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Abstract
Our study was designed to prospectively evaluate the role of the methylenetetrahydrofolate reductase (MTHFR) TT677
genotype, the prothrombin (PT) 620210A mutation, the factor V G1691A mutation in leukemic Turkish children treated
according to modified BFM 95 study protocols with respect to the onset at thromboembolic events. Eighty-two consecutive
leukemic children investigated had are established inherited prothrombotic risk factor: 29 children showed the MTHFR gen-
otype (heterozygous, n ¼ 22; homozygous, n ¼ 7); 3 showed the heterozygous PT G20210A variant; 16 were carriers of
the factor V mutation (heterozygous). In addition, combined prothrombotic defects were found in a further 11 patients the
MTHFR mutation was combined with the F V mutation (n ¼ 7), the PT G20210A variant (n ¼ 2). In 7 (8.5%) of these 82
patients, venous thromboembolism occurred. In conclusion, the presence of inherited thrombophilia with Turkish children
treated acute lymphoblastic leukemia may be useful for designing targeted primary prevention strategies.
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Introduction

The TT 677 genotype of the methylenetetrahydrofolate reduc-

tase (MTHFR) and prothrombin (PT) G20210A variant of the

PT gene seem to be common but probably mild risk factors for

venous thromboembolism (VTE). The defects of the protein C

pathway (the factor V G1691A mutation) have also been

reported to be associated with an increased thrombotic risk in

healthy individuals.1 In the previous studies2,3 of healthy Turk-

ish children, the frequency of the FV G1691A heterozygous

mutation, MTHFR genotype, and PT 20210A variant were

detected as 7.4%, 20%, and 2% to 4%. The reported4-6 inci-

dence of TE in children with acute lymphoblastic leukemia

(ALL) varies from 1.1% to 36.7%. There have been contradic-

tory findings regarding the effect of prothrombotic risk factors

(PRFs) on thrombosis in children with ALL in recent years.7,8

In addition, there have been no comprehensive studies investi-

gating PRF in Turkish children with ALL. In this study, we

investigated the possible effects of MTHFR TT677 genotype,

PT 20210 allele, and FV Leiden mutation on venous thrombo-

sis in Turkish children with ALL.

Patients and Methods

Inclusion Criteria

After obtaining parental consent, children 2 years of age and

older who had acute onset of ALL and had been treated accord-

ing to the modified BFM 95 induction/reinduction protocols

between January 2007 and 2009 were included in this prospec-

tive single-center study.
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Exclusion Criteria

Participants without complete remission of the disease (day 30

of the induction protocol), children <2 years of age with leuke-

mia, children receiving heparin prophylactically, children with

concomitant chronic diseases, hepatic failure, severe septice-

mia, and adolescents using oral contraceptives or with nicotine

abuse were excluded from the study.

Patients

In all, 82 children newly diagnosed with leukemia (median age,

9.5 years; male, n ¼ 49 and female, n ¼ 33) who had received

treatment according to the ALL-BFM 90/95 study protocols

were prospectively enrolled in this study. Venous thromboem-

boli were diagnosed by color Doppler sonography. In addition,

cerebral venous thromboses were diagnosed using magnetic

resonance imaging.

Leukemia Therapy

Additional treatment included the administration of prednisone

(60 mg/m2) on days 1 to 36 and weekly vincristine (1.5 mg/m2),

as well as daunorubicine (30 mg/m2) on days 8 and 15 for

standard-risk patients, and on days 22 and 29 for medium-

risk patients. The children also received prophylactically

intrathecal methotrexate on days 1, 12, 30, 45, and 59 during

induction therapy. In reduction therapy, patients received

Escherichia coli asparaginase (ASP) 10 000 IU/m2 on days 8,

11, 15, and 18, along with dexamethasone (10 mg/m2) on days

1 to 21, and weekly vincristine (1.5 mg/m2) and doxorobicin

(30 mg/m2) on days 8, 15, 22, and 29. Medium-risk patients

received a second course of this reinduction protocol. High-

risk patients received E coli ASP in doses of 25 000 IU/m2

on days 6 and 11 of the high-risk -10, -20, and -30 blocks in rein-

duction therapy.

Depending on the individual decisions by parents and our

center, polychemotherapy was administered via peripheral

veins or Porth catheters. Porth catheters were heparin blocked

every 4 weeks with 200 IU of unfractionated heparin. Patients

with relapses received FLAG-IDA protocol (fludarabine, idar-

ubicin, and G-CSF).

Laboratory Analyses

Cells from venous blood, which was collected in EDTA sample

tubes, were separated by centrifugation at 3000g for 15 minutes.

The buffy-coat layer was removed and then stored at �800�C
until DNA extraction was performed by standard techniques.

Ethical Aspect

This study was approved by the ethics committee of Erciyes Uni-

versity Faculty of Medicine. Written informed consent for their

participation was obtained from the children’s parents.

Results

Thrombotic Events

In total, 7 (male, n ¼ 3; female, n ¼ 4) out of 82 consecutive

patients with ALL had VTE during induction (n ¼ 4; protocol

days 21-36) and relapse therapy (n ¼ 3). The median age at

thrombotic onset was 9.5 years (range¼ 2-16 years). The age dis-

tribution of all children was not different from the thrombosis

group. Cerebral venous thrombosis was diagnosed in 2 (2.4%)

patients and deep venous thrombosis (DVT) was documented

in 5 (6%) patients (Table 1). In all, 7 (8.5%) out of 82 patients with

leukemia with PRFs had venous thrombosis, while only 1 (1.2%)

out of 82 children had no identified prothrombotic defect. In addi-

tion, 4 out of 7 children had central Porth catheters.

Presence of Central Lines

In 35 (42%) of the 82 children, polychemotherapy was

administered through central lines. No thromboembolism-

associated death occurred in these patients. In all, 11% of

patients with Porth catheters developed thrombosis. There were

Porth catheters in 4 out of 7 patients with thrombosis and

1 patient who had thrombosis without PRF.

Thrombosis-Associated Deaths and Location of
Thrombosis

Of the 7 patients, 2 died as a result of relapse; however not

related to thrombosis. A total of 4 patients had DVT, 2 had

cerebrovascular occlusion, and 1 had carotis interna thrombosis.

Table 1. Clinical and Laboratory Findings of Patients With Thrombosis

Patient Number
Age (years),

Gender
Type of

ALL Site of Thrombosis Time of Thrombosis CVL Usage Prothrombotic Risk Factor

1 14, Male HRG Carotis interna Relapses No FV G1691A and MTHFR heterozygous
2 13, Male HRG DVT Relapses No FV G1691A and MTHFR heterozygous
3 7, Female MRG DVT Induction therapy No FV G1691A and MTHFR heterozygous
4 12, Female MRG DVT Induction therapy Yes FV G1691A and MTHFR heterozygous
5 7, Female MRG Cerebrovascular Induction therapy Yes FV G1691A heterozygous
6 6, Male MRG Cerebrovascular Induction therapy Yes MTHFR heterozygous
7 14, Female MRG DVT Relapses Yes Not present

Abbreviations: ALL, acute lymphoblastic leukemia; CVL, central venous line; DVT, deep venous thrombosis; MRG, medium-risk group; HRG, high-risk group;
MTHFR, methylenetetrahydrofolate reductase.
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Prevalence of Single Established PRF

All participants investigated had 1 established single PRF.

The TT 677 MTHFR genotype was found in 29 children, while

2 showed the heterozygous PT G20210A variant, and 16 were

carriers of the FV G1691A gene mutation (heterozygous, n¼ 14

and homozygous, n ¼ 2).

Prevalence of Combined PRF

Combined PT defects were found and the heterozygous

MTHFR gene mutation was combined with FV G1691A

(n ¼ 7 but 3 patients without thromboembolism) and with PT

G20210A variant (n¼ 2; Table 2). The MTHFR genotype, het-

erozygous PT 20210A variant, and heterozygous FV Leiden

mutation were found to be 35%, 2.4%, and 19.5%, respectively.

The thrombosis-free cumulative survival analysis was not per-

formed because there were no thrombosis-related deaths among

the patients. Single and combined condition predisposition to

thrombosis was found in 7 of 82 children with thromboembolic

leukemia and during the ALL-BFM study protocols. Of 7 the

symptomatic children 1 did not develop thromboembolism. L-

Asp therapy was administered as part of the treatment regimen for

all patients. A history of central venous line (CVL) insertion was

present in 35 (42%) of 82 patients and was detected in 4 (57%) of 7

children with thrombosis.

Discussion

The present prospective study focused on the role of PRF in con-

secutively admitted newly diagnosed children with ALL present-

ing with single and combined PRF. The rate of thrombotic events

reported here (8.5%) was found to be within the range treated with

BFM-ALL 95. The TT 677 genotype (35%), PT 20210 variant

(2.4%), and heterozygous FV G1691A mutation (19.5%) were

found within the total patient group in this study.

Previous studies carried out in Turkey showed an 8% to 10%
prevalence of FV Leiden mutation and 2% to 4% of PT 20210

variant.2,9 The homozygous and heterozygous MTHFR preva-

lence were found to be 13% and 33%, respectively.9 However,

we have shown here that VTE occurred in 14.6% of children

with leukemia with a diagnosed PRF (7 of 48). It is now evident

that different protocols for ALL can lead to different rates of

thrombotic complication; differences in drugs (sources, dosages,

time, and administration) could explain the variation.10-12 In the

PARKAA studies,13 the TE rates reached 29% and 36.7%. These

studies failed to show any correlation between the presence of

FV Leiden, PT mutation 20210A, and the development of

thrombosis.

Another multicenter prospective study of children with

leukemia on modified BFM 90/95 evaluated the risk of throm-

bosis in patients who had at least 1 identifiable prothrombotic

defect at diagnosis.1 It has been reported that the risk was

higher in patients with a prothrombotic defect (46.5% vs

2.2%; P < .001) and was cumulative; patients with multiple

defects had a significantly higher risk compared to those with

a single defect (P ¼ .009). A meta-analysis14 concluded that

inherited thrombophilia increased the thrombotic risk in

children with ALL by approximately 8-fold.

In the present study, we found that the risk of thrombosis

increased particularly in the presence of 2 PRFs. The risk of

TE in our patients was affected by their treatment regime, the

usage of a central catheter, and the activation state of the

disease.15,16 Besides the involvement of thrombophilia, addi-

tional factors such as steroid and E coli-ASP administration and

endothelial cell injury (with CVL) may function as the trigger

mechanism.10,11 For this reason, particularly children with

ALL and children at high risk of developing TE, such as those

who replaced CVL and received L-ASP or steroid during their

therapy, should be screened for additional PRFs (MTHFR TT

667 genotype, PT G20210 allele, and FV Leiden mutation), and

appropriate measures should be taken to prevent the develop-

ment of thrombosis.

Nowak-Göttl et al reported that the use of dexamethasone

instead of prednisone concomitantly administered with ASP in

patients with leukemia of the same living population treated

according to the BFM-adapted protocols during induction ther-

apy, significantly reduced the symptomatic onset of VTE in the

children investigated.7 Recently, Giordano et al investigated a

number of hemostatic and inflammatory markers at diagnosis

and at different time points during chemotherapy for the remis-

sion induction in order to identify alterations in the plasma levels

of prothrombotic markers before and during the course of

chemotherapy. After starting induction therapy, endothelial

activation markers significantly increased, suggesting an insult

by chemotherapy on the vascular endothelium and steroid

administration.17

Although the probability of thrombosis was found to be high

in the presence of 2 genetic PRFs in this study, there were some

limitations, for example, the study group came from a single-

treatment center and the number of the group was limited.

Moreover, this study only looked at the genetic factors, whereas

additional risk factors such as protein C/S, antithrombin III,

factor V, factor VIII, homocysteine levels, antiphospholipid-

anticardiolipin antibodies, lipoprotein A, and von Willebrand

factor were not evaluated.

Further prospective larger multicenter studies are recom-

mended to establish adequate anticoagulant treatment during

polychemotherapy of Turkish children with ALL, carrying

combined hereditary PRF.

Table 2. Single and Combined PRFs Found Among Symptomatic/All
Children With ALL (Symptomatic Thromboembolic Patients/All
Children)

MTHFR PT 20210 FV No defect

MTHFR 1/39 0/2 4/7 –
PT20210A 0/2 0/1 – –
FV Leiden 4/9 – 1/16 –
No defect – – – 1/1

Abbreviations: ALL, acute lymphoblastic leukemia; MTHFR, methylenetetrahy-
drofolate reductase; FV, factor V; PRF, prothrombotic risk factors.
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7. Nowak-Göttl U, Heinecke A, von Kries R, Nürnberger W,

Münchow N, Junker R. Thrombotic events revisited in children

with acute lymphoblastic leukemia: impact of concomitant

Escherichia coli asparaginase/prednisone administration. Thromb

Res. 2001;103(3):165-172.

8. Jaime-Perez JC, Gomez-Almaguer D. The complex nature of the

prothrombotic state in acute lymphoblastic leukemia of child-

hood. Haematologica. 2003;88(7):ELT25.

9. Eroglu A, Egin Y, Cam R, et al. The 19-bp deletion of dihydrofo-

late reductase (DHFR), methylenetetrahydrofolate reductase

(MTHFR) C677T, Factor V Leiden, prothrombin G20210A

polymorphisms in cancer patients with and without thrombosis.

Ann Hematol. 2009;88(1):73-76.

10. Athale UH, Chan AK. Thrombosis in children with acute lympho-

blastic leukemia. Part II. Pathogenesis of thrombosis in children

with acute lymphoblastic leukemia: effects of the disease and

therapy. Thromb Res. 2003;111(4-5):199-212.

11. Athale UH, Chan AK. Thrombosis in children with acute lympho-

blastic leukemia: part I. Epidemiology of thrombosis in children with

acute lymphoblastic leukemia. Thromb Res. 2003;111(3):125-131.

12. Athale UH, Chan AK. Thrombosis in children with acute lympho-

blastic leukemia Part III. Pathogenesis of thrombosis in children

with acute lymphoblastic leukemia: effects of host environment.

Thromb Res. 2003;111(6):321-327.

13. Mitchell LG, Andrew M, Hanna K, et al. Prophylactic Antithrom-

bin Replacement in Kids with Acute Lymphoblastic Leukemia

Treated with Asparaginase Group (PARKAA). A prospective

cohort study determining the prevalence of thrombotic events in

children with acute lymphoblastic leukemia and a central venous

line who are treated with L-asparaginase: results of the Prophylac-

tic Antithrombin Replacement in Kids with Acute Lymphoblastic

Leukemia Treated with Asparaginase (PARKAA) Study. Cancer.

2003;97(2):508-516.

14. Caruso V, Iacoviello L, Di Castelnuovo A, et al. Thrombotic

complications in childhood acute lymphoblastic leukemia: a

meta-analysis of 17 prospective studies comprising 1752 pediatric

patients. Blood. 2006;108(7):2216-2222.

15. Payne JH, Vora AJ. Thrombosis and acute lymphoblastic leukae-

mia. Br J Haematol. 2007;138(4):430-445.

16. Bajzar L, Chan AK, Massicotte MP, Massicotte MP, Mitchell LG.

Thrombosis in children with malignancy. Curr Opin Pediatr.

2006;18(1):1-9.

17. Giordano P, Molinari AC, Del Vecchio GC, et al. Prospective

study of hemostatic alterations in children with acute lymphoblastic

leukemia. Am J Hematol. 2010;85(5):325-330.

Torun et al 221



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


