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Abstract

Background—The role of low dose methotrexate (LDM) in potential serious toxicities remains 

unclear despite its common use. Prior observational studies investigating LDM toxicity compared 

LDM to other active drugs. Prior placebo-controlled clinical trials of LDM in inflammatory 

conditions were not large enough to investigate toxicity. The Cardiovascular Inflammation 

Reduction Trial (CIRT) is an ongoing NIH-funded, randomized, double-blind, placebo controlled 

trial of LDM in the secondary prevention of cardiovascular disease. We describe here the rationale 

and design of the CIRT-Adverse Events (CIRT-AE) ancillary study which aims to investigate 

adverse events within CIRT.

Design—CIRT will randomize up to 7,000 participants with cardiovascular disease and no 

systemic rheumatic disease to either LDM (target dose 15–20 mg/week) or placebo for an average 

follow-up period of 3–5 years; subjects in both treatment arms receive folic acid 1 mg daily for six 

days each week. The primary endpoints of CIRT include recurrent vascular events, incident 

diabetes, and all-cause mortality, and the ancillary CIRT-AE study has been designed to adjudicate 

Correspondence and reprint requests: Jeffrey A. Sparks, MD, MMSc, Department of Medicine, Division of Rheumatology, 
Immunology and Allergy, Brigham and Women’s Hospital, 60 Fenwood Road, Office 6016U, Boston, MA 02115, Phone: 
617-525-1038, Fax: 617-713-3030, jasparks@partners.org. Medha Barbhaiya, MD, MPH, Department of Medicine, Division of 
Rheumatology, Immunology and Allergy, Brigham and Women’s Hospital, 60 Fenwood Road, Office 6016S, Boston, MA 02115, 
Phone: 617-732-5325, Fax: 617-732-5766, mbarbhaiya@partners.org.
*Contributed equally

HHS Public Access
Author manuscript
Semin Arthritis Rheum. Author manuscript; available in PMC 2018 August 01.

Published in final edited form as:
Semin Arthritis Rheum. 2017 August ; 47(1): 133–142. doi:10.1016/j.semarthrit.2017.02.003.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



other clinically important adverse events including hepatic, gastrointestinal, respiratory, 

hematologic, infectious, mucocutaneous, oncologic, renal, neurologic, and musculoskeletal 

outcomes. Methotrexate polyglutamate levels and genome-wide single nucleotide polymorphisms 

will be examined for association with adverse events.

Summary—CIRT-AE will comprehensively evaluate potential LDM toxicities among subjects 

with cardiovascular disease within the context of a large, ongoing, double-blind, placebo-

controlled trial. This information may lead to a personalized approach to monitoring LDM in 

clinical practice.
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INTRODUCTION

Low dose methotrexate (LDM) is the most commonly prescribed disease-modifying anti-

rheumatic drug (DMARD) in rheumatoid arthritis (RA), used by 4–7 million people 

worldwide, with typical doses ranging from 10 to 25 mg weekly1,2. LDM is considered the 

standard of care for moderate to severe RA and has remained a cornerstone of treatment 

even in the era of targeted biologic DMARDs3. LDM use reduces symptoms, prevents joint 

damage, delays disease progression, works synergistically with biologic DMARDs, and may 

reduce mortality in RA1,4–8. LDM is also commonly used in other systemic rheumatic 

diseases, such as systemic lupus erythematosus, psoriatic arthritis, idiopathic inflammatory 

myopathies, polymyalgia rheumatica, and systemic vasculitides9–11.

While LDM has been in wide clinical use for more than 30 years, no randomized trial of 

adequate sample size has compared LDM to placebo and therefore available data on its 

toxicity are sparse and primarily derived from observational studies. Previous observational 

studies of LDM toxicities were limited by small sample size and short follow-up, lack of a 

well-defined control group, potential confounding from indication, and lack of adequate 

control for concurrent medications or systemic rheumatic disease activity. Many earlier 

studies investigating LDM toxicities were performed prior to routine folic acid 

supplementation, which is known to mitigate side effects, so findings may not be relevant to 

the current standard of care. Moreover, prior work often grouped all adverse events together; 

use of a heterogeneous outcome limits the identification of distinct genetic or clinical risk 

factors for toxicity. Due to these previous limitations, a large double-blinded randomized 

controlled trial with lengthy follow-up and adjudicated adverse event outcomes is necessary 

to investigate the causal effect of LDM use on toxicities.

In May of 2013, the Cardiovascular Inflammation Reduction Trial (CIRT) began 

randomizing patients with known atherosclerotic disease into a multi-national, double-

blinded, placebo-controlled trial addressing whether anti-inflammatory therapy with LDM 

might reduce recurrent cardiovascular event rates9. This ongoing trial provides the unique 

opportunity to carefully assess the incidence rates of a wide variety of adverse events 

potentially associated with LDM use in a contemporary and non-confounded setting.
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Previous Literature on Low Dose Methotrexate Toxicities

LDM has been associated with toxicities in previous studies (Table 1)12–15. Since LDM has 

clearly demonstrated efficacy as the initial treatment for many rheumatic diseases, a large 

randomized placebo-controlled trial within this patient population would currently be 

unethical. Beyond that barrier, the large number of subjects and length of follow-up needed 

to investigate toxicity using a clinical trial would be infeasible to pursue within a rheumatic 

disease population. Therefore, most previous investigations of LDM toxicity were performed 

using observational study designs, so may have the typical limitations of being 

underpowered to find a true association and possible residual confounding explaining 

reported associations. Despite these limitations, the prior observational studies have been 

instrumental in guiding the clinical care for patients with rheumatic diseases prescribed 

LDM for the past three decades. While much is already known about LDM toxicity, using a 

large placebo-controlled randomized controlled trial of LDM may identify novel toxicities, 

quantify the risk for known toxicities, and identify risk factors for these toxicities to further 

optimize the treatment of patients with rheumatic diseases.

Gastrointestinal toxicities are most frequent, with a prevalence of 20–65%, and are usually 

characterized by mild or moderate severity (e.g., nausea, vomiting, diarrhea, abdominal 

pain)13,16–19. Liver toxicity is a common concern and up to 20% of LDM users are 

estimated to have at least one episode of elevated serum transaminases, and 3.7% 

discontinue LDM due to liver toxicity13,20–26.

Interstitial pneumonitis represents the most serious respiratory toxicity for LDM, presenting 

as an acute hypersensitivity reaction with cough, fever, and subacute dyspnea, with mortality 

rates estimated up to 17%27,28. LDM-induced pneumonitis is relatively rare with an 

estimated prevalence of 0.43% and up to 4.5% for less severe manifestations such as 

pleuritis and cough13,27–34. Pneumonitis typically occurs within the first year of treatment 

and occurs more frequently in patients with pre-existing lung disease13,28,29,35.

Serious infections, including pneumonia and septic arthritis, may be more common in 

patients with RA treated with LDM compared to non-use, although these findings may be 

confounded by indication36–38. Since studies performed in large administrative datasets have 

used LDM as the active comparator, the risk due to LDM compared to placebo is unclear39.

Pancytopenia is reported in up to 1.4% of patients on LDM and can be fatal, but most studies 

investigating LDM and myelosuppression were performed prior to the routine use of folic 

acid supplementation15,40–46. Mucocutaneous toxicities of LDM may occur commonly and 

include stomatitis, oral ulceration, alopecia, and rashes47,48. The risk of lymphoproliferative 

disorders is increased among RA patients compared to the general population, primarily in 

the setting of high disease activity and some have ascribed this risk to LDM, although other 

RA-specific factors may also contribute13,49–52.

Context for Cardiovascular Inflammation Reduction Trial Adverse Events (CIRT-AE)

CIRT is a randomized, double-blinded, placebo-controlled, multi-center trial investigating 

whether direct inhibition of inflammation with LDM reduces rates of cardiovascular events 

and mortality among subjects with stable cardiovascular disease (ClinicalTrials.gov number 
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NCT01594333)9. The primary aim of CIRT is to evaluate whether LDM (target dose 15–20 

mg/week) reduces rates of recurrent non-fatal myocardial infarction, non-fatal stroke, and 

cardiovascular death among up to 7,000 men and women who have known coronary 

atherosclerosis (defined as a history of prior myocardial infarction or multi-vessel coronary 

disease) and who are at increased inflammatory risk due to the presence of either type 2 

diabetes or metabolic syndrome. Potential participants with systemic inflammatory diseases 

or contraindications to LDM are not eligible. Subjects in both the LDM and placebo arms of 

CIRT receive folic acid 1 mg daily for six days per week. Prior to randomization, all subjects 

in CIRT undergo a 5–6 (maximum of 8) weeks open-label run-in period in which LDM 

dosing is increased from 5 to 15 mg/week. At randomization, subjects are assigned to 

receive 15 mg/week of either LDM or placebo. If this dose is tolerated for 4 months, the 

dose of study drug is increased to 20 mg/week. Estimated mean follow-up is planned for 3 

years. Full details on the inclusion/exclusion criteria and study design of CIRT are described 

elsewhere (characteristics assessed in CIRT are listed in Table 2)53.

Herein, we describe the design and novel aspects utilized in CIRT-AE to prospectively 

identify, adjudicate, and classify adverse events (AEs) that occur both during the open-label 

run-in phase and in the post-randomization double-blind phase of CIRT. While AEs are 

standard to report in clinical trials, systematic and stringent adjudication and classification 

processes have not been typically pursued. CIRT-AE is positioned to efficiently determine 

whether LDM AEs occur above the background rate in this population at risk for 

cardiovascular disease by comparing to the placebo arm. We define AEs as the clinical 

outcomes occurring during CIRT follow-up and toxicities as the excess of AEs occurring in 

the LDM arm above the rate in the placebo arm in analyses. We detail analyses using CIRT-

AE data to establish LDM toxicities as well as studies investigating the role of genetic 

polymorphisms and methotrexate polyglutamate levels in LDM toxicity.

STUDY DESIGN

Identification and Classification of Adverse Events

Subjects in CIRT undergo laboratory monitoring according to the American College of 

Rheumatology guidelines, including monitoring of the complete blood count, liver function 

tests, and serum creatinine every four weeks until a stable dosage is achieved, and then every 

eight weeks thereafter3. At the time of each laboratory test and follow-up, subjects complete 

a symptom checklist including dyspnea, cough, fever, nausea, abdominal pain, mouth pain, 

and hair loss. If no potential symptoms are reported and all laboratory results are within 

normal range, subjects continue study drug at doses guided by an automated titration 

algorithm developed by the CIRT investigators. The titration algorithm adjusts the dose of 

study drug based on pre-specified laboratory and clinical conditions (Figure 1)9. Subjects 

and sites do not have access to results of safety laboratory tests. To ensure consistent dose 

titration across all study sites and maintain blinding, subjects assigned to placebo also 

undergo temporary stops or dose reductions even with normal safety laboratory values and 

no clinical signs or symptoms of toxicity (i.e., “sham” dose changes). AEs are further 

categorized as serious adverse events (SAEs), defined as: death (also a primary endpoint in 
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CIRT), all emergency department visits/inpatient admissions, life-threatening, resulting in 

disability/permanent injury, and those deemed serious by the site principal investigator.

In addition to interim analyses of rates of the primary composite outcome, safety in CIRT is 

overseen by a fully independent Data and Safety Monitoring Board (DSMB). The DSMB 

has pre-specified interim analyses to evaluate early efficacy and futility9. To assist in the safe 

use of LDM, a team of rheumatologists at Brigham and Women’s Hospital in Boston, MA 

(currently JAS, MB, SYR, and DHS) who commonly prescribe LDM for use in systemic 

rheumatic diseases serve as CIRT medical monitors. Medical monitors in CIRT have access 

to individual participant laboratory results, clinical symptoms, and study drug dosage. If 

symptoms are reported and/or safety laboratory values are out of range on multiple 

occasions or critical values are reached, a medical monitor is alerted for manual review. 

Medical monitors review all SAEs and contact the site and data coordinating center to obtain 

further clinical information and communicate decisions about the use of study drug. For 

example, medical monitors recommend temporary stop of study drug for active infections, 

while on antibiotics, during hospitalizations, and during times of clinical instability. For 

some AEs, medical monitors recommend permanent stop of study drug. Examples of 

scenarios warranting permanent stop of study drug include new diagnosis of malignancy 

(except for resected non-melanoma skin cancers and other cancers considered cured after 

discussion with treating providers), cirrhosis, and systemic rheumatic disease or other 

inflammatory disorder where LDM may be clinically indicated. Medical monitors offer 

advice on the management of alopecia, nausea, or mucositis, all of which may necessitate 

higher doses of folic acid or dose reduction of study drug.

The process for identifying, adjudicating, and classifying AEs in CIRT-AE beyond 

mechanisms in place for CIRT is shown in Figure 2. Data on AEs are collected at every 

study visit in CIRT. All AEs are reported from sites to the data coordinating center and 

medical monitors. Sites collect all relevant medical records for AEs and submit them to site 

liaisons for further use in CIRT-AE or for use by the medical monitors in decisions about 

study drug.

Sites provide medical records for all SAEs in CIRT, but CIRT-AE identifies other potentially 

important AEs that are not captured through the SAE mechanism. All subjects in CIRT are 

prompted to report potential adverse events including infections and antibiotic use. Site 

coordinators enter text describing the clinical status of subjects that may include AEs such 

as non-hospitalized infections (e.g., cellulitis or urinary tract, sinus, or upper respiratory tract 

infections treated in the outpatient setting), rash, stomatitis, gastrointestinal symptoms 

(including nausea, vomiting, or diarrhea), bleeding events, cancer, hepatic, alopecia, 

hematologic abnormalities, renal impairment, and neuromuscular symptoms. CIRT-AE staff 

regularly perform searches for terms relevant to these symptoms and screen each positive 

search for whether medical records should be pursued. For some AEs that are entirely 

subjective (e.g., nausea and alopecia), further records are not pursued and the description in 

the text is sufficient to classify these AEs. In addition, subjects on prolonged temporary 

study drug discontinuation are routinely queried to screen for the potential contribution of 

AEs. Even after permanent study drug discontinuation or primary endpoint occurrence, 

CIRT follows all participants for possible AEs until the conclusion of the trial. Once all 
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relevant medical records have been collected, CIRT-AE staff systematically document events 

and prepare medical records for expert adjudication to further document and classify AEs.

Adjudication and Classification of Adverse Events in CIRT-AE

Medical records for AEs are adjudicated using standardized forms for hepatic, 

gastrointestinal, respiratory, hematologic, infectious, mucocutaneous, oncologic, renal, 

neurologic, and musculoskeletal events (included as Supplemental Material). Adjudication 

meetings include the principal investigator of CIRT-AE (DHS) and a subspecialty clinical 

expert except for mucocutaneous, neurologic, musculoskeletal, non-hepatic gastrointestinal, 

and renal AEs which are adjudicated and classified solely by DHS. In general, after 

reviewing all available medical records, AEs are classified by likelihood (i.e. possible, 

probable, or definite) as well as by severity (i.e. mild, moderate, or severe). More records are 

sought if the AE is not classifiable with the available records. Safety monitoring laboratory 

studies and study visit notes including medical monitor, site, and site liaison interactions are 

available for review to supplement records that were obtained from sites. Laboratory 

abnormalities that did not prompt further clinical work-up are not further adjudicated. When 

applicable, validated criteria are used to classify events54–57. In addition, details such as 

hospitalization, antimicrobial use, pertinent laboratory value results, pathologic diagnoses, 

imaging abnormalities, microbiologic results, symptoms, and dates of onset/diagnosis are 

systematically determined during this process. Some AEs may be categorized into multiple 

categories. For example, pneumonia is categorized in both pulmonary and infection 

categories to investigate the possible association of LDM assignment with each of these 

outcomes. For analyses investigating overall event rates, an AE such as this will only be 

counted once. Adjudicators are blinded to treatment assignment for post-randomization 

events.

PLANNED ANALYSES

Table 3 lists the planned analyses based on CIRT-AE. Broadly, CIRT-AE will pursue five 

general areas for investigation.

1. Causal role of LDM for specific toxicities

Since subjects in CIRT do not have diseases where LDM is currently indicated, 

characteristics of underlying systemic rheumatic disease are eliminated as confounders. 

CIRT-AE will determine the toxicities of LDM based on the imbalances in rates across the 

LDM and placebo arms as identified in CIRT. Unlike observational studies, CIRT-AE can 

rely on a direct placebo comparison within a double-blinded trial to make valid inferences 

about the causal effect of LDM on many clinically relevant AE outcomes. The excess in 

rates of AE outcomes for the LDM compared to the background placebo rate of AEs can 

therefore be directly attributed to LDM as toxicity.

For these analyses, allocation to LDM or placebo (reference) will be the primary 

comparison. The outcomes will include categories of AEs (any AE, severe AE, organ system 

events, and subgroups with sufficient number of outcomes, Table 3). Planned analyses 

include the effect of LDM on hepatic, gastrointestinal, respiratory, hematologic, infectious, 
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mucocutaneous, oncologic, renal, neurologic, and musculoskeletal outcomes as well as 

composite measures of severe AE or any AE. The parent CIRT study is designed to 

investigate cardiovascular outcomes, incident diabetes, and death9. Given the large sample 

size of CIRT-AE, we will be able to determine the effect of LDM on uncommon AEs. We 

will describe the incidence rates and relative risk of LDM toxicity compared to toxicity 

occurring in the placebo arm. The run-in period and the post-randomization LDM arm will 

also be compared to test for differences in AE rates during initiation compared to 

maintenance of LDM as well as to assess the differences in event rates between those who 

were randomized and those who were not. Person-time will begin accruing at the date of 

randomization, and subjects will be censored at end of follow-up. Cumulative incidence and 

Kaplan-Meier curves with 95% confidence intervals will be compared using log-rank tests. 

Cox proportional hazards models will be used for time to first event analyses. Poisson 

models will be used for repeated event analyses.

2. Risk factors for AEs

Participants in CIRT will have detailed measurements at baseline and follow-up of many 

important covariates. These include sociodemographic factors, comorbidities, body mass 

index, lifestyle factors such as alcohol consumption and smoking, concurrent medications, 

and organ dysfunction (Table 2). Since excess weight may be an important factor for LDM 

toxicity (particularly hepatitis), we will investigate the effect of baseline body mass index 

categories for risk of AEs, investigate effect modification of body mass index for LDM 

toxicity, and perform subset analyses among those who are overweight or obese. Patients 

that reported alcohol abuse in the prior 3 years or were unwilling to limit alcohol 

consumption to <4 drinks per week were not eligible for CIRT. At the randomization visit, 

subjects were asked the frequency of alcoholic drinks they typically consumed (never or <1/

month, 1–3 times/month, 1/week, 2–3 times/week, >3 times/week). Therefore, we will be 

able to categorize subjects as non-drinkers, light drinkers, and moderate drinkers at baseline 

for analyses to adjust for potential confounding or to study effect modification by alcohol. 

As detailed below, genetic factors and MTXglu levels will also be measured. Therefore, 

CIRT-AE will investigate whether these factors are associated with AEs. These analyses will 

be stratified by study drug assignment, LDM or placebo. If factors are also associated with 

AEs among those who received placebo as well as with LDM, then interaction terms will be 

considered. Multivariable regression models will be built to adjust for important 

confounders. In sensitivity analyses, we will also include the run-in period in which subjects 

received open-label LDM to study the association of risk factors for AEs with LDM 

exposure prior to randomization.

3. Methotrexate polyglutamate levels and AEs in LDM-treated subjects

Methotrexate enters cells through the reduced folate carrier and is activated to form 

methotrexate polyglutamate (MTXglu) by folylpolyglutamate synthase, an enzyme essential 

for folate homeostasis in the cytosol and mitochondria. The addition of glutamic acid 

residues enhances the intracellular retention of methotrexate and promotes the sustained 

inhibition of amino-imidazole carboxamide ribonucleotide transformylase and thymidylate 

synthase. Inhibition of these enzymes is important in de novo purine and pyrimidine 

Sparks et al. Page 7

Semin Arthritis Rheum. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



biosynthesis, which results in a release of adenosine and the immunosuppressive effect of 

methotrexate.

MTXglu levels have not been strongly linked with toxicity in prior studies58,59. However, 

studies typically had <150 patients, so different toxicities were combined into a single 

composite outcome of toxicity. Some specific toxicities may be strongly related to MTXglu 

levels (i.e., hematologic and mucocutaneous) while others may be idiosyncratic or unrelated 

to drug levels. Therefore, combining heterogeneous toxicities into a single outcome may 

have reduced the potential for finding a true association. We will measure MTXglu levels on 

all subjects taking LDM eight months after randomization so that MTXglu levels stabilize at 

the expected maximum dosage60. Evaluation of MTXglu levels will also provide an objective 

method to assess overall adherence, aiding in interpretation of these studies. In CIRT-AE, 

MTXglu levels will be measured using the published liquid chromatography-electrospray 

ionization-tandem mass spectrometry-based assay to separately quantify MTXglu levels in 

red blood cells using stable-isotope-labeled internal standards61.

Since MTXglu levels may mediate toxicity, we will perform analyses investigating whether 

exposure categories are associated with MTXglu levels and whether MTXglu levels are 

associated with the outcome. In addition, we will perform a genome-wide association study 

(GWAS) to investigate whether genetic factors are associated with toxicity outcomes; a 

network analysis to evaluate potential biologic pathways involved in LDM analyses; and 

candidate gene analyses for prior genes associated with LDM toxicity in prior studies.

4. Genetic predictors of AEs

Prior pharmacogenomic studies have evaluated whether genetic factors are associated with 

both LDM efficacy and toxicity. Most of these studies have focused on candidate genes 

relevant to cellular pathways in LDM, such as folate, methionine, and adenosine metabolism 

as well as methotrexate polyglutamation62. In particular, single nucleotide polymorphisms 

(SNP) in the MTHFR (rs1801131 and rs1801133), SLC19A1 (RFC-1) (rs1051266), and 

ATIC (rs2372536) genes have been associated with LDM toxicity in prior studies62. The 

MTHFR 677C>T SNP results in a labile form of the MTHFR enzyme with decreased 

enzyme activity and a resultant elevation in plasma homocysteine levels63. Other candidate 

genes have plausible biologic mechanisms to be implicated in LDM toxicity.

However, an alternative, non-biased approach such as GWAS has the potential to find 

unanticipated genetics associations for LDM-dependent AEs. For example, SNPs in the 

major histocompatability complex often contribute to immune-mediated toxicity to 

medications64. In addition, measuring genome-wide information will allow for network 

analysis approaches. This might provide more biologic and clinical relevance than candidate 

gene studies since toxicity is likely to be a complex process involving many genetic factors 

beyond those in known candidate genes. Since CIRT-AE will likely have many AEs as 

outcomes, we will be able to investigate genetic associations with particular homogeneous 

sub-classifications, which may provide for improved power to detect a genetic basis for AEs.

To perform GWAS, we will genotype subjects who provide consent for genetic analysis and 

DNA samples (>6000 randomized samples anticipated) using the Illumina MEGA chip. This 
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platform evaluates ~1.7 million multiethnic genome-wide markers capturing medically 

relevant variation including about ~21,000 pharmacogenomic variants reported in the 

literature that alter absorption, distribution, metabolism, and excretion ~25,000 variants 

across the entire Major Histocompatability Complex region, and is enriched for rare variants 

in genes with phenotype/disease associations and variants in coding regions including 

~50,000 exome/loss of function variants curated from the Exome Aggregation Database. We 

will impute HLA alleles with our highly accurate and widely used SNP2HLA algorithm65. 

To ensure high quality genotypes, 5% of the genotyped samples will be reference DNAs 

with known genotypes randomly interspersed with study samples. We will exclude all SNPs 

with low call rates or those that are outside of Hardy-Weinberg equilibrium, or excessively 

rare. We will manually examine intensity scatter-pots for all SNP variants that emerge out of 

statistical analysis.

Genetic markers will be assessed using logistic regression and standard additive genetic 

models in PLINK66. Departures from the additive model will be assessed using the 

dominance deviation. For loci with multiple associated SNPs, we will use stepwise model 

selection to identify the primary SNPs. In addition, we will control for potential population 

stratification using the EIGENSTRAT method to derive ten principal components of race/

ethnicity among the GWAS study participants67. We expect that these principal components 

will define clusters of individuals corresponding to self-reported European, African, and 

Asian ancestry. We will then apply EIGENSTRAT within each subpopulation to derive 

eigenvectors that will be included in the regression models for SNP association testing to 

adjust for any residual population substructure.

Power for genetic associations was estimated assuming a standard additive relationship 

between genome-wide SNP allele and the odds ratio (OR) of AEs for 1) gene*drug (i.e., 

LDM vs. placebo interaction) and 2) gene effect among those allocated to receive LDM. We 

assumed an AE frequency of 20% in the placebo arm and 26% in the LDM arm. In the 

gene*drug analysis, we have 80% power to detect an OR of 1.9 for minor allele frequency 

(MAF) of 25%; we can detect an OR of 3.85 for MAF of 5%. In the analysis restricted to 

those allocated to receive LDM, we have 80% power to detect an OR of 1.5 for MAF of 

25%, and we can detect an OR of 2.1 for MAF of 5%.

We further performed estimates assuming significance thresholds among those targeted 

towards the HLA region (often implicated in immune-mediated AEs with relatively large 

effect sizes)64. The MEGA genotyping platform maps 13,468 SNPs to the HLA region. In 

the gene*drug targeted to HLA analysis, we have 80% power to detect an OR of 1.7 for 

MAF of 25%; we can detect an OR of 3.05 for MAF of 5%. In the analysis further restricted 

to those allocated to receive LDM, we have 80% power to detect an OR of 1.4 for MAF of 

25%, and we can detect an OR of 1.9 for MAF of 5%.

Since detecting an association between a SNP and clinical outcome often requires a 

relatively large effect size, we will further evaluate for more modest associations between 

SNPs and an intermediate biomarker for toxicity, MTXglu. Since we will measure both 

genetics and MTXglu on subjects randomized to LDM, we are able to evaluate genetic 

associations for MTXglu levels. After initial genome-wide approaches, we will further 

Sparks et al. Page 9

Semin Arthritis Rheum. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



restrict analyses to candidate genes with biologic plausibility on MTXglu to enhance the 

ability to detect a genetic association with this intermediate phenotype for toxicity.

5. Risk prediction rules for LDM toxicity

We will develop risk prediction rules for LDM toxicity incorporating significant findings 

from the above analyses, potentially including both clinical and genetic predictors. We will 

develop two different prediction rules. The first will use easily obtained demographic and 

clinical variables such as age, sex, race, comorbidities, medications, tobacco use, and body 

mass index. The second will use the MTXglu and genetic measures collected by CIRT-AE to 

maximize the predictive ability. Two-thirds of CIRT-AE will serve as the development group 

and one-third will serve as the validation group. We will perform multivariable regression to 

obtain effect size estimates to use in a weighted points system. We will validate cut-points to 

find absolute risk categories of low, medium, and high risk of any serious toxicity as well as 

for other clinically important definitions of LDM toxicity. We will perform exposure-

treatment analyses to evaluate heterogeneity of treatment effect. The goodness-of-fit of the 

models will be tested using Nagelkerke R-squared and areas under the receiver operating 

characteristic curves. Re-classification in models will be tested using the Integrated 

Discrimination Improvement and continuous Net Reclassification Improvement68,69.

LIMITATIONS

Since patients with known systemic rheumatic diseases are excluded from CIRT, CIRT-AE 

may not directly apply to the rheumatic disease population. However, our study design using 

a randomized controlled trial will be able to establish the causal role of LDM in toxicities. 

Further, potential confounding effects from rheumatic disease states on AEs will not be 

present. Additionally, since those using other anti-inflammatory drugs are excluded in CIRT, 

CIRT-AE will not be able to assess for an interaction between LDM and other 

immunosuppressant medications, which are often used concomitantly in clinical practice for 

patients with systemic rheumatic diseases. We acknowledge that we are unable to investigate 

interactions between LDM and rheumatic disease-specific characteristics for risk of toxicity 

in CIRT-AE. For example, patients with interstitial lung disease at baseline are not eligible 

for CIRT, so we would be unable to investigate whether patients with rheumatoid arthritis 

and interstitial lung disease have a different LDM toxicity profile than patients with only 

rheumatoid arthritis. If LDM treatment becomes utilized as a secondary prevention therapy 

among patients with cardiovascular disease, metabolic syndrome or diabetes, it is critical to 

understand the true risk of toxicity from LDM among this population.

All subjects in CIRT receive study drug orally with a fixed protocol for folic acid 

supplementation and rate of study drug dose escalation, so these potential factors for LDM 

toxicity will not be able to be addressed in CIRT-AE. Subjects in CIRT are randomized to 

receive LDM or placebo at a dose of 15 mg/week. If this dose is tolerated for 4 months, the 

dose of study drug is then increased to 20 mg/week. Patients with rheumatic diseases may 

titrate to higher doses of LDM (but typically not more than 25 mg/week) over a shorter 

duration of time. However, doses of LDM of 15–20 mg/week are commonly used for 

patients in rheumatic diseases so our results are likely to be relevant. While LDM efficacy is 
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shown to be dose-dependent in systemic rheumatic diseases, a switch to parenteral route 

may increase efficacy and have improved gastrointestinal tolerance but may also affect risk 

for toxicity70,71; however, this route of administration is not utilized in CIRT and thus will 

not be studied. Since all subjects receive folic acid supplementation, our study is not 

designed to evaluate the risk of non-use of folic acid or alternate folic acid or leucovorin 

supplementation strategies. All randomized subjects will have already tolerated LDM during 

the open-label run-in phase of CIRT. Therefore, results may not be generalizable to patients 

just prescribed LDM who may not tolerate the drug due to side effects such as fatigue and 

nausea. However, data on AEs occurring in these pre-randomized subjects are collected for 

potential analyses. Finally, the sample size and length of follow-up in CIRT were determined 

through power calculations for the primary composite outcome of cardiovascular events. 

Therefore, CIRT-AE, as a secondary study, may be underpowered in analyses for rare AE 

outcomes. However, many AE outcomes will occur frequently so we will have adequate 

power for the analyses we have detailed.

CONCLUSION

CIRT-AE will comprehensively investigate a wide variety of potential LDM toxicities using 

a large, placebo-controlled, double-blinded, randomized clinical trial with lengthy follow-up. 

AEs will be systematically identified, adjudicated, and classified to allow for studies 

investigating LDM toxicity. The very large sample size will allow us to develop and validate 

a LDM toxicity risk prediction rule for use in clinical practice. In addition, CIRT-AE will 

investigate the effects of genetic factors and MTXglu levels to further understand the 

mechanisms of LDM toxicities. Thus, CIRT-AE will advance the widely accepted goal of 

precision medicine in the use of LDM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Overview of the titration algorithm, used to provide study drug dosing recommendations for 

subjects enrolled in the Cardiovascular Inflammation Reduction Trial (CIRT)53.
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Figure 2. 
Identification, adjudication, and classification of adverse events in CIRT-AE. AE, adverse 

event; ED, emergency department; URTI, upper respiratory tract infection.
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Table 1

Overview of common low dose methotrexate toxicities, their features, prevalence, and risk factors in prior 

literature.

Toxicity Feature Prevalence Selected risk factors References

Hepatic Above 1x ULN
Above 2x ULN
Persistent elevations

20–49%
1–17%
0.1%

Alcohol consumption, lack of folate supplementation, obesity, 
older age, history of liver disorder, diabetes and/or metabolic 
syndrome

13,22,23

Pulmonary Interstitial pneumonitis 0.43–4.5% Older age, diabetes, prior pleuropulmonary disease, 
hypoalbuminemia

13,27–34

Hematologic Cytopenia 5.2% Low RBC folate, elevated mean corpuscular volume due to folate 
depletion, impaired renal function, hypoalbuminemia, infection

13,42,72,73

Infection Pneumonia
Any severe infection

2%
3%

Older age, diabetes, advanced age, corticosteroids 36,38,74

Mucocutaneous Stomatitis
Nausea
Rash

2–14%
5–31%
8.9%

Higher doses of methotrexate 47,48,75

Most of these studies were conducted before routine folic acid supplementation was standard of care.

ULN, upper limit of normal; RA, rheumatoid arthritis; RBC, red blood cell.
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Table 2

Covariates assessed in CIRT at baseline and/or during follow-up period.

Category Covariates

Sociodemographic • Age

• Sex

• Body mass index

• Race/Ethnicity

• Geography

• Occupational history

Clinical • Prior history of cardiovascular disease:

– Myocardial infarction, cerebrovascular accident, percutaneous coronary intervention, 
coronary artery bypass graft, other arterial vascularization, deep vein thrombosis, pulmonary 
embolism, atrial fibrillation, heart failure, hypertension, peripheral arterial disease, carotid 
disease, aortic stenosis, aortic or mitral valve procedure, mitral regurgitation

• Co-morbid illness/Medical History

– Hypertension, metabolic syndrome, diabetes mellitus (types 1 and 2), peripheral neuropathy, 
sleep apnea, asthma, hematologic disease (anemia, thrombocytopenia, neutropenia), non-
alcoholic steatohepatitis, history of treated malignancy >5 years ago, macular degeneration, 
dialysis or offered kidney transplant, laser treatment or vitrectomy for diabetic eye disease, 
gestational diabetes

• Medications

• Physical exam: Heart rate, Blood pressure, Ankle-Brachial Index, recent Ejection Fraction

• Symptoms (nausea, vomiting, diarrhea, mouth pains/sores, cough, shortness of breath, fever)

• Smoking:

– >100 cigarettes in lifetime

– Age started smoking regularly

– Years of smoking

– Current smoking status

– Cigarettes/day

– Pack-years

• Physical activity

• Average alcohol consumption (number of drinks)

• Caffeinated beverage consumption

• Family history of myocardial infarction, cerebrovascular accident, diabetes mellitus

Laboratory and 
Imaging Studies

• Hepatitis B and C

• Safety panel: ALT, AST, Cr, Albumin, CBC, glucose

• Lipids and hsCRP (fasting)

• HbA1c

• Urine testing

• Chest x-ray (past 12 months)

• Echocardiogram (past 3 years)

• EKG

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBC, complete blood count, Cr, creatinine; EKG, 
electrocardiogram; HbA1c, hemoglobin A1c; hsCRP, high sensitivity C-reactive protein.
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Table 3

Analyses planned in CIRT-AE.

Incidence rates and relative risk (LDM vs. placebo) of AEs to establish LDM toxicity

Exposures Outcomes Statistical analyses

Study drug assignment:
Low dose methotrexate (LDM)
Placebo (reference group)

Any AE
Severe AE
Hepatic
Infectious
Pulmonary
Hematologic
Mucocutaneous
Cancer
Hemorrhagic
Neurologic
Musculoskeletal
Renal
Gastrointestinal
Other systems and subgroups of 
categories pending sufficient 
numbers of outcomes

-Cumulative incidence rates with 95% confidence 
intervals
-Kaplan-Meier curves with log-rank tests
-Cox proportional hazards model for first event analyses 
(reference: placebo)
-Poisson models for number of event analyses 
(reference: placebo)

Risk factors for AEs

Exposures Outcomes Statistical analyses

Sociodemographics
Comorbidities
Cigarette smoking
Alcohol intake
Body mass index
Hyperlipidemia
Concurrent medications
Baseline hepatic, renal, or pulmonary disease
Genetics

MTXglu level*

Others pending sufficient numbers of 
outcomes in relevant exposure categories

Any AE
Severe AE
Hepatic
Infectious
Pulmonary
Hematologic
Mucocutaneous
Cancer
Hemorrhagic
Neurologic
Musculoskeletal
Renal
Gastrointestinal

MTXglu level*

Other systems and subgroups of 
categories pending sufficient 
numbers of outcomes

-Descriptive baseline analyses comparing those with 
toxicity to those without
-Cox regression models for first event analyses
-Poisson models for number of event analyses
-Genome-wide association study controlling for 
population stratification by principal components
-Investigation of candidate genes associated with LDM 
toxicity in prior studies
-LDM-placebo interaction analyses if association found 
among both LDM and placebo arms
-Mediation analyses for risk factors associated with 
both MTXglu levels and toxicity outcomes

Risk prediction rules for AEs

Development and validation Outcomes Statistical analyses

-Development group: two-third of LDM arm
-Validation group: one-third of LDM arm
-Predictors associated with AEs will be 
considered

Any AE
Severe AE
Hepatic
Infectious
Pulmonary
Hematologic
Mucocutaneous
Cancer
Hemorrhagic
Neurologic
Musculoskeletal
Renal
Gastrointestinal
Other systems and subgroups of 
categories pending sufficient 
numbers of outcomes

-Exposure-treatment interactions to evaluate 
heterogeneity of treatment effect
-Goodness-of-fit of models: Nagelkerke R2 and areas 
under the receiver operating characteristic curves 
(AUCs)
-Re-classification in models: Integrated Discrimination 
Improvement and continuous Net Reclassification 
Improvement
-Assignment of points for risk factors based on effect 
sizes in multivariable analyses; validating cutpoints for 
absolute risk categories of low/moderate/high risk of 
LDM toxicity

*
MTXglu levels are measured among those who were taking LDM at the month 8 visit.

AE, adverse event; AUC, areas under the receiver operating characteristic curve; LDM, low dose methotrexate; MTXglu, methotrexate 

polyglutamate.
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