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Abstract 

 

Pediatric rheumatology is a small but rapidly evolving specialty within the field of 

immunology that has been revolutionized by development of a new class of drugs called 

biologics. Treatment with these specialized agents results in clinical remission for 60-

70% of juvenile idiopathic arthritis patients. The aim of this investigation is to determine 

if patient characteristics prior to an anti-TNF biologic’s initiation or data from the first 

three months of response can serve as predictors of the medication’s efficacy. This is a 

retrospective case-control study conducted on a local population of polyarticular JIA 

patients treated at Boston Children’s Hospital Rheumatology Program. I reviewed the 

records of 150 pediatric patients, each being treated with an anti-TNF agent as their first 

line biologic. Fifty patients discontinued treatment within their first year of prescription 

while the remaining 100 served as controls. As a secondary analysis, patients were 

stratified as either responders or nonresponders based on their documented reasons for 

switching off their first line anti-TNF, regardless of case/control status. Younger age at 

anti-TNF initiation, reduction in neutrophil count and reduction in JADAS10 score at 3 

months showed significant predictive power in determining if a patient is likely to switch 

off their first line anti-TNF within the first year of treatment. Rheumatoid factor 

positivity and 3 month reduction in WBC showed significant predictive power in 

determining if an anti-TNF biologic was discontinued due to clinical ineffectiveness. This 



 

  

study demonstrates the value of mining existing patient medical records to guide future 

research and contribute to more personalized, effective treatment selection.   
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Chapter I 

Introduction 

 

The Research Problem 

 

There have been significant advancements in the treatment of rheumatoid arthritis 

in the last two decades. The development of biologic response modifiers, known as 

biologics, has revolutionized the fields of immunology and rheumatology, providing 

clinicians powerful means to treat diseases by targeting specific parts of the immune 

system. With the use of these medications, the goal of clinical remission can be realized 

with greater frequency than ever before; however not all patients respond as favorably as 

others. 

While these medications have dramatic advantages over non-biologic, disease 

modifying anti-rheumatic drugs (DMARDS), their efficacy is limited by the specificity of 

their action. Biologic therapy following or given in conjunction with treatment with 

DMARDS resulted in clinical improvement in an estimated 60-70% of patients who 

failed a course of nonbiologic DMARD monotherapy such as methotrexate, sulfasalazine, 

or leflunomide alone. Conversely, up to 40% of patients do not respond completely to 

biologic treatment, and no factors have been identified to reliably predict response 

(Wijbrandts, 2017). Uncertainty as to which patients would respond to which medication 

may result in the switching of biologics until one is found which controls the disease to 
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the satisfaction of the clinician. There is an unmet need to develop cost effective, widely 

available tools which can serve as a means to personalize treatment for individual 

patients in order to consistently achieve clinical remission and prevent long term 

disability in young patients with rheumatic disease 

Pediatric rheumatology is a small but growing field in which many of the 

inflammatory diseases that are managed are not well understood. This field provides an 

excellent opportunity for research as the causes and best treatments for many of these 

diseases are still being defined.  Developing uniformity across pediatric practices is an 

area of increased focus, with the ultimate goal of identifying optimal treatment plans. 

Historically, treatment of patients with similar presentations and diagnoses has been 

subject to center and clinician preference. A variety of studies are underway aimed at the 

development of consensus treatment plans for a variety of pediatric rheumatic diseases. 

These prospective, semi-pragmatic projects allow physicians to continue treating patients 

as they normally would, and track the patient’s disease progression should they fall into 

one of the predetermined treatment plans indicated by a group of specialists (Li, 2012; 

Dewitt, 2012) 

Ongoing research into the genetics of these diseases may one day uncover 

biomarkers or the basis for a definitive laboratory test on which to base a diagnosis. It is 

also possible that these investigations will yield results which may redefine 

categorization of juvenile arthritis by uncovering similarities or differences between 

currently defined subtypes. As our understanding of the genomics of diseases increase, so 

too will our ability to risk stratify patients more accurately. Utilization of molecular or 
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genetic data will ultimately lead to more effective use of current medications, as well as 

the development of patient specific treatments. Until these results are realized, the 

decades of information which are currently available can be mined for means to improve 

the current effectiveness of biologic medications and guide the development of future 

studies.  

The objective of this investigation is not to determine why certain medications are 

ineffective, but rather to explore the existence of any variables that correlate to a patient’s 

response to treatment. A more personalized approach to medicine would achieve more 

consistent remission in a greater number of patients. In previous studies of the adult 

rheumatoid arthritis population, no single clinical factor has determined biologic 

treatment response; therefore, a multifactor approach is the next logical step (Hyrich, 

2006; Tak, 2012). The development of a treatment algorithm derived from measures 

already collected as part of clinical care would be a low cost yet immediately available 

tool for clinicians.  

 

Definition of Terms 

“Anti-nuclear Antibody (ANA)”: autoantibodies which bind to the contents of a cell 
nucleus. In patients with autoimmune diseases, ANA blood tests are used as a means to 
detect the presence of antibodies to human, rather than foreign, antigens. 
 
“Anti-TNF inhibitors”: a class of biologics which target a naturally occurring 
proinflammatory cytokine, tumor necrosis factor (TNF). In patients with rheumatoid 
arthritis, excess TNF contributes to abnormal inflammatory response, resulting in joint 
swelling and pain. 
 
“CCP antibody (anti-CCP)”: autoantibodies which are directed against peptides and 
proteins which are citrullinated (those that have been enzymatically been converted from 
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arginine to citrulline). These proteins may act as antigens, and are present in 
inflammatory diseases, making it a valuable biomarker in the diagnosis of rheumatoid 
arthritis.   
 
“Childhood Health Assessment Questionnaire (CHAQ)”: a 30 question survey which 
encompasses eight domains of physical functioning, including activities of daily living 
which are considered to reliably indicate disease severity in JIA.  
 
“C-Reactive Protein (CRP)”: a protein found in blood plasma whose levels increase in 
response to inflammation. Part of the complement system, CRP induces the phagocytosis 
of bacteria. In rheumatology, its presence is used as a marker of disease activity with 
decreased levels consistent with treatment effectiveness. 
 
“Cytokine”: a class of immunoregulatory, small proteins secreted by cells which in turn 
regulate the behavior of neighboring cells 
“Disease Modifying Anti-Rheumatic Drug (DMARD)”: a group of unrelated drugs used 
in the treatment of the rheumatic disease  
 
“Erythrocyte Sedimentation Rate (ESR)”: a common hematology test used as a non-
specific measure of inflammation. It is often used in rheumatology as a means to measure 
response to treatment. 
 
“Informatics for Integrating Biology and the Bedside (i2b2)”: an NIH-funded National 
Center for Biomedical Computing (NCBC) based at Partners HealthCare System in 
Boston, MA. This software allows researchers to prospectively determine if there exists a 
large enough population in which to develop a study. i2b2 queries both billing and non-
narrative EMR entries. 
 
“Juvenile Arthritis Disease Activity Score (JADAS)”: a composite tool for scoring JIA 
disease activity based on physician global assessment, patient global assessment, joint 
count and erythrocyte sedimentation rate.  
 
“Juvenile Idiopathic Arthritis (JIA)”: the most common form of non-infectious arthritis in 
children. It is an autoimmune, non-infective inflammatory joint disease persisting for 
more than 6 weeks in children less than 16 years of age. It is distinct from adult 
rheumatoid arthritis, affecting 1 of every thousand children.  
 
“Monocytes”: a type of leukocyte, or white blood cell. A routine hematology test 
determines what percentage of white blood cells in a given sample are monocytes. 
Monocytosis is a state of excess monocytes which occurs during chronic inflammation 
and may be indicative of immune-mediated disease.  
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“Neutrophils”: the most numerous type of white blood cell found in peripheral blood and 
essential to the functioning of the innate immune system. Neutrophils play a critical role 
in the release of pro-inflammatory cytokines which perpetuate aberrant immune 
responses in patients with autoimmune disease.   
 
“Physician Global Assessment (PGA)”: a clinician’s overall impression of disease 
activity. As there exists no single reliable variable which determines disease activity, this 
score is used to guide treatment decisions and overall disease progression.   
 
“Rheumatoid Factor (RF)”: autoantibodies produced by the immune system which can 
damage healthy tissue, so named for its discovery in rheumatoid arthritis. Positive results 
can result from other diseases, and negative results do not necessarily rule out disease.   
 
“Research Electronic Data Capture (REDCap)”: a metadata driven, electronic data 
capture software program developed by Vanderbilt University to provide a cost-effective 
means of developing an academic research database 
 
 

Background of the Problem 

Juvenile idiopathic arthritis (JIA) is a chronic autoimmune disorder which 

primarily involves inflammation of the joints with onset prior to age 16. Estimates of the 

prevalence of pediatric arthritis vary, due to the evolving nomenclature surrounding these 

diagnoses. Current estimates indicate the disease affects between 8 and 150 of every 

100,000 children, with the Arthritis Foundation listing the number at 300,000 cases in the 

US. (Arthritis Foundation Website). 

 Juvenile arthritis was first described by Sir George Frederic Still in 1896 and 

later subdivided by Dr. Barbara Mary Ansell based on variations in presentation, course 

and outcome. JIA is therefore considered not one disease but several, and these do not all 

share common characteristics. Currently, there are a variety of subtypes of JIA defined 

primarily by clinical presentation. Of affected individuals, 50% are categorized as 
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oligoarticular JIA, in which four or fewer joints are affected in the first six months of 

symptom onset. The second most common form is polyarticular JIA, which affects 5 or 

more joints in this period and represents 20-40% of JIA cases. Both of these are further 

subdivided by the presence of accompanying clinical features and include psoriatic, 

extended oligoarthritis, and enthesitis related arthritis. Systemic JIA comprises the 

remainder of the population defined as juvenile arthritis, and is likely a distinct entity 

pathophysiologically, presenting with extra articular symptoms including organ 

inflammation, fever and rash (Grom, 2017; Weiss, 2017). 

Patients with polyarticular arthritis may have an acute onset of symptoms or an 

accrual of joint involvement before a diagnosis is made. Active arthritis has several 

cardinal signs including morning stiffness and swollen joints caused by synovial 

hypertrophy or intraarticular fluid accumulation which results in decreased mobility. In 

polyarticular disease, the most commonly affected joints include the knees, ankles and 

wrists as well as the small joints of the hands and feet. As a result of active disease, 

patients present with fatigue, decreases in daily function or growth disturbances; the latter 

two correlate with disease severity. Extraarticular manifestations are infrequent in the 

polyarticular subtype but may include uveitis. (Rosenberg, 2016). 

As its name would suggest, the exact etiology of an idiopathic disease is 

unknown. What is clear is that the degenerative process of osteoarthritis or injury caused 

by mechanical action differs from rheumatoid arthritis, which is caused by an immune 

response aberrantly directed against an individual’s own tissue. Inflammation may be 

caused by the abnormal proliferation of various immune cells, including T-cells, B-cells, 
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macrophages or synovial fibroblasts, which in turn mediate the release of cytokines that 

perpetuate an immune response. If left unchecked, these processes can lead to the 

degradation of cartilage and abnormal bone growth.    

Factors that contribute to disease onset may include a genetic predisposition or 

undetermined exogenous factors. There is currently no single known gene which 

determines if JIA will manifest, but instead various combinations of variants in genes 

associated with immunity can result in active disease. Exogenous triggers may contribute 

to disease onset in individuals who are genetically predisposed, and may include stressful 

events, infections or puberty. Such factors may result in initial modification of self-

proteins through processes such as citrullination leading to a breakdown of self-tolerance 

and generation of autoantibodies, autoreactive B cells and autoreactive T cells. (Gattorno, 

2016) 

JIA remains largely a diagnosis of exclusion as there are no definitive tests for 

any disease subtype. A diagnosis is only made after observing clinical features, 

laboratory values and potentially ruling out other diseases with similar presentation. If the 

chronic inflammation is not adequately controlled, the resulting complications can lead to 

long-term disability, especially in the developing child. This damage can accumulate and 

lead to deformities which can permanently limit the function of the affected joints. In 

fact, JIA is primary cause of acquired disability in children (Wallace, 2012). 
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Access to Care and Treatment of JIA 

Regardless of recent advancements in diagnosis and available treatments, an 

estimated 75% of JIA patients do not have access to specialty care. According to the 

Arthritis Foundation, there are fewer than 350 board certified, practicing pediatric 

rheumatologists, and “[…] 8 states do not have a single board certified and practicing 

pediatric rheumatologist and 5 states only have one” (Arthritis Foundation Website). 

Those patients whose geographic locale prohibits their access to specialists are treated 

instead by their primary care physicians or adult rheumatologists. These clinicians may 

not have adequate training to care for the unique complications associated with JIA, 

primarily effects on growth and development, and therefore a critical need exists to 

develop and provide adequate tools for these clinicians to use.  

 

Biologic Response Modifiers 

            Biologic medications are a class of genetically engineered proteins that may be 

administered as monotherapy or in conjunction with available DMARDs such as 

methotrexate for the management of inflammatory disease. The first biologic received 

FDA approval in 1998, with nine others approved since. There are currently six classes of 

biologic medications, each targeting a specific part of the immune system. These targets 

include individual cytokines such as interleukins, or surface receptors on B and T cells. 

This specificity of action allows most to be well tolerated and leave other immune 

response pathways intact as compared to traditional systemic anti-inflammatory agents 

such as steroids.  
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The oldest and largest class, tumor necrosis factor (TNF) inhibitors, is the most 

widely used due to clinician familiarity and breadth of available data. Tumor necrosis 

factor alpha is a pro-inflammatory cytokine produced mainly by macrophages. Its 

primary function is to regulate immune responses by inducing fever, apoptosis and 

attracting white blood cells to areas of inflammation in order to inhibit tumorigenesis and 

viral replication in the event of infection or illness. Abnormal production or dysregulation 

of TNF is implicated in multiple autoimmune diseases, as well as Alzheimer's disease 

and cancer.   

Four anti-TNF biologics are approved for use in pediatric arthritis, each with a 

slightly different mechanism of action. Etanercept (Enbrel™, Amgen) is a fusion protein 

which mimics the effect of soluble TNF receptors that naturally mitigate an immune 

response. It has a longer half-life than naturally occurring soluble TNF receptors and can 

have a greater effect over a longer period of time. Infliximab (Remicade™, 

Centocor/Janssen Biotech), adalimumab (Humira™, AbbVie), and golimumab 

(Simponi™, Janssen Biotech) are monoclonal antibodies directed against TNF. By 

binding to circulating TNF molecules, these mediators prevent them from interacting 

with receptors on other cells and prevent downstream inflammatory responses (Hamilton, 

2015).     

These medications may be started or stopped for any number of reasons, not all of 

them medical. Guidelines exist for clinicians to follow, most based on clinical 

presentation, as to which medications are available to them (Sepriano, 2017). Additional 

hurdles in the pediatric population include the approval from insurance companies and 
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administration issues such as discomfort or fear of needles, as nearly all TNF inhibitors 

are injectable medications. The complexity of the research and development of biologic 

medications translates to an increased cost to patients and society. Non-biologic 

medications such as methotrexate cost between twenty-five and fifty dollars per month, 

whereas etanercept (Enbrel™) for example, costs an average of two thousand dollars per 

month.  

            Patients who are trialed on a biologic may experience delays based on these 

factors, an issue which may be compounded if they need to switch to a different 

medication that is also not readily approved by insurance. It is generally accepted that the 

sooner medical intervention is provided in JIA, the better the patient’s outcome (Harrold, 

2017). Any delay in providing a maximally effective treatment could be detrimental to a 

patient’s long-term prognosis. In the case of JIA, this issue is especially pertinent as 

damage to joints can impede normal growth and development.       

 

Validated Measures of Disease Severity 

Rheumatologists use a composite disease activity score to determine the severity 

of illness at a discrete timepoints and use this metric to track the disease activity over 

time.  While the Disease Activity Score (DAS) tool for adult care is a complex algorithm, 

the modified Juvenile Arthritis Disease Activity Score (JADAS) for juvenile arthritis is a 

simplified cumulative score based on four domains: a normalized erythrocyte 

sedimentation rate, active joint count, physician’s global assessment and patient’s global 

assessment. Three validated versions of this tool exist, however the most commonly used 
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is the JADAS10, where the “10” indicates the maximum number of joints counted in the 

analysis. Previous iterations used 71 and 27 joint counts respectively, but each was found 

to be a sufficient surrogate for its predecessors (Consolaro, 2009; Consolaro, 2014).  For 

ease in clinical care and to increase reporting this score in patient notes, the cJADAS10 is 

more commonly used, which includes the above-mentioned assessment less the 

laboratory testing to give a clinician an immediately available score during the clinic 

visit.  The cJADAS10 is also the standard score preferred by the ongoing registry studies 

in JIA.  Due to the retrospective nature of this project, the ESR was reliably available and 

therefore the JADAS10 score was utilized in this analysis. Based on the JADAS10 

results, a patient can be placed into one of 4 distinct categories of disease severity: 

inactive <1, low 1.1-3.8, moderate 3.9-10.5, or high >10.5 (Consolaro, 2016)   

 

Hypothesis 

The primary aim of this investigation is to test the hypothesis that clinically 

collected patient data can be used to predict biologic medication efficacy in the 

polyarticular juvenile arthritis population. In addition to baseline measures previously 

studied in adult rheumatoid arthritis patients, this study will include assessments of 

clinically collected variables at multiple timepoints to determine if a patient's initial 

response to an anti-TNF biologic is indicative of long-term disease control. This 

approach allows for over twice as many data points while still providing evidence of 

medication efficacy in a timely manner.   
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If significant correlations are found, these could serve as the basis to generate a 

treatment algorithm or be used as evidence to amend current standards of care regarding 

first line biologics. Further, these observations may be used to determine when a 

medication switch would be optimally effective, in turn leading to more efficient use of 

medications while decreasing the amount of time an individual is on an ineffective 

treatment.    
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Chapter II 

Materials and Methods 

 

 This is a retrospective case-control study of the effectiveness of anti-TNF therapy 

in polyarticular juvenile arthritis patients at Boston Children’s Hospital (BCH). BCH has 

been ranked as the best pediatric hospital by U.S. News & World Report for the past five 

years, and its Division of Immunology houses one of the nation’s largest Rheumatology 

Programs. The clinic is supported by 10 pediatric rheumatologists and sees over 5,000 

JIA patients annually. These clinician scientists are all actively involved in a variety of 

research areas and the Program is collectively conducting over 40 individual research 

projects. An additional benefit of conducting this project at a single local site was the 

availability of clinicians who were able to clarify their own assessments where the 

written record was unclear.  

A retrospective design offered the greatest amount of detail regarding these rare 

patients and was selected to overcome the inherent time limitations of a prospective 

study. As such, this method of review significantly reduced the time needed to follow 

individual patients over many years, and all relevant data already existed as part of the 

clinical record.  Data stored within a patient’s medical record comprise the foundation of 
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various ongoing registry projects and the available information provides the clearest 

picture of a patient’s treatment history and response over time.  

 

Study Population 

 A population of 150 polyarticular JIA patients was selected as they present with 

clear disease manifestations and represent a reasonably large potential sample size. A 

retrospective chart review encompassed 10 years (2008-2018) of clinical data and 

identified patients diagnosed at or prior to age 16, presenting with five or greater active 

joints and treated with an anti-TNF as their first biologic. This review stratified patients 

based on their having switched or remained on this initial biologic and their response to 

therapy. Patients who switched to a different medication at or prior to 12 months past 

initial prescription were considered cases, and compared to those control patients who did 

not have a recorded medication switch in that time. Patients were also selected based on 

year of diagnosis to avoid confounding due to changes in practice guidelines. When the 

final population was identified, additional adjustments were employed based on age and 

gender for the purpose of statistical analysis.   

 

Timepoint Justification 

Routine care for patients with polyarticular JIA includes follow-up at three to four 

month intervals, and therefore records of these clinical encounters were available for 

longitudinal collection at these timepoints.  Proposed variables were collected at three 

main timepoints which included the initiation of biologic therapy (baseline), 3 month and 
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12 month visits (±1 month as available). Demographic information was collected at the 

time of diagnosis on a separate form and an additional follow-up form was added for 

patients who remained on the first line biologic to capture a switch occurring after the 12 

month visit.  At each of the five time points, the disease activity was calculated using the 

recorded joint count, laboratory values and the narrative report of the pediatric 

rheumatologist.  

 

Variable List and Rationale 

The variables selected for inclusion in the data abstraction consisted of clinical 

findings which have each shown limited efficacy in predicting medication response in 

adult RA patients. (Wijbrandts, 2017; Hambardzumyan, 2017). Certain factors, including 

BMI and smoking status -both negatively associated with treatment response – were 

omitted in favor of more relevant variables for a pediatric population.  

Demographic information was collected to better define the population and 

included a patient’s ethnicity, age at disease onset, age at anti-TNF initiation and 

preliminary global assessments. Laboratory values were also collected to assess 

rheumatoid factor, anti-cyclic citrullinated peptide (CCP) and anti-nuclear antibody 

(ANA) positivity.   

At all follow-up timepoints, clinical assessments were collected, including the 

global assessments, joint count, medication changes (including dosage changes) and 

standard lab values of CRP, ESR, WBC, neutrophils and monocytes. High and low lab 

values were determined by the clinical parameters used by BCH. Lab values were 
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obtained from the notes at the time of the visit.  However, in some cases these laboratory 

studies were collected at an outside facility and these values were utilized with ranges per 

the outside facility. In these cases where labs were not ordered at a given visit, these 

outside labs were used, provided they were associated with the visit recorded, as noted in 

the patient chart. A complete list of variables, as well as a summary of statistical analyses 

conducted, is presented in Table 9 of the Appendix.   

 

IRB Approval 

 This project relied on review of patient’s protected health information and 

therefore required the approval of two relevant Institutional Review Boards (IRBs). The 

proposal was submitted to BCH's Committee on Clinical Investigation using the 

Children's Hospital e-Research Portal (CHeRP) where analysts determined it met the 

qualifications for an expedited review due to the minimal risk posed to patients. The 

study was approved and granted a HIPAA waiver based on the anonymous and 

retrospective nature of the data collection plan (Figure 5). This approval 

was subsequently used to apply for Harvard's Committee on the Use of Human Subjects 

review using the Electronic Submission Tracking and Reporting (ESTR) where their IRB 

analysts determined the protocol to be Exempt in their approval letter (Figure 6). 

Following BCH IRB review, the resulting approval letters were submitted to various 

BCH informatics teams as required documentation for the release of medical records and 

registration of a new REDCap database. 
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i2b2 

  Informatics for Integrating Biology and the Bedside, (i2b2), software was utilized 

to generate an initial report of patients known to meet inclusion criteria within the 

specified timeframe of 10 years. These lists are deidentifed, and show only the number of 

patients available. Several searches were run to ensure the resulting counts were accurate 

although preliminary searches indicated over 500 patients met the diagnostic criteria for 

review. In order to obtain the medical record numbers for these patients, the query was 

reviewed by the Clinical Research Informatics Team (CRIT) at BCH who then released 

this information to me in a secure manner. The final fully refined search yielded 240 

patients.  

 

Hound Dog 

To overcome the limitations of the i2b2 search algorithms, secondary and tertiary 

chart searches were conducted utilizing a recently developed tool named Hound Dog. 

Where i2b2 searches discrete fields such as those included in billing forms or order 

sheets, HoundDog was developed to search for terms or phrases contained within the 

dictated notes of a patient’s visit using natural language processing algorithms. This is an 

immensely powerful tool, as search results include entire chart notes containing patient 

protected health information (PHI) that is otherwise omitted from i2b2 searches. As such, 

new tool is strictly monitored and researchers must apply for access and report any 

project for which they intend to use this service. I obtained appropriate permission from 

the CRIT development team to use this tool and subsequently ran searches for patients 
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whose notes would contain key phrases to indicate they met inclusion criteria, ex: 

(“Polyarticular” AND “switched” AND (“Humira” OR “Enbrel” OR “Simponi” OR 

“Remicade)). Both trade and generic names were used to account for variation in the 

dictated patient notes. The resulting searches yielded 111 unique medical records.  

 

Refining Both Resulting Patient Lists 

As anticipated, conducting multiple searches using varied phrasing and code 

systems returned patient lists which contained duplicate information. In order to 

minimize missing qualified patients, these searches were intentionally broad and once 

compiled, initially totaled 400 patients. This list was then imported into Microsoft Excel 

where duplicates were removed, resulting in a reduction to 351 unique patients. A manual 

chart review was conducted to eliminate false positives and further reduced the list of 

qualified patients, from which the final patients were confirmed to have polyarticular 

disease and had been treated with at least one anti-TNF biologic. With this list in hand, 

50 case patients were identified first, based on their having switched biologics at least 

once by 12 months, and the remainder of the list was used to draw 100 controls with no 

recorded switches at 12 months. A coded enrollment log was kept in order to identify 

subjects such that charts could be revisited in the event more information is needed as the 

project evolved. 
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Powerchart Electronic Medical Record 

Powerchart is the network secured electronic medical record system used by BCH 

since 2008 and is the main repository of patient documentation resulting from clinical 

visits.  

Powerchart was used to manually review the visits of patients identified from the i2b2 

and Hound Dog searches, and presented detailed insights into a patient’s presentation, 

disease severity, as well as all follow-up data pertinent to their disease progression.  Data 

abstraction and entry into REDCap averaged 20 minutes for each of the 150 patients.   

 

REDCap 

 REDCap is a highly customizable database building tool developed by Vanderbilt 

University and available to academic institutions such as Harvard and BCH. There are 

currently no setup costs as has been the case with similar tools such as InForm, and are 

more easily modified once deployed. Because this software receives regular updates 

(current version 8.6.5 2018) and is both 21 CFR Part 11 and HIPAA-compliant, it is one 

of the most secure electronic data capture (EDC) programs available (Harris, 2009). Data 

can then be exported in a variety of formats to various statistical software packages for 

the appropriate analysis.  

Upon receiving IRB approval, a REDCap database was generated to house the 

data collected from the review of the EMR and maintained throughout the study. A single 

page form was generated for each of the five specified timepoints and contained 120 

individual fields for each of the 150 patients. The forms employed branching logic such 
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that certain answers would trigger the expansion of the form to ensure relevant data was 

captured as it pertained to that specific patient scenario. Both the cJADAS10 and 

JADAS10 were determined from available data by an automatic calculation I built into 

the REDCap database which required normalizing the raw ESR value and completing 

previously entered clinical values. A complete copy of the REDCap database can be 

reviewed in Figure 7 of the Appendix    

 

Statistical Analysis, Rationale and Programs 

Statistical analysis was performed using STATA MP version 15.1.626, 

downloaded from https://downloads.fas.harvard.edu/. A complete dataset was exported 

from REDCap as a .csv file and imported into the STATA MP program. All data cleaning 

and manipulation was conducted within this program such that a verifiable command trail 

could be created via a “Do file” and reviewed as needed, a feature not available within 

programs such as Excel. Simple formulas were used to generate delta values of interest 

not captured within REDCap due to limitations when calculating fields involving data 

collected across multiple forms. These new data, representing the change in continuous 

variables between baseline and 3 month visits were appropriately labeled and added as 

new columns at the end of the dataset worksheet.  

Descriptive statistics were used to define the population, followed by a series of 

bivariate analysis to determine statistically significant differences between various 

defined groups. In addition to performing analysis on the population divided by 

case/control status, identical analysis was repeated using a documented 
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responder/nonresponder status based on reported reason for first line anti-TNF switch. In 

total, 35 nonresponders were identified, creating an approximate 1:3 

nonresponder/responder ratio, consistent with previously reported percentages of 

effectiveness expected in a random JIA sampling (Rosenberg, 2016).   

A 2-sample Student t-test was performed on continuous variables of interest such 

as global assessments and lab results. Chi squared testing was employed on categorical 

data such as rheumatoid factor testing, which result in a positive/negative result. A 

Pearson t-test was conducted using these same variables to determine correlation with the 

JADAS10 score at the 12 month visit as a defined endpoint to narrow the list of potential 

variables to be included in the final regression analysis.  Although the JADAS10 score is 

a continuous variable, it can also indicate inactive disease below a defined numerical 

threshold (less than or equal to 1). Because this can then also be viewed as a binary result 

(active vs. inactive disease) both iterations of this variable were included in the logistic 

regression. A final list of 10 variables was included in the regression based on their 

clinical relevance and significance determined by the preceding bivariate analysis.  
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Chapter III   

Results   

 

 

Analysis was performed on a cohort of 150 patients with polyarticular JIA. 

Interim analysis of data quality was performed to ensure that missing data did not skew 

results, and the dataset was checked for completeness once it had been imported into 

STATA.  

Preliminary analysis derived from REDCap’s self-generating metrics indicated a 

representative sample of the polyarticular JIA population. Gender distribution, 

responder/non-responder distribution and frequency of medication switches were similar 

to what has been previously reported in the literature (Rosenberg, 2016). Therefore, it 

could reasonably be assumed that the random sample tested is representative of the larger 

population of interest, and analysis of this group would be generalizable to a larger 

polyarticular JIA population.  

The population was analyzed as a whole as well was by case/control status for 

descriptive statistics (Table 1).  For the remainder of the analysis, patients were 

subdivided into case versus control as well as responder/nonresponder status, where a 

non-responder was defined as a patient who had ‘inadequate response’ indicated as the 

reason for switching their first line biologic. 
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Table 1. Demographic features and disease characteristics of patients at disease onset 
 
 N (%) or Mean (SD)  

p-value All 
(N=150) 

Case 
(N=50) 

Control 
(N=100) 

Age at onset 8.9 (4.83) 11.01(4.72) 7.85 (4.55) 0.0001 
Age at Biologic Start 10.82 

(4.52) 
12.36 (4.79) 10.5 (4.19) 0.003 

Years Between Onset and 
Baseline/Biologic Start 

2.82 
(3.38) 

2.4 (3.13 3.04 3.49) 0.276 

Gender    0.999 
     Female 111(74%) 37(74%) 74(74%)  
     Male 39 (26%) 13(26%) 26(26%)  
Race/Ethnicity     0.905 
     Caucasian 125(83%) 42(84%) 83(83%)  
     Black/African     
     American/Caribbean 

1(1%) 0(0%) 1(1%)  

     Asian      1(1%) 0(0%) 1(1%)  
     Hispanic/Latino 20(13%) 7(14%) 13(13%)  
     Middle Eastern 3(2%) 1(2%) 2(2%)  
Physician Global 
Assessment 

3.66 
(2.24) 

3.72 (2.11) 3.64 (2.32 0.838 

Patient Global Assessment 4.34 
(2.35) 

4.52 (2.38) 4.25 (2.35) 0.510 

Joint Count 8.23 
(7.91) 

9.1 (7.84) 7.8 (7.95) 0.344 

JADAS10 15.47 
(8.37) 

15.60 (7.50) 15.40 (8.81) 0.894 

cJADAS10 13.29 
(5.99) 

13.82 (5.88) 13.03 (6.05) 0.436 

CRP (mg/dL) 2.44 
(8.67) 

3.77 (14.22) 1.77 (3.40) 0.184 

ESR  mm/hour 31.78 
(41.06) 

25.74 
(24.66) 

34.80 (46.99) 0.204 

Rheumatoid Factor Positive  27 14(28%) 13(13%) 0.081 
Anti-CCP Positive  23 12(24%) 11(11%) 0.049 
ANA Positive  54 17(34%) 37(37%) 0.930 
First Line Nonresponder  35(23%) 11(22%) 24(24%) 0.785 
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Notable descriptive features of cases included slightly higher joint count, higher 

CRP, lower ESR and less frequency of positive ANA tests, although these were not 

statistically significant. There was a significant difference between the means of age at 

onset and age at biologic start for cases and controls, with control patients having a 

younger mean age for both.  

 

Concomitant Medication Summary 

 Nearly all patients (n=142, 94%) were taking DMARD therapy prior to their anti-

TNF start. Tables 2-5 detail use of steroid and DMARD therapies, as well as changes 

seen in prescriptions during the study period.  

Table 2. Summary of steroid use in case/control patients at baseline and 3 months 
 
 Baseline 3 Month Follow-up 
Medication  All 

N=150 
Case 
N=50 

Control 
N=100 

All 
N=150 

Case 
N=50 

Control 
N=100 

Steroid 42 (28%) 14 (28%) 28 (28%) 28 (19%) 11 (22%) 17(17%) 
 

Table 3. Concomitant medications use in case/controls at baseline and 3 months 
 
 Baseline 3 Month Follow-up 
Medication  All 

N=150 
Case 
N=50 

Control 
N=100 

All 
N=150 

Case 
N=50 

Control 
N=100 

Methotrexate 126 
(84%) 

44 (88%) 82 (82%) 116 
(77%) 

38 (76%) 78 (78%) 

Leflunomide 21 (14%) 4 (8%) 17 (17%) 19 (13%) 4 (8%) 15(15%) 
Sulfasalazine 3 (2%) 0 (0%) 3 (3%) 2 (1%) 0 (0%) 2 (2%) 
 

Fourteen cases were on both steroids and at least 1 DMARD at baseline visit 

while ten patients were taking both at the 3 month visit. Six cases stopped DMARDS 3 
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months after TNF inhibitor initiation, with no new patients starting DMARDS at 3 

months. Six cases stopped taking steroids by 3 months, with three new patients being 

prescribed steroids at the 3 month visit.  

Twenty-six control patients were taking both a DMARD and steroid at baseline, 

whereas this number decreased to 17 at the 3 month timepoint. Ten controls stopped 

DMARDS by 3 months, with three starting by that timepoint. Fourteen controls had 

stopped steroids with three previously naïve patients taking steroids at 3 months (Tables 

2 and 3).  

 

Table 4. Summary of steroid use in case/control patients at baseline and 3 months 
 
 Baseline 3 Month Follow-up 
Medication  All N=150 Nonresponder 

N=35 
Responder 
N= 115 

All N=150 Nonresponder 
N=35 

Responder 
N= 115 

Steroid 42 (28%) 15 (43%) 27 (23%) 28 (19%) 10 (29%) 18 (16%) 
 
 
Table 5. Concomitant medications for nonresponders/responders at baseline and 3 
months 
 
 Baseline 3 Month Follow-up 
Medication  All 

N=150 
Nonresponder 
N=35 

Responder 
N= 115 

All N=150 Nonresponder 
N=35 

Responder 
N= 115 

Methotrexate 126 
(84%) 

30 (86%) 96 (83%) 116 (77%) 29 (83%) 87 (76%) 

Leflunomide 21 (14%) 2 (6%) 19 (17%) 19 (13%) 2 (6%) 17 (15%) 
Sulfasalazine 3 (2%) 3 (9%) 0 (0%) 2 (1%) 2 (6%) 0 (0%) 
 

Two nonresponder stopped DMARD therapy at 3 months with none starting at 

that time. Seven patients were tapered off steroids with two new starts of prednisone by 3 
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months. Thirteen nonresponders were on at least one DMARD and steroid at baseline 

with this number reduced to ten at 3 months. Fourteen responders stopped DMARDS at 3 

months, adding three new starts, with fourteen stopped steroids and five new starts. 

Twenty seven Responders were on both a DMARD and steroid at baseline, reduced to 16 

at 3 months (Tables 4 and 5).    

 

Starting Medications and Recorded Switches 

Of the four possible anti-TNF medications, etanercept was the most frequently 

prescribed (n=80), followed by infliximab (n=37) then adalimumab (n=33). Golimumab 

was not the first line biologic in any of the 150 patients. Chi-squared tests for both 

concomitant medication use and type of starting anti-TNF biologic revealed no 

significant difference between cases and controls (p= 0.793, 0.393 respectively).  

At three months, 21 (14.9%) had switched from their first line anti-TNF, eight for 

inadequate response (non-responders). Of those who switched, 18 were transitioned to 

another anti-TNF, three to another biologic category.  Only 5% of the 129 who remained 

on their first biologic had their dose adjusted at 3 months. At 12 months, 100 patients 

remained on their first line anti-TNF and were labeled controls for the purpose of this 

study, whereas 29 more patients had switched (20 switched due to inadequate response) 

and were labeled cases. Within the group who had a medication switch at 3 months, the 

majority (n=20, 95%) were still taking their second line medication at 12 months. At the 

12 month mark, 40 patients within the case group recorded one switch, nine patients had 

two switches in biologics, and one patient was switched three times (Table 6).  
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Additional follow-up of the 100 control patients through their most recent clinic 

visits revealed that an additional 54 had discontinued their first line anti-TNF at some 

point after 12 months. Follow-up visits ranged from 1 month to 11 years post 12 month 

visit and were captured on a distinct follow-up form in REDCap and presented a separate 

timepoint in Figures 1 and 2. In sum, only 46 of the 150 patients included in this study 

remained on their first line anti-TNF biologic throughout their entire recorded BCH 

medical history (Figure 1). 

 
 

 
 
Figure 1. First switch/second line biologic switches for all patients 
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Table 6. Summary of biologic medication switches based on first line anti-TNF in cases 
 
First Line anti-

TNF 
Second Line 
Biologic 

Switch at 3 
Month 

Switch at 12 
Month 

Total 

 
Adalimumab 

Etanercept 3 2 5 
Infliximab 1 5 6 
Golimumab 0 1 1 
Other Biologic 3 0 3 

 
Etanercept 

Adalimumab 5 10 15 
Infliximab 4 6 10 
Golimumab 1 1 2 
Other Biologic 0 0 0 

 
Infliximab 

Adalimumab 2 2 4 
Etanercept 2 1 3 
Golimumab 0 0 0 
Other Biologic 0 1 1 

Total Switches  21 29 50 
 
 

 
 
Figure 2. Reasons for medication switches at each timepoint for all patients  
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this study discontinued their first line anti-TNF due to inadequate response. 42 patients 

discontinued due to an adverse event, and 29 ended treatment due to a variety of non-

adherence issues, both logistic and personal  (Figure 2).  

 
Bivariate Analysis 

 
 A series of 2-tailed t-tests comparing the means between case and control groups 

as well as the responder nonresponder groups revealed that the groups were similar 

(Table 7). There was a significant difference between cases and controls for physician’s 

global assessment and JADAS10 delta scores. In both the physician’s global assessment 

and the JADAS10, control patients had greater reduction in these scores between baseline 

and 3 month timepoints.  

 
Table 7. Case/control comparison of mean values at Baseline and 3 Months  
 
 Baseline Delta (Baseline to 3 months) 

Case 
Mean 
(SD) 

Control 
Mean (SD) 

p-value Case 
Mean 
(SD) 

Control 
Mean 
(SD) 

p-
value 

Physician Global  3.9 (1.74) 3.61 (4.67) 0.326 -1.54 
(1.79) 

-2.08 
(1.53) 

0.054 

Patient Global 3.8 (2.28) 3.82 (2.04) 0.957 -1.74 
(2.41) 

-2.48 
(2.24) 

0.065 

Joint Count 8.54 (7.75) 7.33 (6.43) 0.313 -3.58 
(6.32) 

-4.76 
(5.59) 

0.246 

WBC 8.39 (3.21) 7.75 (2.22) 0.158 -0.13 
(3.95) 

-0.50 
(2.31) 

0.480 

ESR 20.26 
(21.640 

20.28 
(21.47) 

0.996 -6.20 
(19.90) 

-10.09 
(21.15) 

0.281 

CRP 1.64 (3.42) 4.41 
(37.16) 

0.601 -1.14 
(3.16) 

-4.27 
(37.14) 

0.554 

Monocyte 5.40 (1.64) 6.07 (6.17) 0.452 .434 
(1.72) 

.244 
(6.91) 

0.849 
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Table 7. (continued) 

Neutrophil 59.85 
(14.71) 

56.96 
(12.93) 

0.220 -2.30 
(15.77) 

-6.33 
(14.33) 

0.119 

JADAS10 14.60 
(6.34) 

13.83 
(6.85) 

0.509 -5.85 
(6.04) 

-8.58 
(6.48) 

0.014 

 
 Similar t-testing did not reveal significant differences between the means of any 

variables when stratified by responder/nonresponder status (Table 8).  

 

Table 8. Non-responder vs. responder comparison of mean values at Baseline and 3 
Months 

 Baseline Delta (Baseline to 3 months) 
Non-
responder 
Mean 
(SD) 

Responders 
Mean (SD) 

p-
value 

Non-
responder 
Mean 
(SD) 

Responders 
Mean (SD) 

p-
value 

Physician Global 3.54 
(1.73) 

3.75 (1.68) 0.516 -1.6 
(1.83) 

-1.99 
(1.57) 

0.217 

Patient Global  3.4 (2.28) 3.94 (2.05) 0.188 -1.94 
(2.45) 

-2.32 
(2.28) 

0.399 

Joint Count 5.97 
(5.44) 

8.26 (7.21) 0.084 -2.94 
(4.26) 

-4.8 (6.21) 0.100 

WBC 7.68 
(2.70) 

8.05 (2.57) 0.461 .174 
(3.31) 

-.547 
(2.82) 

0.207 

ESR 23.94 
(23.44) 

19.16 
(20.80) 

0.249 -8.06 
(20.63) 

-9.02 
(20.88) 

0.812 

CRP 1.95 
(3.83) 

3.95 
(34.65) 

0.734 -1.45 
(3.43) 

-3.77 
(34.64) 

0.693 

Monocyte 5.4 (1.60) 5.98 (5.79) 0.559 1.15 
(3.56) 

0.05 (6.22) 0.322 

Neutrophil 59.83 
(14.32) 

57.35 
(13.34) 

0.345 -6.72 
(17.88) 

-4.46 
(13.91) 

0.433 

JADAS10 12.97 
(7.09) 

14.42 
(6.53) 

0.261 -6.45 
(7.25) 

-8.04 
(6.17) 

0.204 
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Variables Correlated with the JADAS10 at 12 Months 

Individual variables of interest were also tested for association with the JADAS10 

continuous score at 12 months, to determine if any were strongly correlated. Variables 

found to be significantly associated with the JADAS10 score at 12 months were then 

included in the final regression analyses. Of the 23 variables of interest tested, using 

Pearson tests for continuous variables and t-tests for discrete variables, only the 

physician’s global assessment (r = 0.22, p=.006) and JADAS10 (r = 0.21, p=0.011) 

baseline values resulted in significant, positive correlation, followed by CRP(r= 0.15, p= 

0.08), patient global assessment (r= 0.14, p=0.08) and joint count (r-0.14, p=0.08) values. 

No other variables were significantly associated with the JADAS10 score at the 12 month 

visit. With the exception of baseline CRP and JADAS10 scores, all correlated variables 

are contributing factors of the JADAS10 metric, and therefore provided little additional 

guidance regarding which variables to include in later analysis.  

The categorical classification of the JADAS10 score was used to determine if a 

patient’s disease was considered inactive, low, moderate or high. However, the raw score 

(a continuous value) was used to determine the delta values used in subsequent testing. 

This distinction makes it possible to use the change in actual JADAS10 scores between 

baseline and 3 month visits to predict a patient’s eventual disease activity at 12 months.     
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Preliminary Logistic Regressions 

 Logistic regressions were favored over conditional regressions to accommodate 

the testing of unmatched populations. Individual regressions were conducted for each 

group at disease onset, baseline and 3 month visits prior to generating a final combined 

list of significant predictor variables to include in a final adjusted model. The following 

yielded significant results when tested against other variables collected at the same 

timepoint and served as a guide in building the final regressions. For models predicting 

case/control status, the age of onset predicted a 13% increased odds of being a case 

patient (95% CI:1.02-1.27; p=0.04) and every increase in the change in Neutrophil count 

indicated a 3% increased odds of being a case patient (95% CI:0.99-1.07; p=0.07). For 

responder/nonresponder regressions, positive rheumatoid factor suggests a 3% increase in 

odds of being a non-responder (95% CI: 0.007-.833; p=0.04), and every 1ml increase in 

WBC delta suggests an increase of 22% odds of being a non-responder (95% CI:1.01-

1.50; p=0.04). Baseline values were not significant predictors of either case-status or non-

responder. 

 

Remission at 12 Months 

At the 12 month timepoint, 65 patients had achieved clinical remission, as defined 

by a JADAS10 score of <1 whereas 85 still had active disease manifestations. Among 

those in remission, only 12 were case patients, and 6 were nonresponders.   

Predictors of achieving remission at 12 Months were determined by logistic 

regression, where individual tests were run for all variables. None of the clinical onset 
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details or demographic factors yielded a significant result, nor did any values collected at 

baseline. The physician global assessment at baseline approached significance with an 

odds ratio of 1.52 (95% CI 0.98-2.34; p=0.06). Of the delta values, only the change in the 

JADAS10 between baseline and 3 month visits was a significant predictor of a patient 

achieving remission at 12 months, with an odds ratio of 1.33 (95% CI:1.07-1.64; 

p=0.009). 

 

Final Logistic Regressions 

A variable list was compiled from those factors which showed value in the prior 

tests and was used in the final regressions of each group. In the final analysis, the 

JADAS10 composite score was favored over its individual components (physician and 

patient global assessments, joint count and ESR). Because each of these components was 

highly correlated with the JADAS10 score, the predictive effect of each was muted by 

interference. For both regressions represented in Figure 3 and Figure 4, all variables are 

based on continuous scores with the exception of rheumatoid factor which is was 

recorded as a binary positive/negative variable. The following forest plots were generated 

using data derived from these regressions and display the odds ratio for being a case as 

compared to being a control (black box) and confidence interval (whiskers).  
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Figure 3. Forest plot of final case/control logistic regression  

Based on regression of case/control patients, 3 variables emerged as significant 

predictors of case versus control status (Figure 3). For a one year increase in age at anti-

TNF start, the odds of being a case increased by 17% (95% CI: 1.06, 1.29; p=0.002). For 

every unit increase in the neutrophil count delta value (difference between 3 month value 

and baseline value), the odds of being a case decreased by 4% (95% CI:1.00,1.08; 

p=0.033). For a one point increase in JADAS10 delta score, the odds of being a case 

decreased by 7% (95% CI: 1.01,1.15; p=0.019).  
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Figure 4. Forest plot of final nonresponder/responder logistic regression 

Based on the logistic regression of nonresponder/responder patients, 2 variables 

emerged as significant predictors of nonresponder/responder status. For every unit 

increase of WBC delta value, the odds of being a nonresponder decreased by 22% (95% 

CI:1.01,1.47; p=0.036). Patients who were rheumatoid factor positive had 4.17 times the 

odds of being a non-responder compared to rheumatoid factor negative patients 

(OR=4.17; 95% CI: 1.39, 12.5; p=0.011). 

Because delta values were used, careful interpretation of results is required. 

Higher valued results returned from the logistic regression do not indicate higher values 

or scores, but rather a greater difference between the absolute values at the two time 

points. 
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Chapter IV 

Discussion  

 

 

Significance of Results 

 This study has identified five statistically significant predictive factors that 

determine when patients with polyarticular JIA may switch off their first line biologic 

and for what reason. Age at diagnosis, reduction of neutrophil count and JADAS10 score 

between baseline and 3 months are significant predictors of whether or not a patient will 

stop a first line medication by 12 months. Perhaps more importantly, two factors, a 

smaller change in WBC count between baseline and 3 months and rheumatoid factor 

positivity, indicate a patient is at greater odds for switching off a first line anti-TNF due 

to inadequate response.  

In this cohort, I found a younger, rheumatoid factor negative patient, who displays 

reduction in neutrophils, WBC and JADAS10 score within the first 3 months of biologic 

initiation stands a better chance of remaining on that medication throughout the first year 

of treatment and is the most likely candidate to continue to respond to that medication. 

This supports the results reported in previous comparative effectiveness studies, 

indicating the timely initiation of aggressive therapy may be more beneficial (Wallace, 

2013; Baris, 2018).  
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A greater reduction in neutrophils, WBCs and JADAS10 between baseline and 3 

months all suggest the given therapy was working to control inflammation and joint 

symptoms. Being diagnosed at an earlier age and starting a biologic at an earlier age were 

positive predictors of first line biologic efficacy and these patients were less likely to 

switch their medication at the 12 month mark. Conversely, those patients with a positive 

rheumatoid factor are over four times more likely to fail their first line anti-TNF and 

require several medication switches to control what is often defined as more severe 

disease. As there was no significant difference in response based on which anti-TNF was 

used as the first line biologic, these results indicate that clinicians should carefully 

consider the benefits of using any anti-TNF to treat a rheumatoid factor positive 

polyarticular patient. Additionally, the degree of the reduction of disease activity 

indicators by the 3 month timepoint is an important factor for a rheumatologist to 

consider. Patients whose WBC has not sufficiently normalized are at greater odds of 

discontinuing their medication due to inadequate response. This information should 

factor into a clinician’s decision to potentially switch biologics sooner in order to more 

rapidly find optimal treatment for their patient.   

This study further supports the analysis of treat-to-target studies indicating 

strategy is more important than the agent(s) selected for treatment (Pincus, 2013). 

Concomitant DMARD therapy is often preferred to biologic monotherapy, and as 

evidenced by this study population, common practice. Due primarily to the fact that so 

many patients were on concomitant therapy, there appeared to be no statistical difference 

in efficacy based on the DMARD(s) used or if they were used in conjunction with 
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steroids. Dosing information was not collected and therefore effectiveness based on dose 

cannot be assessed.  

A great deal of clinical judgment goes into the treatment of a pediatric patient, 

and many factors contribute to a clinician’s initial recommendations and subsequent 

modification of treatment course. Current recommendations clearly state all guidelines 

are not meant to be applied to all patients and therefore any proposed treatment algorithm 

may not be applicable for all patients (Singh-Grewal, 2015). Nevertheless, more 

population and disease-specific data can help in the evolution of such recommendations.  

Several studies have concluded that JIA patients can be subdivided based on the 

timing of their non-response (Tak, 2012). A patient who is deemed a primary 

nonresponder has disease that is not well controlled by their first line treatment and may 

require a switch to another biologic type as the disease may be less TNF dependent. 

(Wijbrandts, 2017). Conversely, and as demonstrated by the nonresponder controls in this 

study, patients may initially respond to their medication – potentially for many years, 

only to develop a resistance over time. It is possible for a patient to develop antidrug 

antibodies which may cause a medication to lose efficacy throughout prolonged 

treatment. Clearly determining what leads to this secondary nonresponse would be of 

great benefit when selecting optimal alternatives.  

In this study, 28 of 50 (56%) of case patients could be considered primary 

nonresponders. However only 4 cases switched to another biologic category by 12 

months. Specifically, patients whose first line therapy was discontinued before 12 months 

were overwhelmingly more likely to be placed on an anti-TNF as a second line therapy. 
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This may be due to logistic administration issues or physician or family preference. 

Additionally, at least the 25 control patients, (25%) could be considered secondary non 

responders as their first line anti-TNF was deemed ineffective only after a full year of 

treatment.   

 

 

Potential Confounders 

There exist two main confounding factors for any observational study in pediatric 

rheumatology. The first is the ongoing evolution of juvenile arthritis sub-categorization 

and second is that real world treatment of JIA is bound by what resources are available to 

the physician based on a patient’s insurance coverage 

 

Difficulties of JIA Classification 

Although inclusion criterion was specifically defined, sample selection bias is a 

possibility. Only patients with a confirmed diagnosis and complete medical record were 

admitted to the study. Patients who were only seen once and for whom an outcome was 

not sufficiently documented were not included.  Every effort was made to manually 

screen patients for polyarticular arthritis prior to data entry; however semantic variations 

may have allowed patients into the study who do not adhere to the definition of 

polyarthritis. For instance, patients with mention of spondyloarthropathy were omitted, 

however a patient presenting with four or fewer joints within the first six months of 

symptoms may be classified as an “extended-oligoarticular” variant. If this patient’s joint 
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involvement increases it is possible they would henceforth be referred to as a 

polyarticular patient in the medical record, and would have been included in the Hound 

Dog and i2b2 output. In standard clinical trials, a diagnosis is verifiable if it appears in 

the clinic notes, however the evolving definitions in the field of pediatric rheumatology 

may present a unique exception to this rule.    

 

Insurance   

An additional confounding factor is the restrictive nature of some insurance plans. 

Although most anti-TNF Biologics are commonly used to treat juvenile arthritis, some 

insurance companies will deny coverage of these medications unless the patient had 

previously failed nonbiologic DMARD therapy, or had failed anti-TNFs in a particular 

order. Often insurance companies rely on internal policies governing the use of 

medications based on established research that is not updated as quickly as new drugs 

become available. (Blue Cross Blue Shield Policy #004, 2018) 

Given these restrictions, it could reasonably be expected that in some cases, 

medication response is potentially suboptimal as the first biologic used may not have 

been the physician’s first choice. This is especially relevant for studies such as this 

because it may artificially increase the number of nonresponders, and skew results. Even 

if a successful algorithm was perfected and agreed upon among specialists, due to the 

structure of the United States’ healthcare system, even medications with strong evidence 

of working may not be available as first line therapy.  
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A review of ClinicalTrials.gov indicates that the majority of interventional 

clinical trials assessing the safety and efficacy of JIA treatments are being conducted with 

a medication already approved in adults, and in some cases the gap between adult and 

pediatric FDA approval spans several years due to the requirement of additional study. In 

many cases, there exist years of individual case studies which point toward a drug’s 

efficacy in pediatric patients using adult approved medications ‘off label” before 

pediatric trials are executed. This only underscores the need for the systematic review of 

existing records as case studies could inform policy changes, decrease time to launch 

pediatric trials, or steer the direction of research by providing the underlying evidence of 

medication efficacy in JIA patients.  

 

Limitations of this Study 

 This study can be evaluated by how well the inherent limitations of chosen design 

were mitigated, how the study plan was executed and by considering the unique 

confounders that exist in the field of pediatric rheumatology.   

The primary limitation of any retrospective review is the availability of data, 

which is in this case, based on the completeness of the information collected as part of 

standard clinic care. This limitation is most obvious in the omission of the Childhood 

Health Assessment Questionnaire.  Of the 150 patients enrolled, fewer than 40 patients 

had a CHAQ score listed in their medical records. Of these, this value was not available 

at each timepoint required by this investigation and therefore was omitted from analysis, 

despite a designed intent to include it. While this patient reported outcome is a valid and 
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valuable clinical tool for determining disability, it is limited due to the extraneous factors 

a patient may consider when reporting. Because it is not an accurate measure of disease 

activity, it is not included as a JADAS scoring domain, however, the adult corollary HAQ 

has been positively associated with treatment efficacy (Daien, 2014). In more recent 

years, quality improvement policies within the Rheumatology Program at BCH have been 

adopted to ensure this metric is more consistently recorded for its use in future 

longitudinal analysis.  Because some information was not collected at the time of a 

regularly scheduled clinic visit, there was no way to retroactively obtain this 

information. Consistent collection of data regarding adherence to treatment was not 

captured by the study and was limited only to data collected at individual timepoints, 

therefore the nuances of treatment between these timepoints is difficult to assess.  

Several limitations result from the use of a local convenience sample rather than a 

nationwide population, chief among these is the limitation of sample size. Drawing 

patients from one site in one geographic location may result in conclusions which are not 

representative of the whole polyarticular JIA population. While practices and geographic 

availability of patients are potential hurdles, BCH serves not only the immediate 

Massachusetts communities but patients from many different states and countries that 

smaller hospitals may not see.   

Additionally, the variability in the practice and note taking of individual clinicians 

was considered. This issue was largely mitigated by the use of variables that do not rely 

on clinical interpretation but rather more quantifiable variables, such as the inclusion of 

ESR values in the JADAS10 preference. In cases where subjective assessments are 
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included, these values are based on clinical judgment and would naturally vary from 

clinician to clinician. While each physician may differ slightly, several of our local 

clinicians have trained under the same mentors, and their assessments are likely to have 

as little variability as can be achieved from a practice with more than one rheumatologist. 

These clinicians were also be approached in cases where a report or value is unclear 

which led to more complete, accurate data than could be found from a multicenter 

alternative.   

 

 

Technical Considerations 

At no point during the conduct of this study was there any malfunction or 

unplanned downtime of the software utilized in the management or analysis of study data. 

Patient information remained secure and compliant with all applicable regulations 

throughout the duration of the project and the completed dataset has been deidentifed but 

retained for future use.  Technical limitations regarding the use of the electronic medical 

record system, electronic data capture or statistical software did not impact the practical 

conduct of this study. 

 

Future Research Directions 

Because Rheumatoid factor positivity showed significance as a predictor of being 

a nonresponder, a closer investigation of these tests may be warranted. Further 

investigations should look at the discrete titers of immunology tests typically collected 
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only once and reported as a binary positive or negative to uncover a potential greater 

significance. Rheumatoid factor, anti-CCP, and immunoglobulins are rarely rechecked in 

clinical care at BCH, although the values may change during the course of treatment and 

mapping the trend of these titers may be worthwhile (Maher, 2013; Esalatmanesh, 

2012).   More advanced statistical analysis could be performed on all five significant 

predictor variables to determine threshold values. Receiver operating characteristic 

(ROC) curves could be conducted using these variables to determine these values and can 

estimate a patient’s odds of responding to treatment based on a specific lab result. A more 

exhaustive list of factors which may contribute to individual disease subtypes could also 

be compiled and analyzed to greater effect.  

 A logical extension of this study would be to follow all primary nonresponders for 

more than their first year of treatment to determine the frequency, total number of 

switches and which biologic regimen ultimately proved most efficacious. An 

interrogation of known biomarkers on these patients once their outcome is known may 

reveal if the number of switches or time to arrive at optimal therapy could be further 

reduced.  

Moreover, the existence of patients who failed the first two biologics prescribed 

may have a distinctly separate type of disease and the design of future interventional 

studies should take this into account.   
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Potential Use of the CARRA Registry Dataset 
 

To correct the limitations of a single site study, nationwide collaborative registries 

could be engaged. The Childhood Arthritis and Rheumatology Research Alliance 

(CARRA) Registry began in 2011 is now the oldest and largest of these registry studies 

in pediatric rheumatology. Modeled after projects of the Children’s Oncology Group, the 

CARRA Registry aims to gather information regarding patients with pediatric rheumatic 

disease at over 70 specialized rheumatology clinics in North America and serves as the 

basis for directing disease specific substudies once trends are identified. CARRA is the 

main driver of observational study comparing the effectiveness of individual treatment 

plans in an attempt to provide evidence based guidelines for the selection of a given 

treatment. This group of pediatric rheumatologists is also responsible for the design and 

conduct of an increasing number of randomized, controlled interventional trials in the 

pediatric population. Although a local population was preferred for this study as a means 

of controlling the selection of variables and deeper access to patient’s early onset notes, 

this study’s design can easily be adapted into a query for the CARRA dataset, which as of 

this writing, contains over 6,800 of a projected 10,000 patient records.  

 

Toward More Personalized Treatment of JIA 

A patient's response to biologic therapy is likely to be governed by genetic or 

environmental factors and not a simple random effect. Therefore, additional research is 

needed to identify which factors play a role in a medication's efficacy. 
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While individual predictors can be identified for polyarticular and potentially 

other types of JIA, the value of each may be insufficient to develop a single tool to 

reliably predict response that would be applicable to all JIA patients. Novel predictors are 

needed due to the limitations of chart review studies confounded by continued variation 

of treatment practices, differing concentrations of the medications prescribed and 

evolving nomenclature surrounding JIA disease variation and pathophysiology. 

Discovery of additional immunological biomarkers, most likely in the form of as 

yet undiscovered genetic mutations, factors such as endogenous retroviruses (Tugnet, 

2013) or variations of immune cell locations and function could lead to a redefinition of 

rheumatic disease subtypes. Testing peripheral blood and synovial fluid for known 

biomarkers to obtain additional clues as to which patients may respond best to anti-TNF 

therapies may become routine practice. The ratio of interferon-beta to interferon-alpha 

(Niewold, 2014) or quantification of myeloid-related protein (MPR8/14) in the serum of 

arthritis patients has demonstrated predictive power of disease severity and response to 

treatment (Nair, 2016). However, these tests are not currently available in routine care of 

JIA patients.  

Autoantibodies could also be assessed to determine if a patient should be switched 

to another biologic category rather than a less efficacious anti-TNF, even if the 

mechanism of action differs from the first line treatment. Testing for autoantibodies or 

other biomarkers recommended for secondary nonresponders could be employed to 

biologic naïve patients to great effect. 
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Treatment itself will also continue to change, both in the trends of current 

medication prescription and the introduction of new agents. Humira for instance, 

typically not prescribed as much due to patient reported discomfort, has recently been 

reformulated to remove citrate in an attempt to remove pain during administration. This 

change alone may have a significant impact in clinical practice with clinicians more 

readily prescribing it or patients more consistently staying compliant. In addition to 

improving the selection of existing therapies for optimal effect, new classes of highly 

selective medications continue to be developed, such as janus kinase inhibitors, 

continuing the trend of targeting individual parts of the immune system while reducing 

the risks associated with current generation products.  

 

 

Conclusion 

This study contributes to the foundation of understanding how quickly patients 

with polyarticular JIA undergo switches in their first line anti-TNF in clinical practice 

and suggests that valuable information regarding treatment practices can be obtained 

quickly and easily from retrospective review.  

Previous studies in the adult population attempted to uncover some baseline 

characteristics which could predict a patient's medication response. This study has 

demonstrated that in addition to rheumatoid factor status and age at anti-TNF start, WBC, 

neutrophils and JADAS10 delta values derived from the first three months of treatment 

can be more reliably used to predict a patient’s eventual response to that treatment. These 
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findings may inform a clinician's decision to cycle biologics more efficiently until one 

can be found which might stand the best chance of driving remission in the patient. The 

identification of these predictors of treatment response in the pediatric population can be 

integrated into existing recommendations to generate reliable algorithms for the optimal 

selection of application of available tools. Their existence supports the rationale of 

refining a more complex algorithm to address the limitations current models have 

regarding individualized care.    

Pediatric rheumatology is an evolving specialty and provides researchers a unique 

opportunity to define disease subtypes and best practices. Concurrent to the ongoing 

search for biomarker breakthroughs in the lab, valuable data can be mined from the most 

recent decades of recorded clinical notes. Retrospective studies such as this offer a cost 

effective means of shaping the direction of prospective or interventional clinical trials and 

by extension the understanding of juvenile idiopathic arthritis.  
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Appendix 

 
Table 9. Full variable list and analysis summary 

 
Tests for correlation of mean 
values between cases vs. 

controls 

Tests for association with 
JADAS10 at 12 months 

Correlation between case/control 
and nonresponder/responder status 

Onset Values    
Gender Chi-squared test T-test 

 
 

Variables not included in logistic 
regression 

Race 
Age at onset 

Student 2 sample t-test Pearson correlation 

Physician's global assessment 
Patient global assessment 
Joint count 
ESR 
CRP 
JADAS10 
cJADAS10 
Rheumatoid factor   

Chi-squared test 
 

T-test 

Logistic regression 
Anti-CCP Variables not included in logistic 

regression ANA 
Baseline Values    
Age at biologic start 

Student 2 sample t-test Pearson correlation 

Logistic regression 
Physician's global assessment 

Variables not included in logistic 
regression 

Patient global assessment 
Joint count 
WBC 
ESR 
CRP 
Monocytes 
Neutrophils 
JADAS10 
Delta Values    
Physician's global assessment 

Student 2 sample t-test Pearson correlation Logistic regression 
 

Patient global assessment 
Joint count 
WBC 
ESR 
CRP 
Monocytes 
Neutrophils 
JADAS10 
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Figure 5. Boston Children’s Hospital CCI approval 
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Figure 6. Harvard IRB approval 

 



 

   

 

52 

Figure 7. REDCap survey
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