs was investigated by a radioenzymatic method. The cut-off value was 15 pmol/min/10
6
 

PBMC. 

 

Statistical methods for the case-control study 

The means and proportions between cases and controls were compared by t test and χ
2
 test for 

goodness-of-fit, respectively, except for HCY where Mann-Whitney U test was used. The 

difference in the distribution of diplotypes was analysed by pooling the groups with variant 

allele(s). Beside sex, the median age of 60 years was used as threshold for stratification. The 

association between polymorphisms and cancer risk was evaluated by logistic regression 

analysis adjusted for age, sex and BMI. The results are given as odds ratio (OR) and 95% 

confidence interval (95% CI). Trends in the OR (gene dosage effect) were calculated by 

assigning ordinal values to the genotypes. 

The assumable potential impacts of population stratification bias in the studied population were 

estimated with the formulas of Lee and Wang. In order to have a result, which cannot be 

explained away by population stratification bias alone the effective OR should be higher than 

the calculated one. 

The age, sex, BMI and Dukes’ stage adjusted HCY mean values in different geno- and 

diplotype groups were compared by Kruskal-Wallis ANOVA and Kruskal-Wallis Z post hoc 



test. The same analysis for different Dukes’ stages was applied for HCY mean levels adjusted 

for age, sex and BMI. The linear trend was also tested for different Dukes’ stages.  

All statistical tests were performed with NCSS software (Hintze, J. 2001. NCSS and PASS. 

Number Cruncher Statistical System, Kaysville, UT, www.ncss.com). A level of 5% or if the 

95% CI did not include unity was considered significant. 

 

Statistical methods in the study of FOLFIRI+bevacizumab treatment 

To investigate the association between biologic features and clinical response, rxc exact test 

was performed. Multivariate Cox proportional hazard regression was used to examine the 

effect of individual factors on survival. Hazard ratios (HR) and 95% confidence intervals (CI) 

are presented. The multivariate analyses were adjusted for age, sex, tumor site and grade, 

metastatic site, performance status, adjuvant chemotherapy and platinum-based chemotherapy 

(2
nd

 or 3
rd

 line, only for OS). The survival was also estimated according to Kaplan-Meier 

method and log-rank test was performed in case the multivariate analysis resulted in 

independent variables. All statistical tests (if it is not otherwise stated) were performed with 

NCSS software. 

 

Statistical methods of the case-report study 

The curves presenting the changes in time of MTX and its metabolite, 7-hydroxy-MTX (7-OH-

MTX) concentration in serum was fitted with MEDUSA™ 1.5 (CheMicro Ltd, Budapest) 

software. 



RESULTS 

 

The effect of gene polymorphism of folate cycle on cancer risk in case of colon and rectal 

cancer patients 

The investigated characteristics (age, sex and BMI) distributions of patients and controls were 

similar. The HCY levels were significantly higher in cancer patients (mean±SE: 20.8±0.30; 

p<0.0001 and 19.1±0.27; p<0.0001 for colon and rectal cancer, respectively) than in controls 

(17.9±0.32 and 17.7±0.30). The distribution of SHMT1 C1420T and MTHFR C677T genotypes 

in controls and cases was in conformity with the HWE. The univariate comparison of raw 

genotype distributions of cases and controls revealed significant difference only in case of 

rectal cancer for both SHMT1 C1420T and MTHFR C677T polymorphisms. An opposite 

distribution shift from variant homozygotes toward wild type and from wild type to 

hetorozygotes was present in case of SHMT1 and MTHFR, respectively, hence the SHMT1 

CT+TT / MTHFR CC diplotypes were significantly underrepresented among cases with rectal 

cancer. No association was observed in colon cancer for SHMT1 and MTHFR CT or TT 

genotypes compared with the CC genotype. In contrast with colon cancer, the adjusted risk 

ratio for rectal cancer was significantly lower for SHMT1 TT and higher for MTHFR CT 

genotypes. A gene-dosage effect was observed only for SHMT1 with the progressively 

decreasing risk ratio with increasing number of T allele (p=0.014). The stratified analysis 

according to age and sex revealed that the association of rectal cancer with these 

polymorphisms was present mainly in younger (<60 year) or male subgroups. In the stratified 

analysis according to the BMI (<25 vs ≥25) there were non-significant differences only. 

Analyzing the association of cancer risk with diplotypes it was observed that the presence of 

SHMT1 T allele decreased the risk of rectal cancer only in case of wild type MTHFR. 

Estimating the assumable potential impact of population stratification bias by the method of 

Lee and Wang it was found that our results can not be explained with a possible bias generated 

by the population stratification. 

 

The effect of the investigated polymorphism on the HCY level 

In order to investigate the effect of SHMT1 C1420T and MTHFR C677T polymorphisms the 

age, sex and BMI adjusted mean HCY levels in different diplotypes were compared in controls 

and patients. The HCY levels of patients were also adjusted for Dukes’ stage, because the mean 

HCY levels were significantly higher in advanced stages of the disease. In controls the 

presence of SHMT1 variant allele resulted in significantly higher HCY levels while this effect 



could not be observed in patients. The MTHFR T allele had no unequivocal effect on HCY 

levels. 

 

The effect of investigated polymorphism on the response to the FOLFIRI + bevacizumab 

treatment 

Most patients (> 90%) had an ECOG status of 0 or 1 at the start of treatment. The eCcr varied 

between 37 to 220 ml/min. The HCY varied between 10.8 to 29.9 with the median value of 

20.3 µM. It is notable the high rate (> 80%) of hyperhomocysteinemia (>15 µM) among 

patients with colorectal cancer. The DPD enzyme activities were found to be in range of 5.3 to 

52.6, while the median value was 19.2 pmol/min/10
6
 PBMC. All genotypes agree with those 

predicted by the HWE. Under first-line FOLFIRI+B chemotherapy 10 patients showed CR 

(12%), 43 had PR (51%), 23 had SD (27%) and 9 progressed (10%). The objective response 

rate (CR+PR) was 63%, while the clinical benefit (CR+PR+SD) reached 90%. The median PFS 

was 11.0 months (95% CI, 9.0 to 13.0 months) and the median OS was 24.0 months (95% CI, 

21.0 to 27.0 months). The eCcr, HCY, DPD and each genotype were compared with efficacy. 

The presence of SHMT1 1420T allele improved the clinical response (P=0.025) and the clinical 

benefit (98%) was significantly higher (P=0.013) compared to that of the wild type (CC) 

genotypes (82%). The progression free survival was significantly longer (P=0.00004) for 

patients with SHMT1 1420T allele compared with the CC genotypes. In multivariate Cox 

analysis beside SHMT1 the tumor differentiation grade and patients’ performance status proved 

to be independent determinant of PFS. The median PFS was prolonged by 4 months in case of 

patients carrying the SHMT1 1420T allele (13 months; HR=0.31; 95%CI, 0.18 to 0.54; 

P=0.00004) when compared with that of the CC genotypes. The PFS curves according to 

Kaplan-Meier diverged early during the treatment in the two SHMT1 genotype groups. The OS 

was also longer with 1.5 month for patients with SHMT1 1420T allele compared with that of 

the wild genotypes and the multivariate Cox analysis revealed statistically significant 

difference (HR=0.51; 95%CI, 0.27 to 0.96; P=0.034). The all other investigated parameters did 

not influenced significantly the response to treatment, PFS and OS. 

 

The adverse events of the FOLFIRI+bevacizumab treatment 

Ninety-one percent of patients presented adverse events. The rate of grade 3 or 4 toxicities 

except hypertension was low. Hypertension was the most common adverse effect, while 

neutropenia was the most common hematologic toxicity. Adverse events related to 

bevacizumab including hypertension, bleeding, venous thromboembolism and proteinuria were 

present in 55% of patients and about half of them (27%) presented grade 3 or 4 toxicities. All 



patients had their blood pressure controlled and every fourth required medication. Statistically 

significant association was found between hypertension and efficacy (response, PFS and OS). 

In case of patients with grade >1 hypertension the objective clinical response (CR+PR) (89%) 

was significantly higher (χ
2
 test P=0.00002) than in patients with no or grade 1 hypertension 

(43%). Patients with grade >1 hypertension had a superior median PFS (15 vs. 9 months, log-

rank test P=0.0002) and OS (28 vs. 18 months, P=0.003). The multivariate Cox proportional 

hazard regression model revealed that beside SHMT1 1420T allele the grade >1 hypertension 

was an independent prognostic factor of the significantly longer PFS and OS. Neither SHMT1 

1420 polymorphism nor any investigated parameter or genotype showed association with the 

occurrence of grade 2 or higher hypertension. At the same time, while there was a very 

significant impact of hypertension on the OS in case of SHMT1 1420C homozygous patients 

(P=0.0002), this effect could not be observed in patients carrying the T allele (P=0.356). 

 

Presentation of toxic MTX treatment in case of a patient with osteosarcoma, the 

importance of MTHFR C677T polymorphism 

Of particular significance is the high-dose methotrexate (HD-MTX) treatment of osteosarcoma 

neoadjuvant and adjuvant therapy, but this treatment often cause acute and chronic toxic side 

effects, whose prediction with possible genetic risk factor(s) has major importance. 

In our study a 10-year-old patient with diagnosed sarcoma is followed up. He was treated 

according to the Cooperative Osteosarcoma Study 1996 protocol. Twenty minutes after the end 

of the first HD-MTX infusion the patient become somnolent, had urinary incontinency, 

decreased reflexes, presented mild nystagmus and light sensitive myosis. The vital parameters 

were within the normal range. Parenteral dexamethasone was administrated immediately due to 

suspicion of brain oedema. Forced diuresis was begun with administration of furosemide every 

6 hours. The neurological symptoms disappeared in 24 hours. Prior of HD-MTX therapy serum 

alanine aminotransferase (ALT) and γ-glutamyl transpeptidase (GGT) were in the 

physiological range. ALT was significally elevated at the time of the acute neurological 

disturbances and become normal on the 35
th

 day. The serum GGT level also increased and was 

normalized in two months. There were no disturbances in the patient’s renal function. The 

plasma concentration of MTX and 7-OH-MTX was monitored by HPLC and showed delayed 

elimination compared with the respective levels of 56 osteosarcoma patients (also treated with 

HD-MTX) with normal MTX elimination. The test result for the patient’s MTHFR C677T 

polymorphism: TT genotype (homozygous variant). Leucovorin was administrered for 186 

hours. During subsequent anticancer treatments, no MTX was applied, and after a limb-saving 

operation and 6-year follow-up period the patient was in complete oncological remission. 



CONCLUSIONS 

 

This is the first study presenting the protective effect of SHMT1 1420T allele or SHMT1 

1420 T allele / MTHFR 677 CC diplotype against rectal cancer risk. SHMT1 1420 variant 

significantly increase HCY levels in controls but not patients. HCY could be considered tumor 

marker only in wild-type (CC) SHMT1 1420 CRC patients in Dukes’ stage C and D. Higher 

HCY levels are characteristics of patients in advanced stages of the disease. Further studies 

need to be conducted to reveal the complex role of SHMT1, MTHFR and other folate enzyme 

polymorphisms in colon and rectal carcinogenesis. The importance of HCY level also need to 

be clarified. 

Our study demonstrated, that the SHMT1 1420 polymorphism can influence the 

response, progression free and overall survival of patients with metastatic CRC treated with 

first-line FOLFIRI+bevacizumab. The presence of SHMT1 1420T allele is a marker of better 

response, longer progresion-free and overall survival after FOLFIRI+bevacizumab treatment 

investigated both by univariate and multivariate analysis. The hypertension caused by 

bevacizumab might be of predictive value only in case of wild (CC) SHMT1 1420 genotypes. 

Although further research needs to unravel the exact explanation of this phenomenon, the 

validation of this finding in a larger or multicenter trial would bring closer the opportunity of 

personalized medicine. 

We hypothesize that the association between homozygosity of the MTHFR C677T 

polymorphism and MTX toxicity can be explained by disturbances in the folate status and by 

prolonged MTX exposure due to delayed MTX clearance. Homozygosity for the MTHFR 

C677T polymorphism leads to low serum folate levels with consequent overexpression of the 

FR and RFC genes. In cases of antifolate treatment, such as MTX, the overexpression of these 

transporters leads to a high intracellular concentration of MTX. After polyglutamation, this 

higher level of intracellular MTX becomes more cytotoxic and causes delayed MTX clearance. 

We suggest that the MTHFR polymorphism should be determined prior to HD-MTX in patients 

with malignant disorders to avoid severe, life-threatening complications. 

In conclusion it can be stated that SHMT1 1420 and/or MTHFR 677 polymorphisms 

significantly and in a special manner influence the CRC risk, the efficacy of 

FOLFIRI+bevacizumab treatment and the occurence of adverse events caused by the 

FOLFIRI+bevacizumab treatment in CRC and also by MTX in osteosarcoma. 
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