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Abstract
Background
Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by systemic inflammatory status, joint destruction, disability, and pain. Methotrexate (MTX) has been confirmed to reduce disease activity and delay or stabilize the development of bone erosions. However, major drawbacks are that patients show great interindividual variability in response to MTX and the unpredictable occurrence of side effects. A strategy for personalized MTX treatment to predict its efficacy and toxicity has not yet been determined.
To establish personalized MTX therapy in Japanese patients with rheumatoid arthritis, we performed a preliminary study for predicting better methotrexate efficacy including single-nucleotide polymorphisms (SNPs) for MTX-related transporters/enzymes.

Methods
Disease control status (good or poor) was judged by the number of Disease Activity Scores (DAS28) of <2 for 6–12 months. The response index R was calculated by the improved area under the curve (AUC) of the DAS28 score for 0–3 or 0–6 months by dividing the cumulative dose of MTX during 0–3 or 0–6 months, respectively. Genotyping of alleles of RFC1 80G > A, RFC1 –43 T > C, FPGS 1994G > A, GGH 401C > T, MTHFR 1298A > C, and TYMS 3'-UTR (−6/+6) was performed using the real-time PCR system.

Results
Seven of 21 patients were judged as good responders in terms of disease control, and the remainder as poor responders. For 0–3 months after starting MTX administration, the median cumulative dose and improved DAS28 AUC in the good and poor response groups were 96.0 mg and 25.4 and 118.0 mg and 23.4, respectively. For 0–6 months, the median cumulative dose and improved DAS28 AUC in the good and poor response groups were 192.0 mg and 51.0 and 214.0 mg and 47.6, respectively. Statistically significant differences between the 2 groups in the 0–6-month period were observed in DAS28 AUC improvement and index R. A slight tendency for a correlation between G/G genotypes and A allele genotypes in RFC1 80 genotypes was observed, although it did not reach statistical significance.

Conclusion
This study suggested that aggressive RA treatment with MTX from the early period of administration is necessary to obtain a good response after 6 months, although no SNPs predicting a better treatment response to MTX were identified.
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Background
Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by systemic inflammatory status, joint destruction, disability, and pain [1, 2]. However, the mechanism of RA onset is not fully clear. Currently, clinical remission, that is, complete suppression of disease activity, is considered the major goal of RA treatment [3–6], and a significant proportion of patients receiving routine follow-up care can achieve this [7–9], although long-term drug therapy is required. Among agents for the treatment of RA, methotrexate (MTX) is the anchor drug and the most widely used disease-modifying antirheumatoid drug (DMARD). MTX has been confirmed to reduce disease activity and delay or stabilize the development of bone erosions [10, 11]. However, major drawbacks are that patients show great interindividual variability in response to MTX, only about 50 % show a good clinical response, and the unpredictable occurrence of a broad spectrum of side effects including alopecia, gastrointestinal disturbances, elevation of liver enzyme levels, and bone marrow suppression [12, 13] forces 30 % of patients to discontinue therapy [14, 15].
In the body, MTX is transported intracellularly via the reduced folate carrier 1 (RFC-1/SLC19A1). Inside cells [16, 17], MTX adds up to 4 additional glutamate moieties via folypolyglutamate synthetase (FPGS) [18–20] and then forms MTX-polyglutamates (MTXPGs). Subsequently, the terminal glutamate MTXPG molecules are removed via gamma-glutamyl hydrolase (GGH) [21–23] and returned to MTX (which is the MTX monoglutamate form) and it is rapidly transported out of the cell by multidrug-resistant proteins. The mechanism of action of MTX is as a folate antagonist [24], and therefore intracellular MTXPGs bind to dihydrofolate reductase (DHFR) and other folate pathway enzymes, thereby exerting antiinflammatory effects, although the detailed mechanism of action remains unclear.
Despite many efforts to identify factors predicting the response to MTX treatment, which have focused on drug disposition including single-nucleotide polymorphisms (SNPs) in genes coding for folate pathway enzymes and MTX transport into and out of cells in patients with RA in relation to MTX efficacy and toxicity [25–32], a strategy for personalized MTX treatment to predict its efficacy and toxicity has not yet been determined.
The purpose of this study was to clarify the relationship between treatment response to MTX and disease control status, identify the genetic polymorphisms for MTX-related transporters/enzymes, and obtain better supportive information to devise a strategy for MTX administration for personalized therapy in Japanese patients with RA.

Methods
Participants, study design, and setting
This was a retrospective observational cohort study. The patients included were unrelated Japanese with RA who regularly visited the PS Clinic (Fukuoka, Japan) from December 2010 to January 2011 and had been administered MTX continuously for 6 months or more, and/or were administered MTX for the first time. All patients gave written informed consent for participation in this study after receiving an explanation of the protocol and goals, especially in order to determine the SNPs related to the MTX treatment response from blood samples. The patients’ clinical data were retrospectively collected from their medical records. Patients who were receiving the combination of low-dose corticosteroids and nonsteroidal antiinflammatory drugs at the same fixed dose during the study period were included. Patients who received biologic agents were excluded from the study.
The study protocol was approved by the Ethics Committee of the LTA Clinical Pharmacology Center and Faculty of Pharmacy, Keio University.

Study drug
The proprietary MTX brands used were Rheumatrex 2-mg capsules (Pfizer, Inc., Tokyo, Japan), Metolate 2-mg tablets (Santen Pharmaceutical Co., Ltd., Osaka, Japan), and Methotrexate 2-mg tablets (Mitsubishi Tanabe Pharma, Tokyo, Japan). The dose of MTX was determined by individual patients’ physicians based on stable clinical symptoms. The MTX doses when discontinuation was required due to the appearance of drug-related side effects were excluded from the study analysis.

Patient characteristics
Gender, age at the commencement of MTX administration, C-reactive protein (CRP) level, erythrocyte sedimentation rate (ESR), rheumatoid factor (RF) level, Disease Activity Score 28-CRP (DAS28-CRP), serum creatinine (Scr), duration of RA, and history of DMARD administration were taken from patients’ medical records.

Outcome measures
Evaluation of treatment response to MTX and disease control
DAS28-CRP was used as the index of disease activity status. DAS28 was calculated from the following formula with the number of tender joints from among 28 joints (T28), number of swollen joints (S28), Visual Analogue Scale (VAS) score, and CRP level [33].[image: $$ DAS28 = 0.56 \times \sqrt{T28} + 0.28 \times \sqrt{S28} + 0.36\  ln\left(CRP + 1\right) + 0.014 \times VAS + 0.96 $$]



                           
Disease control was evaluated based on the value of DAS28-CRP for 6–12 months after the commencement of MTX administration (Fig.1). Good control was defined as when a patient received a fixed dose of MTX for 6–12 months after the start of administration (i.e., no change in the MTX dose) and DAS28 scores of >2 were recorded less than once per month on a day when a physician was visited. All other cases were defined as poor disease control.[image: A40780_2016_47_Fig1_HTML.gif]
Fig. 1Figure Relationship between improved DAS28 area and evaluation periods of disease control status after the start of MTX administration. DAS28: Disease Activity Score-28 joints




                           
The cumulative dose of MTX at 3 and 6 months after the start of MTX administration and the area under the curve of the DAS28 score (DAS28-AUC) were calculated using the trapezoidal rule for each patient. To adjust for the difference in the MTX treatment response due to the variation in patients’ DAS28 scores at the commencement of MTX administration, we assumed that a DAS28 score of 10 was maintained for 3 and 6 months, and in each case the total value of the DAS28 area was 30 during 0–3 months and 60 during 0–6 months, respectively. The improved DAS28 area was calculated by deducting each actual DAS28 area from the DAS28-AUC (30 in 3 months, 60 in 6 months). The value for the improved DAS28 area was divided by the cumulative dose of MTX, that is, we assumed that the improved DAS28 area per milligram of MTX was the index R of treatment response. The results in the good response group were then compared with those in the poor response group. That is, R = improved DAS28 area after the commencement of MTX administration during a 3-month or 6-month period/cumulative dose of MTX during the 3-month or 6-month period.
The evaluation periods for the index R of treatment response were 0–3 months and 0–6 months after the commencement of MTX administration.

Pharmacodynamic factors
As SNPs related to the MTX treatment response, RFC1 80G> A, FPGS 1994G> A, GGH –401C> T, methylenetetrahydrofolate reductase (MTHFR) 1298A > C, and thymidylate synthase (TYMS) 3′-UTR (+6/–6) were evaluated in all patients. The index R of treatment response was compared between the RFC1 80 G/G genotype and A allele, FPGS 1994G allele and A/A genotype, GGH −401 C/C genotype and T allele, MTHFR 1298A allele and C/C genotype, and TYMS 3′-UTR −6/–6 genotype and +6 allele.

Genotyping method
DNA extraction
For genetic analysis, 5 ml of peripheral blood was collected from each patient using the standard venipuncture technique in tubes containing ethylenediaminetetraacetic disodium salt and stored at −20 °C until DNA extraction. DNA was extracted using the Wizard Genomic DNA Purification Kit (Promega Corporation, Madison, WI, USA). DNA extraction procedures were performed following the manufacturer’s instructions. Total genomic DNA was quantified and its purity and integrity were analyzed using the GE Healthcare GeneQuan 1300 Spectrophotometer (Fisher Scientific, Pittsburgh, PA, USA).

Genotyping of alleles of the RFC1 80G> A, RFC1 –43 T > C, FPGS 1994G> A, GGH 401C> T, MTHFR 1298A> C, and TYMS 3′-UTR (−6/+6)
Genotyping of alleles of RFC1 80G > A (rs1051266), RFC1 –43 T > C (rs1131596), FPGS 1994G > A (rs10106), GGH 401C > T (rs3758149), MTHFR 1298A > C (rs1801131), and TYMS 3′-UTR (−6/+6) (rs16430) was performed using the TaqMan SNP Genotyping Assay from Applied Biosystems (Foster City, CA, USA) with fluorogenic binding probes. PCR amplification with the real-time PCR method was performed in 25 μL of reaction mixture including genomic DNA 20 ng (60 ng for FPGS 1994G > A), 0.63 μL of 40 × TaqMan SNP Genotyping Assay Mix (0.32 μL in RFC1 80G > A), and TaqMan Universal PCR Master Mix 12.5 μL. The reaction conditions of PCR were as follows: initial denaturation for 10 min at 95 °C; 40 cycles at 92 °C/15 s; and annealing and extension for 1 min at 60 °C (55 °C for FPGS 1994G > A). The PCR system used was the StepOnePlus real time PCR system (Applied Biosystems).



Statistical analysis
Comparisons between cumulative doses of MTX, improved DAS28 areas, index R, and disease control status were performed using the Mann-Whitney U-test. For comparisons between index R for 0–6 months after the start of MTX administration and RFC1, FPGS, GGH, MTHFR, and TYMS genotypes, the Mann-Whitney U-test was performed. p Values of less than 0.05 were considered to represent statistically significant differences. All analyses were conducted using PASW Statistics 18 (SPSS Inc., Chicago, IL, USA).


Results
Study participants
A total of 21 RA patients (3 men, 18 women) were included in this study. Patient characteristics at the start of MTX administration are shown in Table 1. All patients were taking folic acid, but there was no concomitant use of DMARDs. Seven of 21 patients were judged as showing a good response, and the remaining 14 patients as showing a poor response.Table 1Patient clinical characteristics at the start of MTX administration


	No. of patients
	21

	Women, %
	85.7

	Age (years)
	57 (33–69)

	DAS28-CRP
	4.00 (2.31–6.66)

	CRP (mg/dL)
	1.26 (0.07–11.53)

	ESR (mm/h)
	30 (11–95)

	RF (IU/mL)
	85 (3–260)

	Scr (mg/dL)
	0.60 (0.45–1.02)

	Duration of RA (months)
	28 (3–237)

	DMARD adminstration history (%)
	73.7


Value at the start of MTX admistration: median (minimum–maximum)

                                    MTX methotrexate, DAS28-CRP Disease Activity Score-28 joints–C-reactive protein, ESR erythrocyte sedimentation rate, RF rheumatoid factor, Scr serum creatinine, RA rheumatoid arthritis, DMARD disease-modifying antirheumatic drug



                        

Comparisons between cumulative dose of MTX, improved DAS28 area, index R, and disease control status
Table 2 shows comparisons between disease control status for 6–12 months and cumulative dose of MTX, improved DAS28 area, and index R for 0–3 months and 0–6 months after the commencement of MTX administration between the good control and poor control groups. For 0–3 months after starting MTX administration, the cumulative dose of MTX (median [25–75th percentile]) was 96.0 (94.0–116.0) mg in the good control group (n = 7) and 118.0 (100.0–124.0) mg in the poor control group (n = 14). The difference between the 2 groups was not statistically significant (p = 0.322). The improved DAS28 area was 25.4 (24.5–26.1) in the good control group (n = 7) and 23.4 (22.6–24.5) in the poor control group (n = 14). It was therefore significantly greater in the good control group (p = 0.004). Index R was 0.25 (0.22–0.27) in the good control group and 0.20 (0.19–0.24) in the poor control group. A tendency for a greater index R value was thus observed in the good control group (p = 0.079).Table 2Comparisons between disease control status during 6–12 months and cumulative dose of MTX, improved DAS28 area, and index R for 0–3 and 0–6 months after the start of MTX administration between the good and poor control groups


	 	Disease control status during 6–12 months
	
                                            p-value

	 	Good (n = 7)
	Poor (n = 14)

	0–3 months after the start of MTX administration

	 Cumulative dose of MTX (mg)
	96.0 (94.0–116.0)
	118.0 (100.0–124.0)
	0.322

	 Improved DAS28 area
	25.4 (24.5–26.1)
	23.4 (22.6–24.5)
	0.004

	 Index R (1/mg)
	0.25 (0.22–0.27)
	0.20 (0.19–0.24)
	0.079

	0–6 months after the start of MTX administration

	 Cumulative dose of MTX (mg)
	192.0 (166.0–212.0)
	214.0 (196.0–220.0)
	0.287

	 Improved DAS28 area
	51.0 (49.7–52.2)
	47.6 (45.1–48.4)
	0.001

	 Index R (1/mg)
	0.26 (0.24–0.30)
	0.22 (0.21–0.24)
	0.025


median (25–75th percentile)

                                    MTX methotrexate, DAS28 Disease Activity Score-28 joints



                        
For 0–6 months after starting MTX administration, the cumulative dose of MTX (median [25–75th percentile]) was 192.0 (166.0–212.0) mg in the good control group (n = 7) and 214.0 (196.0–220.0) mg in the poor control group (n = 14) (p = 0.287). The improved DAS28 area was 51.0 (49.7–52.2) in the good (n = 7) and 47.6 (45.1–48.4) in the poor control group (n = 14), meaning that the improvement was significantly greater in the former (p = 0.001). Index R was 0.26 (0.24–0.30) and 0.22 (0.21–0.24) in the good and poor control group, respectively (p = 0.025).

Comparisons between index R for 0–6 months and RFC1, FPGS1994, GGH452, MTHFR1298, and TYMS 3′-UTR genotypes
Table 3 shows comparisons between index R for 0–6 months after the commencement of MTX administration and RFC1, FPGS1994, GGH452, MTHFR1298, and TYMS 3′-UTR genotypes. There were no statistically significant differences among them, although a slight tendency for a correlation between G/G genotypes and A allele genotypes in RFC1 80 genotypes was observed (p = 0.112).Table 3Comparisons between index R for 0–6 months after the start of MTX administration and RFC1, FPGS1994, GGH452, MTHFR1298, and TYMS 3'-UTR genotypes


	Genotype
	
                              n
                            
	Index R
	
                                            p-value

	RFC1 80
	G/G
	6
	0.22 (0.21–0.23)
	0.112

	A allele
	15
	0.24 (0.22–0.30)

	FPGS 1994
	G allele
	17
	0.23 (0.21–0.29)
	0.517

	A/A
	4
	0.24 (0.23–0.28)

	GGH 452
	C/C
	11
	0.23 (0.22–0.29)
	0.973

	T allele
	10
	0.23 (0.22–0.26)

	MTHFR 1298
	A allele
	19
	0.23 (0.22–0.28)
	0.267

	C/C
	2
	0.27 (0.23–0.31)

	TYMS 3'-UTR
	−6/–6
	8
	0.23 (0.22–0.23)
	0.301

	+6 allele
	13
	0.25 (0.22–0.30)


median (25–75th percentile)

                                    RFC1 reduced folate carrier 1, FPGS folypolyglutamate synthetase, GGH gammaglutamyl hydrolase enzyme, MTHFR methylenetetrahydrofolate reductase, TYMS thymidylate synthase



                        


Discussion
As there are large interindividual differences in the response to MTX treatment, we performed a preliminary study on predicting better MTX efficacy in Japanese patients with RA by investigating the relationship between treatment response and disease control status, along with genetic polymorphisms for MTX-related transporters/enzymes.
The good control group during 0–3 months and 0–6 months after the start of MTX administration showed a significantly greater improved DAS28 area than the poor control group (p = 0.004 for 0–3 months, 0.001 for 0–6 months). This result suggests that decreasing the DAS28 score aggressively during the early period of MTX administration contributes to better disease control and subsequent prognosis. Although the therapeutic effect of MTX is thought to depend on the dose, the cumulative MTX dose for 0–3 months and 0–6 months did not differ significantly difference between the good and poor control groups (p = 0.322 and 0.287, respectively). Therefore, individual differences in treatment response are related to the difference in the improved DAS28 area. Index R for 0–6 months was significantly greater in the good control group than in the poor control group (p = 0.025), and there was a nonsignificant tendency for index R to be greater in the good control group for 0–3 months (p = 0.079). Therefore, it appears necessary to tailor the optimal MTX dosage regimen to each patient because the treatment response differs among individuals.
Several groups have reported the factors predicting the response to MTX treatment, which focused on drug disposition including SNPs in genes coding for folate pathway enzymes and MTX transport into and out of cells in patients with RA in relation to MTX efficacy and toxicity [25–32]. Recently, for example, Kung et al. have reported that RFC1 80G > A was associated with MTX efficacy, but not toxicity [25]. Moya et al. reported that two FPGS SNPs (rs10987742 and rs10106) were associated with treatment response and that ABCB1 SNPs (rs868755, rs10280623, rs 1858923) were associated with toxicity [26]. Ghodke-Puranik et al. found that SNPs in MTHFR and RFC1 were associated with MTX efficacy and SNPs in GGH, SHMT1, and TS with MTX-related adverse events [27]. The results of Świerkot et al. showed that MTHFR 677CC, GGH 401TT, and CT genotypes were associated with a reduction in the number of MTX-related adverse events [28]. Our results of comparisons between index R for 0–6 months after starting MTX administration and RFC1 80 G > A, FPGS 1994 G > A, GGH −401 C > T, MTHFR 1298 A > C, and TYMS 3′-UTR (−6/+6) did not show statistically significant differences or clear correlations among them. For this reason, we cannot rule out a type II error in our study, i.e., that the sample was too small to detect significant differences, because RFC1 80G > A genotypes may be slightly correlated with index R (p = 0.112), although no SNPs were. The lack of a significant difference in the cumulative dose of MTX between the good and poor control groups, but a significant difference in the improved DAS28 area and/or index R between them, suggests that these SNPs may contribute to better disease control status at 6–12 months. It is necessary to study this in a larger patient population including single-gene polymorphisms and other factors associated with treatment response.
This study had several limitations. First, the disease control evaluation period was 6–12 months after the commencement of MTX administration. RA is a chronic disease, however, and it has been reported that patients with RA continue receiving MTX significantly longer than other DMARDs, with 60–70 % of them administered MTX for as long as 5.0–7.5 years [34]. This needs to be observed over longer-term follow-up. Second, we defined the disease control status as “good” when the MTX dose was fixed and patients had clinically stable, well-controlled symptoms, i.e., no dose change was necessary during the study period, and/or the number of days patients had a DAS28 score >2 was fewer than once for 6–12 months after the start of MTX administration. These criteria for disease control status would be difficult to apply in clinical practice. In previous studies using the DAS as an index, improvement from baseline to 3 or 6 months was observed [30, 35–38]. In addition, in one study responders were defined as patients with a DAS28 ≤ 3.2 and nonresponders as those with a DAS28 > 2.8 [35]; in another studies, responders were patients with a DAS <2.4 (good clinical response) and nonresponders were those with a DAS >2.4 based on the European League Against Rheumatism (EULAR) response criteria [30, 36–38]. Our definition of maintaining a DAS28-CRP ≤2.0 continuously for 6–12 months is stricter. Therefore, it should be confirmed whether this would be appropriate in clinical practice. Furthermore, the present results should be compared with the results of EULAR improvement criteria, the change in DAS28 from baseline with MTX administration, and with ACR20, 50, and 70, along with other treatment response criteria used in previous studies to determine whether they are equivalent. Third, we did not evaluate whether disease control could be achieved with lower doses of MTX in the good control group, or whether it could be achieved with higher doses in the poor control group, because this was a pragmatic observational study. Further study will be needed to confirm this possibility. Fourth, we excluded patients with adverse drug reactions to MTX, because we focused only on a method for predicting the efficacy of MTX treatment of RA in this study. The clinical application of this “aggressive” RA treatment will need to consider the balance between MTX efficacy and safety. Further study is therefore needed to investigate the dose of MTX in aggressive RA treatment including patients with adverse drug reactions to MTX and to determine which patients should not receive aggressive treatment since they are likely to have adverse reactions. Fifth, the individual differences in treatment response are dependent on susceptibility to treatment or MTX pharmacokinetics, and there are some reports that MTX polyglutamation concentration in red blood cells may be correlated with efficacy in adult patients with RA [29, 39–41], although that concentration was not measured in this study and the correlation was not investigated. The relationship between treatment effect and MTX polyglutamation concentration in red blood cells should therefore be clarified. Finally, the sample size was too small and sensitivity analysis to confirm index R was not performed in this study because it was a retrospective cohort design, and it will therefore be necessary to undertake a prospective study in a larger patient population in the future, including sensitivity analysis and the SNPs related to MTX treatment response studied here.

Conclusion
This study suggested that aggressive RA treatment with MTX administration from the early period is needed to obtain a good response after 6 months, although SNPs for MTX-related transporters/enzymes to predict a better treatment response to MTX were not identified. Further study in a larger sample is planned.

Acknowledgements
We are grateful to the staff of the PS Clinic, LTA Clinical Pharmacology Center, Japan.


                           Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Scott DL, Wolfe F, Huizinga TW. Rheumatoid arthritis. Lancet. 2010;376(9746):1094–108.CrossRefPubMed

2.
McInnes IB, Schett G. The pathogenesis of rheumatoid arthritis. N Engl J Med. 2011;365(23):2205–19.CrossRefPubMed

3.
Combe B, Landewe R, Lukas C, Bolosiu HD, Breedveld F, Dougados M, et al. EULAR recommendations for the management of early arthritis: report of a task force of the European Standing Committee for International Clinical Studies Including Therapeutics (ESCISIT). Ann Rheum Dis. 2007;66(1):34–45.CrossRefPubMedPubMedCentral

4.
Smolen JS, Aletaha D, Bijlsma JW, Breedveld FC, Boumpas D, Burmester G, et al. T2T Expert Committee. Treating rheumatoid arthritis to target: recommendations of an international task force. Ann Rheum Dis. 2010;69(4):631–7.CrossRefPubMedPubMedCentral

5.
Khanna D, Oh M, Furst DE, Ranganath V, Gold RH, Sharp JT, et al. Western Consortium of Practicing Rheumatologists. Evaluation of the preliminary definitions of minimal disease activity and remission in an early seropositive rheumatoid arthritis cohort. Arthritis Rheum. 2007;57(3):440–7.CrossRefPubMed

6.
Listing J, Strangfeld A, Rau R, Kekow J, Gromnica-Ihle E, Klopsch T, et al. Clinical and functional remission: even though biologics are superior to conventional DMARDs overall success rates remain low—results from RABBIT, the German biologics register. Arthritis Res Ther. 2006;8(3):R66.CrossRefPubMedPubMedCentral

7.
Mierau M, Schoels M, Gonda G, Fuchs J, Aletaha D, Smolen JS. Assessing remission in clinical practice. Rheumatology (Oxford). 2007;46(6):975–9.CrossRef

8.
Sokka T, Hetland ML, Mäkinen H, Kautiainen H, Hørslev-Petersen K, Luukkainen RK, et al. Questionnaires in Standard Monitoring of Patients with Rheumatoid Arthritis Group. Remission and rheumatoid arthritis: data on patients receiving usual care in twenty-four countries. Arthritis Rheum. 2008;58(9):2642–51.CrossRefPubMed

9.
Gossec L, Dougados M, Goupille P, Cantagrel A, Sibilia J, Meyer O, et al. Prognostic factors for remission in early rheumatoid arthritis: a multiparameter prospective study. Ann Rheum Dis. 2004;63(6):675–80.CrossRefPubMedPubMedCentral

10.
Jones G, Halbert J, Crotty M, Shanahan EM, Batterham M, Ahern M. The effect of treatment on radiological progression in rheumatoid arthritis: a systematic review of randomized placebo-controlled trials. Rheumatology (Oxford). 2003;42(1):6–13.CrossRef

11.
Pincus T, Ferraccioli G, Sokka T, Larsen A, Rau R, Kushner I, et al. Evidence from clinical trials and long-term observational studies that disease-modifying anti-rheumatic drugs slow radiographic progression in rheumatoid arthritis: updating a 1983 review. Rheumatology (Oxford). 2002;41(12):1346–56.CrossRef

12.
Weinblatt ME, Kaplan H, Germain BF, Block S, Solomon SD, Merriman RC, et al. Methotrexate in rheumatoid arthritis. A five-year prospective multicenter study. Arthritis Rheum. 1994;37(10):1492–8.CrossRefPubMed

13.
Walker AM, Funch D, Dreyer NA, Tolman KG, Kremer JM, Alarcón GS, et al. Determinants of serious liver disease among patients receiving low-dose methotrexate for rheumatoid arthritis. Arthritis Rheum. 1993;36(3):329–35.CrossRefPubMed

14.
Aletaha D, Smolen JS. The rheumatoid arthritis patient in the clinic: comparing more than 1,300 consecutive DMARD courses. Rheumatology (Oxford). 2002;41(12):1367–74.CrossRef

15.
Maetzel A, Wong A, Strand V, Tugwell P, Wells G, Bombardier C. Meta-analysis of treatment termination rates among rheumatoid arthritis patients receiving disease-modifying anti-rheumatic drugs. Rheumatology (Oxford). 2000;39(9):975–81.CrossRef

16.
Goldman ID, Lichtenstein NS, Oliverio VT. Carrier-mediated transport of the folic acid analogue, methotrexate, in the L1210 leukemia cell. J Biol Chem. 1968;243(19):5007–17.PubMed

17.
Matherly LH, Goldman DI. Membrane transport of folates. Vitam Horm. 2003;66:403–56.CrossRefPubMed

18.
Gorlick R, Goker E, Trippett T, Waltham M, Banerjee D, Bertino JR. Intrinsic and acquired resistance to methotrexate in acute leukemia. N Engl J Med. 1996;335(14):1041–8.CrossRefPubMed

19.
Chabner BA, Allegra CJ, Curt GA, Clendeninn NJ, Baram J, Koizumi S, et al. Polyglutamation of methotrexate. Is methotrexate a prodrug? J Clin Invest. 1985;76(3):907–12.CrossRefPubMedPubMedCentral

20.
Kremer JM. Toward a better understanding of methotrexate. Arthritis Rheum. 2004;50(5):1370–82.CrossRefPubMed

21.
Galivan J, Ryan TJ, Chave K, Rhee M, Yao R, Yin D. Glutamyl hydrolase. pharmacological role and enzymatic characterization. Pharmacol Ther. 2000;85(3):207–15.CrossRefPubMed

22.
Rhee MS, Lindau-Shepard B, Chave KJ, Galivan J, Ryan TJ. Characterization of human cellular gamma-glutamyl hydrolase. Mol Pharmacol. 1998;53(6):1040–6.PubMed

23.
Yao R, Schneider E, Ryan TJ, Galivan J. Human gamma-glutamyl hydrolase: cloning and characterization of the enzyme expressed in vitro. Proc Natl Acad Sci U S A. 1996;93(19):10134–8.CrossRefPubMedPubMedCentral

24.
Cutolo M, Sulli A, Pizzorni C, Seriolo B, Straub RH. Anti-inflammatory mechanisms of methotrexate in rheumatoid arthritis. Ann Rheum Dis. 2001;60(8):729–35.CrossRefPubMedPubMedCentral

25.
Kung TN, Dennis J, Ma Y, Xie G, Bykerk V, Pope J, et al. RFC1 80G > A is a genetic determinant of methotrexate efficacy in rheumatoid arthritis: a human genome epidemiologic review and meta-analysis of observational studies. Arthritis Rheumatol. 2014;66(5):1111–20.CrossRefPubMed

26.
Moya P, Salazar J, Arranz MJ, Díaz-Torné C, Del Río E, Casademont J, et al. Methotrexate pharmacokinetic genetic variants are associated with outcome in rheumatoid arthritis patients. Pharmacogenomics. 2016;17(1):25–9.CrossRefPubMed

27.
Ghodke-Puranik Y, Puranik AS, Shintre P, Joshi K, Patwardhan B, Lamba J, et al. Folate metabolic pathway single nucleotide polymorphisms: a predictive pharmacogenetic marker of methotrexate response in Indian (Asian) patients with rheumatoid arthritis. Pharmacogenomics. 2015;16(18):2019–34.CrossRefPubMed

28.
Świerkot J, Ślęzak R, Karpiński P, Pawłowska J, Noga L, Szechiński J, et al. Associations between single-nucleotide polymorphisms of RFC-1, GGH, MTHFR, TYMS, and TCII genes and the efficacy and toxicity of methotrexate treatment in patients with rheumatoid arthritis. Pol Arch Med Wewn. 2015;125(3):152–61.PubMed

29.
Dervieux T, Kremer J, Lein DO, Capps R, Barham R, Meyer G, et al. Contribution of common polymorphisms in reduced folate carrier and gamma-glutamylhydrolase to methotrexate polyglutamate levels in patients with rheumatoid arthritis. Pharmacogenetics. 2004;14(11):733–9.CrossRefPubMed

30.
Wessels JA, de Vries-Bouwstra JK, Heijmans BT, Slagboom PE, Goekoop-Ruiterman YP, Allaart CF, et al. Efficacy and toxicity of methotrexate in early rheumatoid arthritis are associated with single-nucleotide polymorphisms in genes coding for folate pathway enzymes. Arthritis Rheum. 2006;54(4):1087–95.CrossRefPubMed

31.
Muralidharan N, Antony PT, Jain VK, Mariaselvam CM, Negi VS. Multidrug resistance 1 (MDR1) 3435C > T gene polymorphism influences the clinical phenotype and methotrexate-induced adverse events in South Indian Tamil rheumatoid arthritis. Eur J Clin Pharmacol. 2015;71(8):959–65.CrossRefPubMed

32.
Muralidharan N, Mariaselvam CM, Cb M, Negi VS. Reduced folate carrier-1 80G > A gene polymorphism is not associated with methotrexate treatment response in South Indian Tamils with rheumatoid arthritis. Clin Rheumatol. 2015 Mar;15 [Epub ahead of print].

33.
Amaya-Amaya J, Botello-Corzo D, Calixto OJ, Calderón-Rojas R, Domínguez AM, Cruz-Tapias P, et al. Usefulness of patient-reported outcomes in rheumatoid arthritis focus group. Arthritis. 2012;935187.

34.
Kremer JM, Phelps CT. Long-term prospective study of the use of methotrexate in the treatment of rheumatoid arthritis. Update after a mean of 90 months. Arthritis Rheum. 1992;35(2):138–45.CrossRefPubMed

35.
Lima A, Seabra V, Bernardes M, Azevedo R, Sousa H, Medeiros R. Role of key TYMS polymorphisms on methotrexate therapeutic outcome in portuguese rheumatoid arthritis patients. PLoS One. 2014;9(10):e108165.CrossRefPubMedPubMedCentral

36.
van der Straaten RJ, Wessels JA, de Vries-Bouwstra JK, Goekoop-Ruiterman YP, Allaart CF, Bogaartz J, et al. Exploratory analysis of four polymorphisms in human GGH and FPGS genes and their effect in methotrexate-treated rheumatoid arthritis patients. Pharmacogenomics. 2007;8(2):141–50.CrossRefPubMed

37.
Kooloos WM, Wessels JA, van der Straaten T, Allaart CF, Huizinga TW, Guchelaar HJ. Functional polymorphisms and methotrexate treatment outcome in recent-onset rheumatoid arthritis. Pharmacogenomics. 2010;11(2):163–75.CrossRefPubMed

38.
Fransen J, Kooloos WM, Wessels JA, Huizinga TW, Guchelaar HJ, van Riel PL, et al. Clinical pharmacogenetic model to predict response of MTX monotherapy in patients with established rheumatoid arthritis after DMARD failure. Pharmacogenomics. 2012;13(9):1087–94.CrossRefPubMed

39.
Angelis-Stoforidis P, Vajda FJ, Christophidis N. Methotrexate polyglutamate levels in circulating erythrocytes and polymorphs correlate with clinical efficacy in rheumatoid arthritis. Clin Exp Rheumatol. 1999;17(3):313–20.PubMed

40.
Dervieux T, Furst D, Lein DO, Capps R, Smith K, Walsh M, et al. Polyglutamation of methotrexate with common polymorphisms in reduced folate carrier, aminoimidazole carboxamide ribonucleotide transformylase, and thymidylate synthase are associated with methotrexate effects in rheumatoid arthritis. Arthritis Rheum. 2004;50(9):2766–74.CrossRefPubMed

41.
Dervieux T, Furst D, Lein DO, Capps R, Smith K, Caldwell J, et al. Pharmacogenetic and metabolite measurements are associated with clinical status in patients with rheumatoid arthritis treated with methotrexate: results of a multicentred cross sectional observational study. Ann Rheum Dis. 2005;64(8):1180–5.CrossRefPubMedPubMedCentral



Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MH, KM, JH, and MS carried out the genotype determination. TT, MS, and SI carried out the clinical study. MH, KM, and MS performed the pharmacokinetic and statistical analysis. MH, KM, and MM participated in its design and coordination and drafted the manuscript. All authors read and approved the final manuscript.


OEBPS/sidebar.gif





OEBPS/contact.gif





OEBPS/A40780_2016_47_Fig1_HTML.gif
DAs28

Evaluation periods of
sease control status
.

Time (months)





OEBPS/A40780_2016_47_Article_Equa.gif
DAS28 =056 x VI28 + 028 x V528 +0.36 In(CRP + 1) + 0.014 X VAS + 0.9





